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

Attention i

patent rights. ISO shall not be held responsible for identifying any or all such patent fights. Details of]

patent righ
the ISO list

Any trade
constitute

For an ex
assessmen
to Trade (1

The committee responsible for this documentis ISO/TC 244, Industrial furnaces and associated proces

equipment.

ISO 13577
processing

— Part1:
Part 2:
Part 3

Part 4:

s drawn to the possibility that some of the elements of this document may be the subjeq

of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
L, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

equipment — Safety:

General requirements

Combustion and fuel handlifig:Systems

Generation and use of protective and reactive atmosphere gases

Protective systems

ts identified during the development of the document will be in the Introduction and/of

are
the
the

t of
any
on

not

nity
iers

5ing

consists of the following parts, under(the general title Industrial furnaces and associqted
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Introduction

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

The machinery concerned and the extent to which hazards, hazardous situations or hazardous events

are

covered, is indicated in the Scope of this document.

When requirements of this type-C standard are different from those which are stated in type-A or -B
standards, the requirements of this type-C standard take precedence over the requirements of the other
standards, for machines that have been designed and built according to the requirements of this type-C

stafaard.

Thi
and|

Compliance with product standards e.g. [ISO 22967 or ISO 22968 is not sufficientto.ensure th

saff
ISO

Ind
con

ISO

addiition specific safety requirements for edmbustion and fuel handling systems that are paf

list

NO1
and

Thd

Ifa
of t

The

Itis

is located in a normally ventilated area.

ty requirements for industrial furnaces and associated processing equiptment (TPE). T
13577 shall always have priority for TPE.

Istrial furnaces and associated processing equipment (TPE) gefierally consists of the
ponents:

processing chamber (e.g. steel construction with lining andy/or refractory);
heating systems;

protective system;

control and instrumentation system / operator-control level.

13577-1 provides the general safety requirements common to TPE. This part of ISO 1357

bd in the Scope.

equipment not covered by ISO 12100.

requirements for proteetive systems are specified in ISO 13577-4.

his part of [ISO 135%77/take precedence.
requirements for reducing hazards from noise are given in ISO 13577-1.

assumed that TPE will only be operated and maintained by trained personnel.

5 part of ISO 13577 assumes that the equipment is not creating any potentially exploSiye dtmosphere

b minimum
his part of

e following

7 details in
t of TPE as

E As stated in its scope, ISO 13577-1 does not cover blast furnaces, converters (in steel plants), boilers

reneral requirement 0f1SO 13577-1 counters requirements in this part of ISO 13577, the requirements
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In

dustrial furnaces and associated processing

equipment — Safety —

Part 2:
Combustion and fuel handling systems

Thi
are

NOT

Thi
con|
con

Thi

Thi
and|

For
aux

Thd
maj

Thi
Thi

Scope

5 part of ISO 13577 specifies the safety requirements for combustion and fuelhandling sy
part of industrial furnaces and associated processing equipment (TPE).

E The general safety requirements common to TPE are provided in ISO 13577-1 (See introd

5 part of ISO 13577 deals with significant hazards, hazardous sitydtions and events
bustion and fuel handling systems as listed in Annex A, when used as intended and|
ditions foreseen by the manufacturer.

5 part of [SO 13577 covers:

fuel pipework downstream of and including the manual isolating valve;

combustion air supply (including oxygen and oxygen enriched combustion air) and flue g
burner(s), burner system and ignition device;

functional requirements for safety related control system.

5 part of ISO 13577 applies to any exidation with air or other gases containing free oxygen
liquid fuels or any combustion of them to release thermal energy in TPE.

iliary burners designed to-.start-up and/or support the process.

pressure hazard of\the piping and components covered by this part of ISO 13577 is
cimum pressure/size’ relationship of category I as described in normative Annex E.

5 part of ISOA3577 also gives the necessary requirements regarding information for use

5 part of 4SO 13577 does not cover hazards from heating generated by electricity.

Thi

frorp the products processed in the TPE.

5 partiof ISO 13577 does not deal with the hazards created by the release of flammable

stems that

iction).

relevant to
under the

Fas system;

of gaseous

thermal or catalytic post combustion and waste incineration, this part of ISO 13577 applies only to

within the

substances

This part of ISO 13577 is not applicable to combustion and fuel handling systems:

of welding machines;

up-stream of the TPE manual isolating valve.

This part of ISO 13577 is not applicable to electrical cabling and power cabling upstream of the TPE
control panel/protective system.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references,

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

ISO 7-1:1994, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimensions,
tolerances and designation

ISO 49:199

[SO 228-1:7
tolerances

ISO 5817:2

4, Malleable cast iron fittings threaded to ISO 7-1

000, Pipe threads where pressure-tigit JoInts are ot mdde of the thredads — Part 17 Dimerns
hnd designation

ons,

003, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welgling

excluded) + Quality levels for imperfections

ISO 7005-1:2011, Pipe flanges — Part 1: Steel flanges for industrial and general service'piping systems

ISO 7005-2:1988, Metallic flanges — Part 2: Cast iron flanges

ISO 7005-3:1988, Metallic flanges — Part 3: Copper alloy and composite flanges

[SO 8434-1:2007, Metallic tube connections for fluid power and general use — Part 1: 24° cone connectors
1SO 8434-2:2007, Metallic tube connections for fluid power and general use — Part 2: 37° flared connecfors
ISO 8434-3:2005, Metallic tube connections for fluid power and-general use — Part 3: O-ring face [seal
connectors

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

ISO 13574,

ISO 13577
requiremer

ISO 13577-

ISO 19879
fluid power

ISO 235514
requiremer

[SO 235514
requiremer

[SO 235511

Industrial furnaces and associated processing equipment — Vocabulary

L1, Industrial furnaces and associated processing equipment — Safety — Part 1: Gen
ts

4, Industrial furnace and asseciated processing equipment — Safety — Part 4: Protective syst

2010, Metallic tube connections for fluid power and general use — Test methods for hydrg
connections

1:2012, Safety dnd control devices for gas burners and gas-burning appliances — Partic
ts — Part 1: Automatic and semi-automatic valves

2:2006, Safety and control devices for gas burners and gas-burning appliances — Partic
ts — Part’2: Pressure regulators

3:2005, Safety and control devices for gas burners and gas-burning appliances — Partic

eral

ems

ulic

Llar

Llar

lar

= D Vike DUV al Lces e = L = =
S rurto. ugus/utr Tutruv LUriti’'vis, pricuaimtatit 1ty pc

requiremer

ISO 23552-1:2007, Safety and control devices for gas and/or oil burners and gas and/or oil appliances —
Particular requirements — Part 1: Fuel/air ratio controls, electronic type

ISO 23553-1:2007, Safety and control devices for oil burners and oil-burning appliances — Particular
requirements — Part 1: Shut-off devices for oil burners

[EC 60204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

IEC 60730-2-5:2009, Automatic electrical controls for household and similar use — Part 2-5: Particular
requirements for automatic electrical burner control systems

IEC 60730-2-6:2007, Automatic electrical controls for household and similar use — Part 2-6: Particular
requirements for automatic electrical pressure sensing controls including mechanical requirements

2 © ISO 2014 - All rights reserved
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4.1
The

ISO 13577-2:2014(E)

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 13574 apply.

Safety requirements, measures and verification means

General

safety goals of this part of ISO 13577 shall include:

Ele

Ar
acc
(all
infq
ISO

Spe
the
of I

4.2
4.2

4.2

choice of materials such that the construction and operation of the system are not def
affected. In particular, all the components of the fuel pipework shall be capable of withst
mechanical, chemical and thermal loads to which they can be subjected duringniorma
and foreseeable abnormal operation (e.g. identified during a safety assessment);

reliable and correct time for ignition of the air/fuel-mixture at the burner(s);
prevention of unintentional release of unburned fuels;

shut-off fuel-supply in case of relevant fault;

protection of pipeline to preclude the propagation of flame in reverse direction;
prevent firing when the evacuation of flue gas/combustieonproducts is not ensured;
prevent firing when the process conditions are not ifithe safe state.

trical circuits shall be designed in accordance with IEC 60204-1.

sk assessment according to ISO 12100 shdll be carried out. Safety function shall be ¢
rdance with ISO 13577-4, where the use of standards for functional safety IEC 62061,
parts), IEC 61511 (all parts) and IEC 61508 (all parts) is included. Informative Annex
rmation for the determination of.the SIL or PL of safety-related functions covered in {
13577.

cific regional requirements.are given in Annex G, Annex H and Annex I. The safety requi
be annexes shall ensure af leéast the equivalent level of safety to the requirements given
b0 13577.

Gaseous fuels
1 Gas pipework

1.1, vGeneral

rimentally
anding the
operation

esigned in
[SO 13849
F provides
his part of

rements of
n this part

The

pipework design shall take into account the composition and properties (e.g. pressure, te

nperature,

corrosiveness, specific gravity) of the fuel gas and the need for venting, purging and cleaning.

The pipework material shall comply with the relevant standards.

Due to durability, steel is the preferred material for pipes and components but where appropriate and the
same safety levels can be achieved then other materials may be utilized. Such materials and conditions
of service shall be specified in the instruction handbook. Oscillations which may cause damage to
pipework, components or safety systems shall be prevented (by firm anchoring and/or use of flexible
couplings).

©IS
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4.2.1.2 C

onnections

Gas pipework connections shall be metallic and shall be of threaded, compression, flanged, welded or

brazed typ

es. The number of connections shall be kept to a minimum.

Threaded connections shall be used only for the following pressure/diameter combinations:

pressu

pressures up to 15 kPa, and diameters up to DN 100

res up to 200 kPa, and diameters up to DN 50

presst
— pressu
For fittings
— fitting

maxini

res up to 500 kPa and diametersup to DN 25

res up to 1 MPa, and diameters up to DN 15

according to ISO 49, the following limitations shall be observed:
5 must be class “A”;

um allowed pressure is 50 kPa;

— for dimensions DN 25 or less, the maximum pressure is 500 kPa.

Where the
appropriat
of threads
according

threaded ¢

Other thre
identified.

The design

Compressi
only be usé

Any pipe p
Flanges sh

equipment has a threaded connection, this thread shall comply-with ISO 228-1 or ISO 7-
e. The use of threads complying with ISO 228-1 is limitedto-diameter up to DN 50. In ¢
according to ISO 228-1, the tightness shall be ensured by a ring gasket. In case of thrg
fo ISO 7-1 suitable sealants shall be used to ensure tightness. Hemp shall not be use
pnnections unless reinforced with a suitable sealant:

hded connections may only be used providing they ensure tight connections and are suit

of pipework shall be such as to avoid tensile loading of the joints.

bn fittings shall comply with ISO 8434~1, ISO 8434-2 and ISO 8434-3 or ISO 19879. They s
d for pressures up to 500 kPa and,diameters up to 42 mm.

hssing through an unventilated space shall not have a connection except welded joints.

i1l comply with ISO 7005-1"and ISO 7005-2 as appropriate.

Arc weldinig shall comply witlISO 5817, quality level C.

42.1.3 U

Any uncon

4214 G

nconnected-pipework

hected pipework shall be plugged, capped or blank flanged by means of metallic parts.

alvanic cells

| as
ase
ads
1 in

hbly

hall

The formation of galvanic cells shall be avoided by suitable choice of materials.

4215 F

lexible tubing and couplings

Flexible tubing shall comply with the general requirements of 4.2.1.1, together with the following:

shall b

shall b

e as short as practicable;

e suitable for the maximum and minimum working (fuel and ambient) temperatures;

15 kPa), at the maximum and minimum working temperatures;

shall h

ave a directly accessible, upstream manual shut-off valve;

shall be suitable for a pressure 1,5 times the working operating pressure (with a minimum of

© ISO 2014 - All rights reserved
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shall be mounted in such a way as to avoid distortion, whiplash and damage;

shall have end fittings as integral parts of the tubing;

shall be constructed from suitable material both metallic and/or non-metallic selected for the

application duty and not be easily damaged.

Couplings for removable equipment shall ensure a gastight connection with the equipment connected

and

4.2,

disconnected.

1.6 Marking

The

NOT

4.2

Thd
the

pipework shall be identified as gas pipework.

E Identification of gas pipework is dealt with by national regulations.

1.7 Soundness/tightness

gas pipework shall be tight and shall be designed to withstand the internal pressure. Afte
gas pipework shall be submitted to its test pressure and tested for tightness. The test pre

be

The external leakage rate shall not give rise to a dangerous cofidition, flammable and/or t
forgseen circumstances of the equipmentinstallation. The frequency of testing to determine t
lealtage shall be specified in the instruction handbook.

ot less than 1,1 times the maximum working pressure at any pointwith a minimum of 5

I assembly;,
ssure shall
kPa.

bxic, in the
he external

NOTE It is generally agreed that an external leak rate of * 1 dm3(n)/h will not give rise to 3 dangerous
conglition in typical ventilated industrial installations. The-actual leak rate will depend upon the volume, number
of cgnnections, test gas, number of valves and componentparts contained.

Thd
nun
spr

4.2

In d

equipment for draining ardy jcondensate. When moist gases are being used, condensate

suif]
can
intd

Valy

4.2
Med

\ber of valves and component parts cofitained and temperature. Methods of testing sk
iy bubble leak identification and/or pressure decay test.

1.8 Condensate drains

ases where condensates can create a hazard, means shall be provided at the lowest p

able type shall be installed. Any condensate drains, siphons, etc. shall be in a position sug
be easily checkedFlammable condensates shall be collected by an appropriate means
a container).

Fes in condensate drains shall be suitably plugged, capped or blank flanged by metallic p

1.9 Purge points

external leak rate test method shall take.into account the volume, number of connections, test gas,

all include

ints of the
lrains of a
h that they

(e.g. piped

hrts.

hintenance

nsshall be provided to facilitate purging of the gas system during commissioning and m

to prevent the build-up of flammable substances.

4.2,

1.10 Blow-off and breather pipes or conduits

Where blow-off or breather pipes or conduits are fitted on regulators or relief valves or vent valves,
adequate means shall be provided to facilitate the venting of gas from the system to a safe discharge
area.

In case breathers or blow-off pipes are gathered, the cross section of the collector shall be suitable to
evacuate simultaneously total flow rates of the exhaust sources.

In case breathers are gathered with blow-off pipes, non-interaction of the collected lines, valves and
instruments shall be verified.

© IS0 2014 - All rights reserved
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4.2.1.11 Pressure relief devices and flame arrestors on pipework

For equipment designed for situations in which flashback can occur, flame arrestors and/or pressure
relief devices shall be fitted.

Pressure relief devices shall be designed to yield at a pressure below the design pressure of the pipework
and shall be positioned such that the discharge flow and the pressure relief device does not constitute a
risk to the equipment, personnel or third parties.

A flashback at least shall trigger an alarm. The required measures after a flashback shall be described

in the instruction handbook.

4.2.1.12 Plressure oscillations

The gas p
fluctuation

(e.g. by dedigning the correct sizing of pipe, using pressure regulator,).

4.2.1.13 E

Where a by
to ensure t

4.2.1.14 B
By-passes

This requit
4.2.1.15 I
Required g
they prote

are mount
in the open

4.2.2 Re

4.2.2.1 Manual isolatingvalve

A manually

Manual isolation valvesshall be so designed or positioned as to prevent inadvertent operation but s

be easily a

They shall

pework shall be designed so as to avoid the possibility of gas velocities and“press
s causing oscillations which could cause damage to pipework, components or'sdfety syst

quipment supplied with different fuel gases

rner is intended for alternating use with more than one gaseous fuel, means shall be provi
hat the supply pipework of the gas not being fired is positively isolated.

y-pass

shall not be fitted in parallel with any item of safety equipment.

solation of required safety devices

Ct during start-up or operation of'the burner. In case isolating valves cannot be avoided
bd between these required devices and the main lines, these isolating valves shall be log
position during operation pfithe equipment by adequate means (e.g. manual lock).

juired safety devices

operated is6lation valve shall be fitted upstream of the first control device in the gas cirg

rcessible:and capable of rapid operation when required.

be-so.designed that the “OPEN” and “CLOSED” positions are readily distinguishable (e.g. a

ure
PINS

ded

ement shall notapply to valve proving systems (See [SO 23551-4) on automatic shut-off valjes.

afety devices (e.g. pressure switches,relief valves) shall not be isolated from the equipnfent

and
ked

uit.
hall

90°

turn valve

4222 F

'anpli{‘nh]p and mmi]nh]p)

ilter/strainer

Special care shall be taken to prevent the ingress of particles, either from the pipework or from the
gas, which would be detrimental to the operation of the equipment by the incorporation of a suitable
filter or strainer immediately downstream of the first manual isolating valve of the TPE. Additional
filters/strainers may be required (e.g. immediately upstream of the automatic shut-off valve). The filter
and/or the strainer shall be positioned in such a way that periodic servicing remains easy. The filtering
capacity of the filter/strainer has to be chosen according to the requirements of downstream equipment.

NOTE Normally safety and control devices for gas burners and gas-burning appliances require upstream
filters with filtering capacity < 50 pm. Strainers with larger mesh size are only suitable for primary cleaning.

© ISO 2014 - All rights reserved
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In case of the installation of a by-pass to the filter/strainer, an identical filtering device shall be installed
on the by-pass line.

The intervals for checking the filter and/or the strainer shall be specified in the instruction handbook.

4.2,

2.3 Gas pressure regulator

A gas pressure regulator shall be incorporated where this is necessary for control of the pressure and

the

Gas

flow rate.

pressure regulators when fitted shall comply with ISO 23551-2 as appropriate.

If t}le outlet side of the gas pressure regulator and/or the following line section with equipment up to

the
pre
the

The

A sipall capacity relief valve (token relief valve) shall'always be applied downstream of the g:

reg
off.

Pre
for

Wh
bur

4.2

Low
sati|

Thd
fall
acc

burner is/are not designed for the maximum supply pressure (inlet pressure upstrea
ssure regulator under fault conditions) an over pressure cut-off device shall be installed
gas pressure regulator shutting off the gas supply before an excessively high/pressure og

over pressure cut-off device shall be:

a mechanical valve which measures the gas pressure downstream o6f the gas pressure r
means of an impulse line and closes by spring force in case the pressure exceeds the se
pressure, or

an automatic shut-off valve according to ISO 23551-1 actuated by an overpressure detect
downstream of the gas pressure regulator. The overpressure detector shall comply with
2-6 or be evaluated to ensure appropriate reaction time'and accuracy. In this case, signal
has to fulfil the requirements of a protective system'according to ISO 13577-4.

1lator, if an over pressure cut-off device is.installed to vent small leakages of the high pr

ssure adjustment on the gas pressure régulator shall only be possible with a special to
the task.

bre the gas for the pilot burner.is taken from upstream of the gas pressure regulator
her(s), the pilot burner shalkbe equipped with a separate gas pressure regulator.

2.4 Low gas protection

I gas pressure pretection shall be fitted. The low gas pressure protection device has
sfactory and reliable proof of the pressure for all operation conditions.

systemyshall prevent start-up or cause safety shut-down and lock-out in the event g
ng belew'a pre-determined value. This function shall meet a requirement of the protect
prding’to ISO 13577-4.

Gas

reaction time and accuracy.

4.2,

to the gas
pstream of
curs.

poulator by
t response

rinstalled
[EC 60730-
[processing

IS pressure
essure cut-

1 provided

o the main

to provide

f pressure
ive system

2.5 High gas protection

High gas pressure protection shall be fitted in all circumstances except when:

the equipment supply pressure does not exceed 10 kPa, and

regulator failure does not result in an unsafe start-gas rate being obtained.

dppropriate

Where high gas pressure protection is required, the system shall prevent start-up or cause safety shut-
down and lock-out in the event of a pre-determined pressure being exceeded. This function shall meet

the

requirements of a protective system according to ISO 13577-4.

© IS0 2014 - All rights reserved
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Gas pressure detectors shall comply with IEC 60730-2-6 or shall be evaluated to ensure appropriate
reaction time and accuracy.

4.2.2.6 Automatic shut-off valves

The gas supply to each burner or group of burners shall be under the control of two automatic shut-off
valves in series in the gas pipework in accordance with the following subclauses of ISO 23551-1:2012:

for general requirements: subclause 7.1;

for leak tightness: subclause 7.2;

for dut
for the
for the
— for the

The sealing

For natura
off valves {

The autom
Valves con

Automatic
differentia

High cycliy
only valves

The instru
the proced
for replace

NOTE
justified by

All system

Control va
and modul

The autom

replaceme[
I

ability: subclause 7.5;

closing function: subclause 7.6.101;

closing force: subclause 7.6.104;

closing time: subclause 7.6.106.

b force for automatic shut-off valves shall be equal to or greater thah-15 kPa.

draught burner with a controlled capacity below 70 kW the sedling force for automatic s
hall be at least 5 kPa.

htic shut-off valve shall endure the intended number of\cycles in the TPE.
struction and materials shall be suitable for the used gas composition.

shut-off valve shall be capable of withstanding*all upstream pressures, backpressure
pressure under all process circumstances.

lg applications over 100 000 cycles/yean (e.g. pulse firing, regenerative burners) shall
that are declared capable of the intended number of cycles and on/off cycling rate.

‘tion handbook shall specify the heed to check automatic shut-off valves for correct operat
lire to be adopted and the intervals at which this should be carried out and the requireme
ment. Means to permit the operator to determine when automatic shut-off valves req
t shall be supplied.

is commonly agreed‘that valves are to be tested annually unless longer testing intervals ca
the risk analysis.

5 shall have theability for manual leak testing of the automatic shut-off valve.

ves may‘be'used as safety shut-off valves provided they are designed as both safety shuf
htion.valves and tested for concurrent use.

hut-

and

use

ion,
bnts
lire

h be

-off

hticshut-off valves shall not open or shall shut off the fuel to the burner when the limit of

any

safety con

a protective system according to ISO 13577-4.

NOTE

1tion 1s reached. In this case, the relevant automatic shut-oIt valves shall be de-energised by

Examples for safety related conditions to be considered are (but not limited to): minimum and/or

maximum gas flow, minimum and/or maximum gas pressure, minimum and/or maximum air flow, minimum
and/or maximum air pressure, failure of power supply and/or other utilities (e.g. compressed air, steam), failure
of heat transfer fluid, fume extraction malfunction, minimum and/or maximum operation temperature, minimum
and/or maximum combustion chamber pressure, flame failure, failure of valve proving as referred in 4.2.2.7,
incorrect air gas ratio as referred in 4.3.3.3.

[t shall only be possible to manually reset (locally or remotely) the lock out of a closed automatic shut-off

valve.
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Flame failure or process control shut down shall cause the closing of two automatic shut-off valves piped
in series except in the following cases where closing a single individual burner shut off valve is sufficient:

in case of high-temperature equipment;

— in case of low-temperature equipment where the individual burner automatic shut-off valve is
fitted with proof of closure according to ISO 23551-1, and the protective system closes an upstream
automatic shut-off valve (header valve) if one of the individual burner valve is not proven closed by

the prove of closure switch.

Flame failure or process control shut down of radiant tube burner system shall cause the closing of

two
ind

For

4.2

Aut
staj
and|

be {

NOT

combustion chamber during operation is considered as proved close valve. In case of preheated gas an

oro

For
pro

Aut

Inn
not
valy

4.2

For
off

HoV
(e.g

automatic Snut-olf valves piped 11l Series exXcept in the following cases where the closSing
vidual burner shut off valve is sufficient:

fuel-air-mixture from leaking gas valves inside the exhaust system below 25 of the LE

typical examples of piping and components see informative Annex C.

2.7 Valve proving

pmatic shut-off valves controlling capacities higher than 1 200-kW shall be proved clo
t-up of the TPE. In case where the valve is not proved closed; the current start-up shall
the system shall go to lock-out. The valve proving procedure and the action after such f;
pecified in the instruction handbook (e.g. replacement.ofvalve).

E It is generally agreed that a leak rate of the valve(s) below 0,1 % of the maximum gas f
kygen enriched combustion this value has to be readjusted accordingly.

a TPE intended to be started up more thantwo times a year, the automatic shut-off valve
ved closed by an automatic system.

pmatic valve proving shall fulfil the(tequirements of a protective system according to IS(

hultiple burner systems with two automatic shut-off valves for each burner, automatic t¢
have to prove each burner valve individually (see Figure C2b). The testing of the individ
res shall be specified in the instruction handbook.

2.8 Individual manuaal shut-off valves for burners

burners whick{are independently ignited, each individual burner shall be fitted with a m
ralve suitablefor the type of gas.

vever, if'the installation of such a manual valve affects the mixing characteristics of mix
venturi mixers), then the shut-off valve shall be installed upstream of any such device.

For

of a single

eachradiant tube burner system is explosion resistance and the exhaust system dilutes the ignitable

L.

ed at each
be stopped
hilure shall

ow into the
d/or oxygen

(s) shall be
13577-4.

bsting does
ual burner

hnual shut-

ng devices

wltiple burnersin which cross-ignition from burner to burner occurs by design, the com

lete group

of b

4.2,

4.2,

urners shall be fitted with at least one manual shut-off valve.
3 Combustion air and air/fuel ratio

3.1 Combustion air system

The pipework design shall take into account the properties of combustion air (e.g. pressure, temperature).

The location of the combustion air intake shall be such as to prevent entry of impurities (e.g. dust) and
flue products, unless provided for by the design (e.g. for reduction of emission of nitrogen oxides NO,).

The ventilation of TPE shall be such as to allow an adequate supply of process air and combustion air to
reach the burner(s) under all conditions.
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Attention should be paid to sufficient air supply to the TPE. For many applications, it is recommended to
install an air inlet filter with filter monitoring to achieve reliable operation of the installation.

The combustion air system shall be designed in a manner that prevents the back-flow of furnace
atmosphere through combustion equipment.

The air circuit shall be designed so as to avoid oscillations that may lead to material defects.

4.2.3.2 Air flow and pressure detectors

TPE fitted with forced or induced draught burner(s) shall be fitted with devices for proving adequate air

flow durin

Air flow fa
shut-down
according

The air-pr

b ignition and operation of the burner.

lure at any time during the pre-purge, ignition or operation of the burner shall causé sa
and shall cause a lockout. This function shall meet the requirements of a protective sys
0 1SO 13577-4.

pving device shall be checked in the “no flow” state prior to start-up [€:g-by stopping

fety
fem

the

combustion air supply or by interrupting the air signal to the device(s) in such a‘way as to simullate
stopping the combustion air supply]. Failure to prove the device in the “no flow*condition shall preyent
start-up.

Air flow shfall be monitored:

— by prepsure detectors or

— by flowy detectors.

It shall be |shown that any of these devices provide satisfactory and reliable proof of the flow for all
operating ¢onditions.

Thisrequifement shall notapply to portable gas burners, work station burners and equipment-integrgted
burners with open flame, supervised continuously*by trained operators, and having a maximum bufner

input ratin

Air pressu
reaction ti

application].

4233 A

The air m4
and that th
burner. Th

If the vari:
stability, th

below 70 kW.

e detectors shall comply with [EC 60730-2-6 or shall be evaluated to ensure appropn
me and accuracy. They shallibe suitable for the number of operations foreseeable for

ir/fuel ratio
ss flow shall always be in a ratio with the gas mass flow in order to ensure safe igni

e ratio doestot need to be the same value at all operational conditions.

ition ‘of pressure and/or temperature of air and fuel gas affect the safety and combus
en correction for pressure and/or temperature is required.

jate
the

Fion

roughout the/operating range, a stable and safe combustion is maintained at each indiviglual

fion

The design of the air/gas ratio control has to consider process conditions as well as fuel and combustion
air properties. Defect or malfunction should effect that the system will tend towards higher excess air

or proceed

Pneumatic

to lockout if the air/gas ratio results in an unsafe condition.

gas/air ratio controls shall comply with ISO 23551-3, if applicable.

Electronic gas/air ratio controls shall comply with ISO 23552-1, if applicable.

To ensure their reliability, air/gas ratio controllers according to ISO 23551-3 or ISO 23552-1 shall be used
in conditions (temperature, pressure, flow rate) for which they have been designed. These conditions
and instructions for maintenance shall be specified in the instruction handbook.

In case other methods/technologies are used for the ratio control and depending on the combustion
air and fuel gas properties, additional protective measures shall be applied according to the results
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of the risk assessment (e.g. air/fuel ratio monitoring by protective system according to ISO 13577-4).
The method/technology and the procedure for the functional test shall be described in the instruction
handbook.

4.2.4 Supply of pre-mixed fuel gas/air

4.2.4.1 Mixture pipework

The mixture pipework volume shall be minimized to reduce risk in the event of flashback, but shall not
compromise pressure and flow distribution needed for stable burner operation. The system shall be

des
can
top

Flame trap(s)/arrestor(s) if used shall be located as close to the burner(s) as practieable.

Altd
veld
of f}
The
can

4.2

Thd
(e.g

If a

high gas pressure switch located downstream(f this non-return valve shall be incorpora

off 1
4.2

A fl
inst

4.2

4.2
All

gned so as to provide a sulficiently high mixture 1low velocity such that flame propagatio
hot occur, or shall be fitted with flame trap(s)/arrestor(s), pressure relief devices or blow
revent damage in the mixture pipework and mixing equipment.

rnatively, the system shall be fitted with a sensor which causes lock-qutiin the event

ashback. This function shall meet the requirements of a protective system according to IS
se devices are not required for burners where the manufacturercan demonstrate tha
hot occur in any circumstances (e.g. pilot burners with their owiimixing devices).

4.2 Air and gas supply to the mixture circuit

presence of fuel gas/air mixture in the pipework supplying either fuel gas or air to the mi
due to reverse flow of the mixture) shall be prevented.

non-return valve is used for this purpose and\if it is not resistant to flashback, then an|

he flow of fuel gas to the equipment by means of the relevant automatic shut-off valves 5
2.6 in the event of a flame flashback.

ashback shall trigger an alarm. Fhe Tequired measures after a flashback shall be descr
ruction handbook.

5 Burners

5.1 Main burners
burners shall Be'suitable for the working conditions and shall provide operating safety fq
the fuels-used (type, pressure, etc.);

the eperating conditions (pressure, temperature, atmosphere, etc.);

h upstream
but devices

bf the flow

city falling below a pre-determined limit or a temperature sensor which'causes lock-out in the event

013577-4.
t flashback

xing device

additional
ted to shut
pecified in

ibed in the

=

the nominal input rate and range of regulation (maximum and minimum capacity);

ease of visual monitoring (sight glasses, sight holes, etc.).

4.2.5.2 Radiant tube burner systems

Radiant tube burner systems shall be suitable and allow safe operation. They shall:

— beconstructed of suitable materials for the thermal inputrate, temperature and furnace atmosphere;

— minimize the probability of combustion products having contact with the furnace atmosphere.

© IS0 2014 - All rights reserved
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4.2.5.3

Ignition device/pilot burner

The ignition device shall be reliable and of sufficient capacity, so that immediate, low noise and smooth
ignition is obtained. Detail verification procedure for use in commissioning, operation and maintenance
shall be included in the instruction handbook.

Any direct ignition device or combination of the ignition device and the pilot burner in automatic
installations shall form an integral part of the main burner system.

The construction and location of a pilot burner shall be such that, under all operating conditions, the

pilot flame

remains stable and of such a shape that the main flame is ignited.

For safety
4.2.2.6,4.2

2.5,

requirements, pilot burner(s) shall be treated as main burners and 4.2.2.3, 4.2.2.4, 4\2
.2.7,4.2.2.8,4.2.3.2,4.2.3.3, 4.2.6 and 4.2.7 shall apply.

Where pilg
with unce
independe

t burners are used in the case of main burners supplied with gas or combustible vapc
‘tain combustion characteristics, e.g. varying calorific value, permanent, pilots shal
1tly supplied with a clean fuel gas of constant quality (e.g. natural gas, liquefied petrolg

urs
be
um

gas) and bg fitted with automatic burner control systems according to 4.2.6.

Where use|is made of a portable pilot burner or ignition device:

— the pilpt burner or ignition device shall be capable of being fitted in.one way only and in such a vay
that it joccupies a fixed position with respect to the burner to be igitited — if necessary the corfect
positign shall be monitored;

— the copnections for fuel, air and ignition energy shall be’so designed that a reliable link-up is

obtain

4.2.5.4 B

In any co
firing co

ed, and errors of fitting of connections are avoided:

urner capacity control

4.2.5.5 Flue gas venting

Flue gases

TPE with 3
shall be eq
according

and proces

For TPE'’s 4
draught br

see Figure

shall be vented in a safe way:

closed combustion ¢hamber or combustion chamber with at least three surrounding w

uipped with a flueCsystem. The cross sectional area of the flue system shall be calculd
[0 volume, pressure and temperature of the flue gases (products of combustion, excess
s emissions),

quipped-with natural draught burners the flue system shall be fitted with an appropr
pak abeve'the height of the operator, or control damper (for typical example of a draft by
C.7).

rgbustion system, the turndown ratio shall be such that the burner(s) is/are fully stable af all
ndfitions. Means shall be provided to allow the determination of the burner capacity.

alls
ted
air

late
eak

If the flue

adac ara aviractad by o fon ov tho deanght ¢ contrallad by o dayanar and +ha el 1o
-+ 1e—& FO+ }

sinot

SToT oo T TATrattet o TS TIc o CoTTrer oo T OO P e oo CIire T 1o 1E

adequately reduced by the inherently safe design or mechanical design, the system shall be fitted with
a safety device to cause a safety shut down of the burner(s) or a switching over to a backup duct system
in the event of a failure in the flue venting. This function shall meet the requirements of a protective
system according to ISO 13577-4.

For all TPE equipment burners supplied without a flue system, the combustion products shall be directed
away from the workplace. The instruction handbook shall refer to the need for sufficient venting to
ensure the correct air quality for the operator.

NOTE EN 525 gives useful information on maintaining the air quality in workshops.
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4.2.6 Automatic burner control systems

4.2.6.1 General

The main flame and, if applicable, the pilot burner flame, shall be supervised by means of an automatic
burner control system or a flame detector complying with IEC 60730-2-5. Exceptions are only permitted
when specified in this part of ISO 13577 (e.g. see 4.2.6.3 and 4.2.6.4). Flame supervision and burner
control function shall meet the requirements of a protective system according to ISO 13577-4.

For systems where the pilot burner remains in use during main burner operation, separate flame
detector-device ta supervise the pi]nf and main flames shall be fitted. The main flame detector device

shall be so positioned that it cannot in any circumstances detect the pilot flame.

Where the pilot burner and the main burner are each provided with their own flame detector|device, the
pilgt flame shall not influence the response of the main flame sensor.

A single flame detector device shall be sufficient:
— |for systems where the pilot flame is extinguished during main burner operation;

— |for any metallic fuel fired radiant tubes, explosion resistant and equipped with a burnerffitted with
permanent pilot burner.

Where fitted, flame sensors shall be unresponsive to unintended radiation.

Where a burner is required to fire continuously for periads in excess of 24 h, the automatic burner
confrol system shall be designed for permanent operationas described in [EC 60730-2-5.

=

Thq detection of a flame when there should not be"aflame or a defect of the automatic burher control
system or the protective system shall result into;lock-out.

4.2)6.2 Low-temperature equipment

Low-temperature equipment fitted with a single burner shall be equipped with an automgtic burner
confrol system in accordance with 4.2.6.1.

For|low-temperature multiple-burner equipment, each burner shall be equipped with anl automatic
burper control system.

Only one of the burnerginmultiple burner equipment may be equipped with an automatic burfner control
system operating contiftuously provided that the burners guarantee stable combustion thrgughout the
range of regulatiof, @re on the same air/gas ratio control system and are arranged adjacent and in such a
wayf that, if one bf them is extinguished, it is re-ignited quickly and smoothly by the flame frqm the next
burper. Thissshall not apply to burners controlled by “on/off” systems.

4.2/6.3<_‘High-temperature equipment

During high-temperature operation, the temperature snail be monitored. 1N the event the temperature
falls below the limit, the control system shall automatically shut off the gas supply or shall switch over
to flame supervision by means of an automatic burner control system according to 4.2.6.1. This function
shall meet the requirements of a protective system according to ISO 13577-4.

The temperature limit for high-temperature operation shall not be less than 750 °C and the temperature
shall be detected at the coldest point.

NOTE At radiant tube burner systems the ignition point is inside the radiant tube. The temperature inside
the tube and prior to ignition may well be much lower than in the chamber in which the radiant tube is placed.
This temperature difference has to be taken into consideration when designing.

During start-up period, flame supervision, either by means of an automatic burner control system
or by the operator, shall be provided when the combustion chamber wall temperature is below the
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temperature limit for high-temperature operation. For TPE intended to be started more than 4 times
a year, flame supervision below 750 °C shall be by means of an automatic burner control system.
Additional burners that operate during high-temperature operation without flame supervision shall
be isolated from the fuel gas supply by two automatic shut-off valves until the temperature is above the
limit for high-temperature operation. This function shall meet the requirements of a protective system
according to ISO 13577-4.

The high-temperature operation, the method/procedure for flame supervision during start-up period

and switch

4.2.6.4 A

Each burn
70 kW shal

Where the)
provided t

If the flam
shall be pr

Where an
burner corn

this case a
designed s
down of al

If necessai
capacity is
replaced by
the instrug

4.2.7 Sta

4.2.7.1 Pre-purging of the combustion chamber

Except wh
initiated u
combustio
This condi

within a tifne to be specified in the instruction handbook.

The pre-pu

over to high-temperature shall be described in the instruction handbook.

el . o] neindd :

br firing in the open air (i.e. no combustion chamber) with a rated heat input greater t
| be fitted with an automatic burner control system.

burner heat input rating is 70 kW or less, the flame may be supervised by, the oper4
hat the flame is always visible to the operator at his/her workstation.

e cannot be observed continuously from the workplace, an automatie-burner control sys
pvided.

installation is equipped with several burners other than ON/OFF burners, no autom

least one burner shall be equipped with spark restoration or a supervised permanent
b that a failure of the permanent pilot or the spark ¥estoration system leads to safety s
the burners.

y for process reasons (e.g. load damaged due to lock-out), and where the single bui
below 100 kW, the lock-out function integrated into a multiple burner installation maj
 an acoustic and a visual alarm providing the operator can react in a time to be specifie
tion handbook.

rt-up of the heating system and burner ignition

en specified below, start-up of the TPE or re-start of the TPE after a lock-out shall no
ntil adequate stepshiave been taken to ensure that no combustible mixture is present in
h/processing chamber, connected spaces and flue system (heat exchangers, dust extractc
Fion shall beachieved by means of a period of pre-purging immediately prior to ignitio

rge tifmme shall be such as to ensure that the concentration of any combustible product]

any part

0
flammabil

the €ombustion chamber/connected spaces and flue system is below 25 % of the lo

han

tor,

fem

atic

trol system is required if the burners are arranged in a codfiguration in which the flame of
an operating burner will reliably crosslight another burner in the eyent'of flame extinction. Howeve

I, in
ilot
hut-

ner
' be
d in

[ be
the
rs).
N or

S in
wer

$1imit (LFL) of the fuel gas; this being calculated with the combustion chamber/conne

ted

spaces and

the flue duct assumed as being initially filled up with flammable gases.

In general, five complete air changes of the combustion chamber/connected spaces and flue system will
suffice. The air flow rate used for a pre-purge shall be at least 50 % of the maximum combustion air flow
rate. In the case of natural draught, the condition to achieve the above requirements shall be defined in
the instruction handbook.

The pre-purge time and purge procedure and/or methodology shall be specified in the instruction
handbook.

The system for ensuring correct pre-purge time and the airflow shall meet the requirements of a
protective system according to ISO 13577-4.
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When the combustion chamber is proved to be at a temperature above 750 °C (as defined for high-
temperature equipment) pre-purge may be omitted.

Inert or non-flammable gases shall be used instead of air if required by the equipment or process. Other
methods of ensuring that the combustion chamber and connected spaces do not contain flammable
gases may be utilized providing that the equivalent level of safety is achieved.

In multiple burner equipment a single burner may be re-started without pre-purge in the following

cases:

when restarting a burner after shut-down for control purpose where the burner is fitted with an

Int
staj

Independently supervised permanent or alternating pilot;

when one or more burners remain alight in the same combustion chamber of theGurn
ignited and the burner(s) remaining in operation shall provide ignition of any uninténde

where the burner is fitted with two automatic shut-off valves that close simultaneously
proving according to 4.2.2.7 is conducted before each burner start;

with pulse fired burners, equipped with two automatic shut-off valvesthat close simultan
provided the automatic shut -off valves are declared to be suitable for the intended numb
and on/off cycling rate by the manufacturer of the automatic shut-off valve — it shall &
that atleast once per hour atleast one burner per zone is bishing for at least 10 s to prov
of any unintended release of fuel without causing a hazard (e.g. deflagration);

with regenerative burners equipped with two automatic shut-off valves that close simt
and provided the automatic shut-off valves are.déclared to be suitable for the intended
cycles and on/off cycling rate by the manufacturer of the automatic shut-off valve;

when restarting a radiant tube burner after shut-down for control purpose provided
tube is resistant to explosion and the burner is equipped with two automatic shut-off
close simultaneously and that the radiant tube burner is equipped with an ignition devic
to 4.2.5.3.

t without pre-purge is pertiitted before lock-out after a flame failure, if:
each burner has an autematic burner control system according to 4.2.6, and

the exhaust system’dilutes the ignitable fuel-air-mixture inside the exhaust system b
of the LFL or theradiant tube, the burner and the connection to the exhaust are desig
maximum pfessure increase that is possible during ignition, and

the gassupply to each radiant tube burner is equipped with automatic shut-off valve a
4.2.2.6.

4.2

br to be re-
1 release of

fuel through other burners that are not in operation without causing a hazard (e’g. deflagration);

hnd a valve

eously and
er of cycles
e ensured,
de ignition

Itaneously
number of

he radiant
valves that
e according

he case of a flame failure of ene.burner out of a group of radiant tube burners, maximum of one re-

elow 25 %
hed for the

ccording to

7.2, Start-up of the fuel cupply

Start-up of the fuel supply shall be possible only when:

4.2,

the installed air and fuel gas proving devices (e.g. air flow, gas pressure) have been
ensure that they are in the correct operating condition for start-up, and

checked to

all relevant interlocks (e.g. burner(s) position, valve(s) position, flue damper(s)) have been proved to

be in the correct position.

7.3 Start fuel flow rate

The energy released during the start-up of the burner(s) shall be limited so that the maximum pressure
rise from ignition shall not cause any damage to the TPE (see Table 1, Table 2 and Table 3).
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The start fuel flow rate shall be controlled by control and/or a protective system according to ISO 13577-4
based on the outcome of the risk assessment.

Where the burner is ignited manually (e.g. by means of a lighting torch) and has a burner input rate in
excess of 70 kW, it shall be equipped with a means of limiting the start-up gas flow.

4.2.7.4 Ignition

The ignition process shall be initiated immediately after the conclusion of the pre-purging stage or
within a time to be specified in the instruction handbook.

Where the[main burner is ignited by means of a pilot burner, the gas supply to the main burner shall be
shut off during the pre-purge and ignition of the pilot burner. The automatic shut-off valve(s) of themain
burner shalll open only when the pilot burner flame has been proved.

NOTE here air enriched with oxygen or oxygen alone is the oxidising agent for the combustion of a|gas,

(commonly kalled oxy/fuel firing), then the ignition procedures and times for such systems may require spefific
additional design attention to ensure the equivalent levels of safety.

4.2.7.5 aximum safety times for natural draught burners

The safety[time and total closing time for natural draught burners shall not exceed the values givep in
Table 1 and Table 2.

Tabre 1 — Maximum safety times for natural draught burners operating in open air

Burner input rate Safety time Total closing time
kW S S
1) Thermgelectric flame supervision device
up to and ifpcluding 70 60 45
2) Flame gupervision device other than thermoelectric
up to and ijcluding 70 10 10
above 70 up to and including 360 10 3
above 360 3 5

a  Ignitionfat a rate of 33 % of the burnerinput rating with a maximum of 360 kW.

Table|2 — Maximum Safety times for natural draught burners operating in combustion

chamber
Burner iriput rate Safety time Total closing time

kW S s
1) Thermgélectric flame supervision device
up to and including 2,5 60 45
2) Flame supervision device other than thermoelectric
up to and including 70 10 10
above 70 up to and including 360 10 3
above 360 2 5 3

a  Ignition at a rate of 33 % of the burner input rating with a maximum of 360 kW.

4.2.7.6 Maximum safety times for forced and induced draught burners

The maximum start gas rate and the corresponding safety time for forced and induced draught burners
shall not exceed the values given in Table 3.
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Burner start-up shall be achieved in accordance with one of the following methods:

direct ignition of the main burner at full rate (see Table 3, Column 2) or

direct ignition of the main burner at reduced rate e.g. by using slow opening valve; (see Table 3,
Column 3) or

direct ignition of the main burner at reduced rate with by-pass start gas supply to the burner or two
step automatic shut-off valve; (see Table 3, Column 4) or

ignition of the main burner by means of an independent pilot burner; (see Table 3, Column 5).

For|methods of burner start-up, see Annex D.
Table 3 — Maximum safety times for forced and induced draught burners
1 2 3 4 5
Direct main Direct main Direct main Main burner ignition with independ-
burner ignition at | burner ignition | burner ignition at ent pilot burner
full rate atreduced rate reduced rate
with slow opening | with by-pass start gas |Pilot burner igni- |Main bpirner igni-
valves supply fion tion
(QsT=<0,1 x QF max)
Rate Safety time Safety time Rate | Safetytime | Firstsafety time Seco n.d safety
fime
QF max ts ts Qst ts ts1 ¢
S2
kW, s s kW s s s
<70 5 5 <70 5 5
o <70 5
>
<1b0 3 3 > 70 3 5 3
<120
<70 5 3
with slpw opening
> 1b0 not allowed Valves
<3 ;0 exceptas 3 >70 | tsx Qs<100 5 or
described below: <360 |(max.ts=3s) e x |05 < 150
(may.ts=35s)
not alléwed not allowed <70 5 5 (@st =70 KW) ts x |0 < 150
> 360 except as exceptas ts x Qs < 100
described below | described below | >70 (max. ts = 3 s) 3 (@sT>70 KW) (may. ts=3s)
QF pax 3¢maXimum main burner input rate in kilowatts
Qst|="startinput rate in kilowatts
Qs = maximum start input rate expressed as a percentage of QF max (Qs = @sT/QF max)
ts = safety time in seconds

Higher start gas rates than those specified in Table 3 may be achieved at the end of the safety time
provided that it is proved that the total amount of energy released in the combustion chamber during
the safety time is not greater than the energy release calculated by multiplying the values of maximum
start gas heat input and safety time given by Table 3.

Only if required for process reasons or special cases of equipment construction and if the above
mentioned ignition safety times cannot be used, the function and values of the ignition safety time may
differ from those given in Table 3 provided the safety of the TPE is not endangered. In any case the safety
time shall not exceed 10 s.
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Where for process reasons, burners with a nominal input exceeding 120 kW are ignited directly at full
rate or burners with a nominal input exceeding 360 KW are ignited directly at reduced rate using slow
opening valves the combustion chamber/process chamber, flue ways and pipework shall be designed to
take account of the maximum pressure rise.

In the case of long cross-ignited burners, an extension of the safety time by 1,5 s/metre of burner length,
with a maximum of 10 s is acceptable providing the flame is monitored at the end of the burner remote

from the source of ignition and safe ignition always takes place.

4.2.7.7 Flame failure on start-up

In the eve

that flame failure occurs during the safety time, the burner shall go to lock-out. However

cycling is apceptable providing equipment safety is not compromised (e.g. atmosphere in the combus
chamber dpes not exceed 25 % of LFL). The number of re-cycles shall not exceed two. The'rie-cycl

function s
flame sign

The condit
the instrud

all meet the requirements of a protective system according to ISO 13577-4. If.there iJ
1 at the end of these re-cycles, the failing burner shall go to lock-out.

ons of and the time period between recycle and the number of re-cycles shall be specifie]
tion handbook.

4.2.7.8 Flame failure during operation

re-
fion
e(s)

no

d in

In the evenlt of flame failure during operation the burner shall go to lo€krout. However, safety shut-dgwn

and recycl
combustio
a protectiv
failing bur

Not more
instructior

The total g
and if the
exceed 5 s.

ng are acceptable providing equipment safety is not compromised (e.g. atmosphere in
h chamber does not exceed 25 % of LFL). The re-cycle function shall meet the requirement
e system according to [SO 13577-4. If there is no a flame signal at the end of this re-cycle
her shall go to lock-out.

than one re-cycle shall be permitted, the ¢onditions for which shall be specified in
handbook.

losing time shall not exceed 3 s. However, in cases where there is no recycle without pt
LFL-level in the combustion chamber does not exceed 25 %, the total closing time shall

The TPE shall be designed such thata:recycle of a single burner system requires a complete rec

including
4.3 Liqu
4.3.1 Lig

43.11 G

The pipew

re-purge.
id fuels
uid fuel pipework

eneral

brk.design shall take into account the composition and properties of the liquid fuel and

the
s of
the

the

rge
not

ycle
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need for v
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The pipework material shall comply with the relevant standards.

For durability, steel is the preferred material for pipes and components but where appropriate and the
same safety levels can be achieved then other materials can be utilized. Such materials and conditions
of service shall be specified in the instruction handbook.

Oscillations which could cause damage to the pipework, components, safety systems shall be prevented
(e.g. by firm anchoring, use of flexible coupling).

Where excessive pressure can occur in the pipework due to thermal expansion of the liquid fuel, means
of pressure relief shall be provided.
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4.3.1.2 Connections

Liquid fuel pipework connections shall be of threaded, compression, flanged or welded types. Other
types of connections, such as couplings for removable equipment, shall ensure a liquid tight connection
with the equipment connected and disconnected. Threaded connections shall be used only for the
following combinations:

— pressures up to 1 MPa;

— temperatures up to 130 °C;

I 4 IR % N e Y =
— UldIicicl S up tU UIN 4 9.

Threaded connections may be used for higher pressures and temperatures where“the fonnection
is specifically designed to operate under those conditions without creating a risk./In thjs case the
conpection ratings for pressure and temperature shall be specified in the instruction handbpok.

Compression connections shall comply with [SO 8434-1, ISO 8434-2 and 1SO 8434-3 and [S0[19879 and
only for the following combinations:

— |pressures up to 4 MPa;
— |diameters up to DN 32.

For|other combinations of pressures and diameters, connectiongs shall be by means of welded flanges or
welded joints. The number of connections shall be kept to.a minimum.

Where the equipment has a threaded connection, thisthread shall comply with ISO 228-1 ot ISO 7-1 as
appjropriate. In the case of parallel threads, care shall'be taken to ensure an adequate seal.

Othler threaded connections may only be used.providing they ensure tight connections and dre suitably
identified.

The design of pipework shall be such asto.avoid tensile loading of the joints.
Soldler with a melting point below 450 °C and adhesives shall not be used.
Any pipe passing through an unventilated space shall not have a connection except welded jpints.
Flamges shall comply with ISO 7005-1, ISO 7005-2 and ISO 7005-3, as appropriate.
Arc|welding shall comply with ISO 5817, quality level C.

Sperial requireménts for liquefied petroleum gas in the liquid phase shall be considered.

4.311.3 Unconnected pipework

Anyf un€onnected live pipework shall be plugged, capped or blank flanged by means of metallic parts.

4.3.1.4 Flexible tubing and couplings

Flexible tubing shall comply with the general requirements of 4.3.1.1, together with the following:
— shall be as short as practical;

— shall be suitable for the maximum and minimum operating temperatures;

— shall be suitable for a pressure 1,5 times the maximum operating pressure (with a minimum of
100 kPa), at the maximum and minimum operating temperatures;

— shall have a directly accessible, upstream manual shut-off valve;

— shall be mounted in such a way as to avoid distortion, whiplash and damage;
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ave end fittings as integral parts of the tubing;

application duty and not be easily damaged.

shall be constructed from suitable material both metallic and/or non-metallic selected for the

Couplings for removable equipment shall ensure a tight connection with the equipment connected and
disconnected.

4.3.1.5 Marking

The pipework shall be identified with respect to the liquid fuel being carried.

NOTE I

43.1.6 S
The liquid

After asser
test pressu

Suitable m
Instructioy
handbook
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their oper3

The extern
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leakage sh

4.3.1.7 F

Where the
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maximum

The trace h
case of vap
and shut-o

4.3.1.8 B

By-passes
stand-by sJ

Lientification of fuel pipework is dealt with by national regulations.

pundness/tightness
fuel pipework shall be tight and shall be designed to withstand the internal-pressure.

hbly, the liquid fuel circuit shall be submitted to its test pressure and tested for tightness.
re shall be not less than 1,5 times the maximum working pressure-at.any point.

pthods for checking the leak tightness are e.g. visible leak, pressure decay monitoring,
|s concerning the methods and frequency of testing shall¢be specified in the instruc
see 6.3.3).

tion at the correct pressure.

al leakage rate shall not give rise to a dangerous condition, flammable and/or toxic, in
rcumstances of the equipment installation. The'frequency of testing to determine the exte
1l be specified in the instruction handbook.

uel pipe heating

liquid fuel pipe needs to be heated and insulated to maintain the required temperat
shall be provided to prevent the temperature and/or pressure of the fuel exceeding
design values.

f valves.

y-passes

bhall not be fitted in parallel with any automatic shut-off valve except where the by-pass
stém'equipped with an automatic shut-off valve.

to the pressure test on the pipework, all the pressure relief valves shall be tested to ens

eating system shall include all equipment, such as regulating and shut-off mechanisms. Inj
our or liquid heating) the heating system shall be provided with suitable condensate out

The

etc.
fion

ure

the
‘nal

Lure,
the

the
lets

isa

4.3.1.9 Purge points

Means shall be provided to purge gases safely from the liquid fuel system. The venting of the gases shall

take into ac

— risk of

avoida

avoida

20

count, in particular:
combustion;
nce of recirculation into the combustion chamber;

nce of introduction into drains and pits;

specific gravity of the gas.
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4.3.1.10 Equipment supplied with different liquid fuels

Where a burner is intended for use with more than one liquid fuel, means shall be provided to ensure
that the supply pipework of the fuel not being fired is positively isolated (e.g. by physical blank or
disconnection).

4.3.2 Required safety devices

4.3.2.1 Manual isolating valve

A npamuatty operatedisotationr vatve strattbefittedupstreamrof the first controtdevice i tig liquid fuel
cirduit. Manual isolation valves shall be so designed or positioned as to prevent inadventent operation
butfshall be easily accessible and capable of rapid operation when required.

They shall be so designed that the “OPEN” and “CLOSED” positions are readily distinguishablg (e.g.a 90°
turn valve if applicable and available).

4.3]2.2 Filter/strainer

Sperial care shall be taken to prevent the ingress of particles, either from’'the pipework or from the liquid
fuel, which would be detrimental to the operation of the equipment by the incorporation of a suitable
filtgr or strainer immediately downstream of the first manualsolating valve of the TPE.|Additional
filtgrs/strainers shall be required (e.g. immediately upstream efthe automatic shut-off valve). The filter
andl/or the strainer shall be positioned in such a way that periodic servicing can be carried qut easily.

In the event of the installation of a by-pass to the filter,ahd/or the strainer, an identical filtefing device
shall be installed on the by-pass line.

Filter and/or the strainer shall be checked at intervals specified in the instruction handbooK.

4.312.3 Pressure relief valve
Where required, the fuel circuit shalt be fitted with calibrated pressure relief valves.

NOTE When two valves close simultaneously the pressure in between can rise behind safety levgl.

4.3{2.4 Liquid fuel pressure regulator

Aliquid fuel pressurexegulator shall be incorporated where this is necessary for control of thie flow rate.

4.312.5 PressureTegulation of auxiliary fluids

For|auxiliary.fluids (e.g. compressed air, steam) automatically operating pressure regulatdrs shall be
insflallediwhere this is necessary for control of the burner system.

4_ 3 2 & ILicgiid ol avacciixa n ook o
DT LIuIaTaCT pPpreosSurCTprotCeTauUlr

High and low fuel pressure detectors shall be fitted in the case of all low-temperature equipment where
operation within presetpressurelimitsis essential in ensuringthe correctflow and atomising conditions.
Deviation outside of these limits shall prevent start-up or cause safety shut-down. This function shall
meet the requirements of a protective system according to ISO 13577-4.

Pressure detectors shall comply with IEC 60730-2-6 or shall be evaluated to ensure appropriate reaction
time and accuracy.
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4.3.2.7 Liquid fuel temperature protection

High and low fuel temperature detectors shall be fitted in the case of all low-temperature equipment
where operation within pre-set temperature limits is essential in ensuring the correct flow and
atomising conditions. Deviation outside of these limits shall prevent start-up or cause safety shut-down.

This function shall meet the requirements of a protective system according to ISO 13577-4.

4.3.2.8 Automatic shut-off valves

The liquid fuel distribution circuit shall be under the control of two automatic shut-off valves. Automatic
shut-off valves shall comply with ISO 23553-1.

In the evernt of damage, failure of the electricity supply or actuating fluid, the automatic shutzotf valves
shall shut off the fuel supply to the burner(s).

Automatic [shut-off valve shall be capable of withstanding all backpressure and différential presqure
under all p'[ocess circumstances.

High cycling applications over 100 000 cycles/year (e.g. pulse firing, regenerative burners) shallfuse
only valveg that are declared capable of an intended number of cycles. The itistruction handbook shall
specify thg need to check valves for correct operation, the procedure to be-adopted and the intervals at
which this[should be carried out.

The instru¢tion handbook shall specify the need to check automatic shut-off valves for correct operatfion,

the procedure to be adopted and the intervals at which this shquld-be carried out and the requireménts

for replacement. A means to permit the operator to determine when automatic shut-off valves reqpire

replaceme]:t shall be supplied.
I

NOTE is commonly agreed that valves should be tested annually unless longer testing intervals cah be
justified by fthe risk analysis.

All system$ shall have the ability for manual leak testing of the automatic shut-off valve.

The automptic shut-off valves shall not opefi or shall shut off the fuel to the burner when the limit offany
safety condlition is reached. In this case, the relevant automatic shut-off valves shall be de-energised by
a protective system according to IS0 18577-4.

NOTE xamples for safety related’/conditions to be considered are (but not limited to): minimum anl/or
maximum ljquid fuel flow, minimum/and/or maximum liquid fuel pressure, minimum and/or maximum air fllow,
minimum apd/or maximum air.pressure, failure of power supply and/or other utilities (e.g. compressed air, ste?m),
failure of hgat transfer fluid,fiime extraction malfunction, minimum and/or maximum operation temperature,
minimum ahd/or maximunicombustion chamber pressure, flame failure, incorrect air gas ratio as referrgd in
4.3.3.3.

It shall only be possible to manually reset (locally or remotely) the lock out of a closed automatic shut-off
valve.

: PRI I U | laoll &1 1oes £4 & PR MY - A | P
Flame failureot processtontrorsmutaowirsiTar causSe Tt CrosSMg or two autonatic St oIt varves plped

in series exceptin the following cases where closing a single individual burner shut-off valve is sufficient:
— in case of high-temperature equipment;

— incase of burner equipped with individual positive displacement pump, when the pump is off at the
same time as the automatic shut-off valve.

Single automatic shut-off valve shall be fitted with a device proving that the valve is in closed position in
a case of a shut-down and creates an alarm and prevents a re-start.
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4.3.2.9 Automatic shut-off valves for multiple burners

Where individual burners are equipped with automatic shut-off valves, such valves shall comply with
[SO 23553-1, if technically applicable, and their operation shall not adversely affect the safe operation of
the remaining burners.

Where 4.3.2.8 requires two automatic shut-off valves, it is permissible for an individual burner to be
shut down by a single automatic shut-off valve in the event of flame failure or for process reasons (e.g.
thermal input) providing it is a high-temperature equipment.

4.3.2.10 Individual manual shut-off valves for multiple burners

For|multiple burners which are independently ignited, each individual burner shall be\fifted with a
manual shut-off valve.

If fited, the operation of the manual shut-off valve(s) shall not adversely affect the’safety of the system
(e.g} the atomizing fluid valve shall be proven open prior to the introduction ofliquid fuel).

4.3{3 Combustion air and air/fuel ratio

4.3{3.1 Combustion air system
The pipework design shall take into account the properties of‘combustion air.

Allnanual control devices (registers, valves, etc.) for the ait:shall be setin their pre-determinegd positions
and| protected against inadvertent movement.

The location of the combustion air intake shall bevsuch as to prevent entry of flue prodiicts unless
proyided by the design [e.g. for reduction of emission of nitrogen oxides (NOy)].

Theg combustion air system shall be designed in a manner that prevents the back-flow |of furnace
atnmosphere and/or flue gases through combustion equipment.

The air circuit shall be designed so &s to avoid oscillations that are potentially dangerous.

The ventilation of the building«and TPE shall be such as to allow an adequate supply of prodess air and
conjbustion air to reach the Bupner(s)/TPE under all conditions.

4.3{3.2 Air flow andpressure detectors

TPH fitted with forced or induced draught burner(s) shall be fitted with devices for proving aflequate air
flow during thedgnition and operation of the burner.

Air [flow failure at any time during the pre-purge, ignition or operation of the burner shall chuse safety
shuf-dowmn and shall cause a lockout. This function shall meet the requirements of a protecfive system
accprding to ISO 13577-4.

The air-proving device shall be checked in the “no flow” state prior to start-up [e.g. by stopping the
combustion air supply or by interrupting the air signal to the device(s) in such a way as to simulate
stopping the combustion air supply]. Failure to prove the device in the “no flow” condition shall prevent
start-up.

Air flow shall be monitored:
— by pressure detectors or
— by flow detectors.

It shall be shown that any of these devices provide satisfactory and reliable proof of the flow for all
operating conditions.
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Air pressure detectors shall comply with IEC 60730-2-6 or shall be evaluated to ensure appropriate
reaction time and accuracy. They shall be suitable for the number of operations foreseeable for the
application.

4.3.3.3 Air/fuel ratio

The air mass flow shall always be in a ratio with the fuel mass flow in order to ensure safe ignition
and that throughout the operating range, a stable and safe combustion is maintained at each individual
burner. The ratio needs not be the same value at all operational conditions.

If the variation of pressure and /or temperature of air and fuel does not affect the safetv and combustion
stability, then correction for pressure or temperature is not required.

Electronic fuel/air ratio controls shall comply with ISO 23552-1 if applicable.

To ensure their reliability, air/fuel ratio controllers shall be used in conditions (temperature, presspre,
flow rate) for which they have been designed. These conditions and instructions for4naintenance shall
be specified in the instruction handbook.

In case othler methods/technologies are used for the ratio control and depending/on the combustior air
and liquid fuel properties, additional protective measures shall be applied according to the results of the
risk assessment (e.g. air/fuel ratio monitoring by protective system according to ISO 13577-4),

4.3.4 Liquid fuel atomisation

Burners for liquid fuels shall be equipped where applicable with\fuel atomizing systems to permit their
correct compbustion.

Measures ghall be taken to prevent the liquid fuel from entering the atomizing fluid pipe and vice versa.
If the atomlizing fluid is a combustible gas, then the reg@irements of the relevant subclauses of 4.2 shall

apply.
4.3.5 Bufners

4.3.5.1 Main burners

All burnerg shall be suitable for the working conditions and shall provide operating safety for:
— the fugls used (type, pressure, etc.);

— the operating conditions (pressure, temperature, atmosphere, etc.);

— the nominal inputiate and range of regulation (maximum and minimum capacity);

— ease of visualimonitoring (sight glasses, sight holes, etc.).

4.3.5.2 Ignitien-system

For safety requirements, pilot burner(s) shall be treated as main burners and this part of ISO 13577 shall
apply.

Any direct ignition device or combination of the ignition device and the pilot burner in automatic
installations shall form an integral part of the main burner system.

In the case of installations for controlled manual operation, the ignition assembly shall be capable of
being mounted on the main burner in one way only and in such a way that it occupies a fixed position
with respect to the burner to be ignited.

The construction and location of any pilot burner shall be such that, under all operating conditions, the
ignition flame remains stable and of such a shape that the main flame is ignited.
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The ignition device shall be reliable and of sufficient capacity, so that immediate, low noise and smooth

igni

tion is obtained.

Where use is made of a portable pilot burner or ignition device:

— the pilot burner or ignition device shall be capable of being fitted in one way only — if necessary the

correct position shall be monitored;

— the connections for fuel, air, ignition energy shall be so designed that a reliable link-up is obtained,

If th

and errors of fitting of connections are avoided.
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5.3 Permanent pilots

ere used, a permanent pilot(s) shall be supplied with a clean fuel (e.g. natural gas, LPQ
stant quality and be fitted with automatic burner control systems. Thisrautomatic bur
ems may be the automatic burner control systems of the ignited main burner, when the s

5.4 Burner capacity control

y combustion system, the turndown ratio shall be such that the burner(s) is/are fully §

5.5 Flue gas venting
e gases shall be vented in a safe way.

with a closed combustion chamber or eombustion chamber with at least three surrour
1 be equipped with a flue system. The ‘eross sectional area of the flue system has to be
rding to the volume, the pressure.and the temperature of the flue gases (products of c
bss air and process emissions).

guately reduced by the inherently safe design or mechanical design, the system shall be
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he event of a failuge in’ the flue venting. This function shall meet the requirements of a
em according to-1S0"13577-4.

a1l TPE equigment burners supplied without a flue system, the combustion products shall
y from the/workplace. The instruction handbook shall refer to the need for sufficient
ire the correct air quality for the operator.

E EN 525 gives useful information on maintaining the air quality in workshops

protective

be directed
venting to

4.3.

4.3.

6 Automatic burner control systems

6.1 General

The main flame and, if applicable, the pilot burner flame shall be supervised by means of an automatic
burner control system complying with IEC 60730-2-5. Exceptions are only permitted when specified in
this part of ISO 13577 (e.g. see 4.3.6.2 and 4.3.6.3).

For systems where the pilot burner remains in use during main burner operation, separate flame
detector devices to supervise the pilot and main flames shall be fitted. The main flame detector device
shall be so positioned that it cannot in any circumstances detect the pilot flame.
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Where the pilot burner and the main burner are each provided with their own flame detector device,
the pilot flame shall not influence the response of the main flame sensor. A single flame detector device
shall be sufficient:

— for systems where the pilot flame is extinguished during main burner operation;

— for any metallic fuel fired radiant tubes, explosion resistance and equipped with a burner fitted
with permanent pilot burner.

Where fitted, flame detector device shall be unresponsive to unintended radiation.

If nccessapforprocessreasotsthecharacteristiesof the-systenrmay-differfrow ments
specified i ISO 23553-1 providing the levels of safety and reliability are not reduced.
Where a bprner is required to fire continuously for periods in excess of 24 h, the automatic bugner

control sygtem shall be designed for continuous operation.

ion of a flame when there should not be a flame or a defect of the automdtic burner conitrol
he protective system shall result into lock-out.

The detect
system or {

4.3.6.2 Low-temperature equipment

rature equipment fitted with a single burner shall be equipped with an automatic bugner

tem in accordance with 4.3.6.1.

Low-tempe
control sy§
For low-temperature multiple burner equipment, each burner shall be equipped with an automjatic
burner control system.

the burners maybe equipped with an automatic burner control system operating continuofpisly
hat the burners guarantee stable combustion-throughout the range of regulation, are on|the
same air/fyiel ratio control system and are arranged adjacent and in such a way that, if one of them is
extinguishpd, it is re-ignited quickly and smoothly by the flame from the next burner. This procedure
shall not apply to burners controlled by “on/off’(systems.

Only one of
provided t

4.3.6.3 High-temperature equipment

During hig|
falls belowj
over to fla

h-temperature operation,the temperature shall be monitored. In the event the temperat
the limit, the control system shall automatically shut off the liquid fuel supply or shall swj
me supervision by means of an automatic burner control system according to 4.3.6.1. ]

ure
itch
[his

function sHall meet the requirements of a protective system according to ISO 13577-4.

rature limit fofhigh-temperature operation shall not be less than 750 °C and the temperafure

fected at the'€oldest point.

The tempe
shall be de

side
ced.

NOTE 4
the tube an
This tempe

\t radiantitbe burner systems, the ignition point is inside the radiant tube. The temperature inl
l priopto ignition may well be much lower than in the chamber in which the radiant tube is pla
ature difference has to be taken into consideration when designing.

During start-up period, flame supervision, either by means of an automatic burner control system or by
the operator, shall be provided when the combustion chamber wall temperature is below the temperature
limit for high-temperature operation. For TPE intended to be started more than 4 times a year, flame
supervision below 750 °C shall be by means of an automatic burner control system. Additional burners
that operate during high-temperature operation without flame supervision shall be isolated from the
liquid fuel supply by two automatic shut-off valves until the temperature is above the limit for high-
temperature operation. This function shall meet the requirements of a protective system according to
ISO 13577-4.

The high-temperature operation, the method/procedure for flame supervision during start-up period
and switch over to high-temperature shall be described in the instruction handbook.
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4.3.7 Start-up of the heating system and burner ignition

4.3.7.1 Pre-purging of the combustion chamber

Except where specified below, start-up or restart after a lock-out shall not be initiated until adequate
steps have been taken to ensure that no combustible mixture is present in the combustion/processing
chamber, connected spaces and flue products evacuation circuit (heat exchangers, dust extractors). This
condition shall be achieved by means of a period of pre-purging immediately prior to ignition or within

a time to be specified in the instruction handbook.

Th

pre-purge time shall be such as to ensure that the concentration of any combustible

roducts in

any

Flanmable Limit of the liquid fuel; this being calculated with the combustion chamber

cha
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suff
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mef
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In n

part of the combustion chamber/processing chamber and flue duct is below 25 % 'bf

mber and the flue duct assumed as being initially 100 % filled with flammable gases.

E
purge.

Fuel oil can collect and remain in liquid state until vaporized thereby extending the time

ice. The air flow rate used for a pre-purge shall be atleast 50 % of the:smaximum combust
. In the case of natural draught, the condition to achieve the aboye\requirements shall bg
instruction handbook.

pre-purge time and purge procedure and or methodolpgy shall be specified in the
dbook.

system for ensuring correct pre-purge time ang, the airflow shall meet the require
Lective system according to ISO 13577-4.

en the combustion chamber is proved to bgjat a temperature above 750 °C (as define
perature equipment) pre-purge may be omitted.

t or non-flammable gases shall be uséd instead of air if required by the equipment or pro
hods of ensuring that the combustion chamber and connected spaces do not contain
bs can be utilized providing that'the equivalent level of safety is achieved.

tart after a lock-out condition' shall commence with a pre-purge.
hultiple burner equipment a single burner may be started without pre-purge in the follov

when restarting-a.burner after shut-down for control purpose where the burner is fitt
independently supervised permanent or alternating pilot;

when one ‘0r'more burners remain alight in the same combustion chamber of the burn
ignitedand the burner(s) remaining in operation shall provide ignition of any unintende

the Lower
[processing

required for

eneral, five complete air changes of the combustion chamber/processing'‘chamber and flde duct will

on air flow
defined in

nstruction
ments of a
d for high-
cess. Other

flammable

ing cases:

ed with an

br to be re-
l release of

fue] through other burners that are not in operation without causing a hazard (e.g. deflagration);

where the burner is fitted with two automatic shut-off valves that close simultaneously

hnd a valve

proving is conducted at each burner start;

with pulse fired burners, equipped with two automatic shut-off valves that close simultaneously

and provided the automatic shut-off valves are declared to be suitable for the intended
cycles and on/off cycling rate by the manufacturer of the automatic shut-off valve;

number of

with regenerative burners equipped with two automatic shut-off valves that close simultaneously

and provided the automatic shut-off valves are declared to be suitable for the intended
cycles and on/off cycling rate by the manufacturer of the automatic shut-off valve;

number of

when restarting a radiant tube burner after shut-down for control purpose provided the radiant
tube is resistant to explosion and the burners is equipped with two automatic shut-off valves that
close simultaneously and that the radiant tube burner is equipped with an ignition device according

to 4.3.5.3.
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In the case of a flame failure of one burner of a group of radiant tube burners, a maximum of one re-start

without pre-purge is permitted before lock-out after a flame failure, if:

— each burner has an automatic burner control system and

— the exhaust system dilutes the ignitable fuel-air-mixture inside the exhaust system below 25 %

of the LFL or the radiant tube, the burner and the connection to the exhaust are designed for
maximum pressure increase that is possible during ignition and

the

— the liquid fuel supply to each radiant tube burner is equipped with an automatic shut-off valve

complying with ISO 23553-1.

4.3.7.2 Start-up of the fuel supply
Start-up of|the fuel supply and burner(s) shall be possible only when:

— theingtalled air and liquid fuel proving devices (e.g. air flow, fuel pressure, atomizing fluid press
when fequired) have been checked to ensure that they are in the correct operating condition

— allrelgvant interlocks [e.g. burner(s) position, valve(s) position, flue damp€r(s)] have been prove
be in the correct position.

4.3.7.3 Skart fuel flow rate

The energy released during the start-up of the burners(s) shall-be limited and the maximum presg
rise from al delayed ignition shall not cause any damage to the;TPE (see Table 4).

The startfiel flow rate shall be controlled by control and/er aprotective system according to ISO 1357
based on the outcome of the risk assessment.

process shall be initiated immgdiately or within the time to be specified in the instruc
handbook after the conclusion of the pre-purging stage.

Where the main burnerisignited by means of a pilot burner, the liquid fuel supply to the main burners

ure
for

d to

ure

7-4

Fion

hall

be shut offl[during ignition of the pilét burner. The burner input rating shall be such that the maxinjum

pressure i) the combustion chamber/processing chamber and in the flue ways does not create a haz

ard

and hazardous situations in‘the pipework are prevented. The automatic shut-off valve(s) of the npain

burner shalll be opened only-when the pilot burner flame has been proved.

Where air [enriched with oxygen or oxygen alone is the oxidising agent for the combustion of a f

uel,

(commonly called-oxy/fuel firing), then the ignition procedures and times for such systems requijires

specific adflitionahdesign attention to ensure the equivalent levels of safety.

4.3.7.5 Maximum cafnfy times

The ignition time shall not exceed the values given in Table 4.
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1 2 3 4
Heat inout Direct main burner igni- | Direct main burner ignition at Reduced rate Qs by
p tion at full rate reduced rate Qs pilot burner
. . tsmax in S tsmax in s
QF max in kW tsmax 1N S Qsmax in % Qsmax in %
<300 tsmax = 10 tsmax = 10 tsmax = 10
>300<1000 tsmax = 5 tsmax = 5 tsmax = 5
Us < TOUKW P
41000 <5000 not allowed Qsmax < 70 % Qs =1 0QQkW
t =5 tsmax= P
smax
< 0, < 0,
>5000 not allowed Qsmax < 35 % Qsihax <5 ) %
tsmax = 5 tsmax = P
Qs | =start heatinput expressed as a percentage of Qf max
Qsmhx = maximum start heat input expressed as a percentage of QF max
Qr njax = maximum heat input in kilowatts
tsmdx = maximum safety time in seconds

Only if required for process reasons or special cases of equipment construction and if}
meintioned ignition safety times cannot be used, the functiofiand values of the ignition safety
differ from those given in Table 4 provided the safety of the‘FPE is not endangered. In any cas
timp shall not exceed 10 s.

4.3

In the event of failure occurs during the safety‘time, the burner shall go to lock-out.

However, re-cycling is acceptable providing equipment safety is not compromised (e.g. LFL-
cony
the
cyc
the

4.3
In the event of flametailure during operation, the burner shall go to lock-out.

However, safety-shut-down is acceptable providing equipment safety is not compromised (e.
in the combustion chamber does not exceed 25 %). Not more than one re-cycle shall be per
condition-fer which shall be specified in the instruction handbook. If there is no flame signa
of t

The total closing time shall not exceed 3 s. However, in cases where there is no recycle wit

7.6 Flame failure on start-up

bustion chamber does not exceed:25 %). The conditions and the time delay between 1
lnumber of re-cycles, which shall'not exceed two, shall be specified in the instruction han
e(s) shall be controlled by a.protective system according to ISO 13577-4. If there is no flan
end of these re-cycles the(burner shall go to lock-out.

7.7 Flame failure during operation

histe-cycle, the failing burner shall go to lock-out.

the above
 time shall
e the safety

level in the
ecycle and
dbook. Re-
he signal at

b. LFL-level
mitted, the
at the end

out purge

and if the LFL-level in the combustion chamber does not exceed 25 % the total closing time shall not
exceed 5 s.

A recycle on a single burner system requires a complete recycle including pre-purge.

4.4 Multiple fuels

4.4.1 General

Equipment heated with multiple fuels may be fitted with burners supplied with two or more types of
fuel, i.e. gaseous, vapour, liquid, operating either simultaneously or separately.
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4.4.2 Fuel circuit

Each type of fuel shall be distributed to the burner(s) by means of an independent system. This system
shall be constructed in accordance with the requirements of 4.2 and 4.3 as appropriate.

In particular, each burner shall be fitted with automatic shut-off valves for each type of fuel. In addition,
the flame supervision system shall be chosen in such that it complies with the specifications appropriate
to the types of fuel used.

Means shall be provided to ensure that the supply pipework of each individual fuel can be positively
isolated from the other fuels whether or not non-return valves are fitted.

4.4.3 Combustion air supplies

It is acceptpble to use a common combustion air system for all fuels.

4.4.4 Operation of the safety devices

—

Where malfunctions that affect only one type of fuel occur, the individual safety-shut-off device relat
to that fuel shall close.

ng
Where a fyel supports the combustion of other fuels, the safety device ¢f the assisted fuel shall also
operate asfintended.

Simultanequs closure of the safety shut-off devices installed for eachitype of fuel shall be ensured urjder
all other cifcumstances given in 4.2.2.6 and 4.3.2.8.

4.4.5 Ail/fuel ratio

For each individual or combination of fuels, the requirements specified in 4.2.3.3 and 4.3.3.3 shall agjply.

The air/fuel ratio control function shall meet theTequirements of a protective system according to
ISO 135774 if applicable.

4.5 Oxygen or oxygen-enriched combustion air (OOECA)

4.5.1 Geheral

For the purpose of subclausé<4.5, oxygen or oxygen-enriched combustion air containing more than
25 % oxygen is named as.0xygen. The application of oxygen or oxygen-enriched combustion air ngeds
particular [consideration."Oxygen or oxygen-enriched air shall be released only when essential anfl in
a safe discharge areasThe hazards related to the use and handling of oxygen shall be specified in|the
instructior} handbdek.

4.5.2 Suitability for oxygen service

Due to the high ignition hazard of flammable material in contact with oxygen, all components coming
into contact with oxygen shall be prepared, cleaned and sufficiently free of flammable substances (e.g.
dust, grease, particulates) prior to start-up. They shall be suitable for oxygen service.

4.5.3 Sealing materials for oxygen pipework

Sealing materials shall be suitable for application at the particular pressure levels, installation methods
and operating temperatures and shall meet the safety requirements.

Suitable metallic sealing materials for oxygen pipework are those indicated in Table 6, Column 2.
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4.5.4 Pipework

The design and material of pipework and their equipment and connections shall be suitable for oxygen
and the intended pressures, velocities and temperatures.

Suitable materials for pipework are those indicated in Table 6.

In case carbon steel or low-alloyed steel is used right angle impingement of gaseous oxygen onto the pipe
walls shall be avoided and the minimum bending radius shall be at least 5 times of its piping diameters.

Depending on the operating pressure the flow velocity shall be limited due to possible presence of

. I e Q 4
pargreuratessee o

NOTE Reference [19] provides guidance on suitability assessments.
A manually operated isolation valve shall be fitted at the inlet of the TPE’s oxygen pipe system.

Filter(s) shall be fitted at the inlet of the oxygen pipe systems to prevent ingress of partidqulates (e.g.
rusg).

4.5]5 Pipes velocities

Velgcities for temperature between -10 °C and +200 °C shall not.exeeed the values specified jn Table 5.

Table 5 — Pipe velocities for oxygen

Pressure Velocity

A) [for carbon and stainless steels piping and impinging flow

0,3|MPa (abs) < P < 1,5 MPa (abs) 30 m/s
1,5[MPa (abs) < P < 10 MPa (abs) P xV=45MPaxm/s
10 MPa (abs) < P < 20 MPa (abs) 4,5m/s

B) |for carbon and stainless steels piping-and non-impinging flow

0,3|MPa (abs) < P < 1,5 MPa (abs) 60 m/s
1,5[MPa (abs) < P < 10 MPa (abs) P x V=80 MPa x m/s
10 MPa (abs) < P < 20 MPa (alis) 8 m/s

C) |for copper, nickel, and'copper/nickel alloys piping

up to 6,5 MPa | no velocity limit

For|piping afterpressure reducing or control valves, the velocity for impinging flow shall pe applied.
If the velocityfor impinging flow is exceeded, the pipe shall be straight for a minimum length of 8 pipe
eterstand fabricated from stainless steel [wall thickness shall be = 3,18 mm (=1/8 inch)], copper,
niclel ar Cu/Ni alloys.

For 1s shall not

apply. In this case, the limits of use are to be specified in the instruction handbook.

4.5.6 Fittings

The design and material of fittings for gaseous oxygen such as automatic shut-off valves, control devices
and non-return valves shall be suitable for oxygen at the intended pressures and temperatures.

Suitable materials for housings and built-in parts of fittings and their sealing materials are those
indicated in Table 6.

Fittings for gaseous oxygen at an operating temperature exceeding 200 °C or below -10 °C shall be made
of materials which are suitable for these conditions.
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4.5.7 Blow off and venting lines

Oxygen line shall be vented to an area where the release of oxygen will not create a hazard.

4.5.8 Flexible tubing and couplings
Hoses, flexible pipes and connections shall be gas-tight.

Hoses and flexible pipes associated with manually operated torches shall be lockable in position by
means of fittings within the solidly laid piping. They shall be easily accessible.

Manual tolches shall be equipped with a flash back arrestor and a lockable manual shut-off,vhlve
upstream ¢f the hose.

4.5.9 Safety devices against gas backflow

For oxygen pipework connected to other fluids, it shall be ensured that back-flow cannot occur.

4.5.10 Saflety devices against oxygen backflow in mixture with other substances

If oxygen i mixed with other substances (e.g. fuel gas, air) it shall be ensured that back-flow cannot
occur.

4.5.11 Material requirements

Materialsin contact with oxygen shall be suitable for the intended-0perating pressures and temperatufres.
The installption method has to be selected to ensure that itwill be safe in oxygen service.

The materials indicated in Table 6 (depending on the mounting location and the pressure) are suitable
for use with oxygen or oxygen enriched combustion air.

Table 6 — Materials requirements

Pressure rgnge [MPa] Materials for housings, built-in components and seals

exceeding 4 copper, copper.alloys with a mass proportion of at least 55 %, nickel, nickel-
wrought alloys with copper

high-alley. Cr-Ni-steels with a mass proportion of Cr and Ni of a total of at least 22 %

higlr<alloy Cr-Si-steels with a mass proportion of Cr of atleast 22 %

Oupto4 copper, copper alloys with a mass proportion of copper of at least 55 %
high-alloy Cr-Ni-steels with a mass proportion of Cr and Ni of a total of at least 22 %

high-alloy Cr-Si-steels with a mass proportion of Cr of atleast 22 %

Oupto1,6 grey castiron, at least quality class GG 25, cast iron with nodular graphite, at least
quality class GGG 40
Ouptol metallic materials (except titanium, zirconium and their alloys)

Besides the metals indicated in Table 6, lead and tin may be used as metallic sealing materials for all
pressure ranges.

For gaseous oxygen at an operating temperature exceeding 200 °C or below -10 °C materials which are
suitable for these conditions shall be used.
5 Verification of the safety requirements and/or measures

Table 7 shall be used as a check list for manufacturers to prepare their own specific table of methods
used to verify that the safety requirements and measures described in Clause 4 are complied with and
contains references to the respective clauses of this part of ISO 13577.
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Table 7 — Verification of the safety requirements and/or measures

Clause Safety requirements and/or measures Visual Func- Measur- | Examina-
inspec- tional ing tion
tion test Note 3 in(ég 71;:aa‘/1\€u-
Note 1 Note 2 lations
Note 4
4.1 General
4.2 Gaseous fuels
4.211 Gas pipework N
42011 |Pipework X N x
4.211.2 Connections X n’(. 2 X
4.201.3 Unconnected pipework X /\' v X
4.211.4 Galvanic Cells X 0\<O X
4.211.5 Flexible tubing and couplings X A'\J X
4.2{1.6 Marking X Q%U
4.201.7 Soundness / Tightness (S\\\ X2
4.2)1.8 Condensate drains z@ - X
4.2119 Purge points Q\f(
4.2]1.10 Blow-off and breather pipes or conduits Ko\ X X
4.2]1.11-1 |Pressure relief devices on pipework \{\Q . X X1 X
4.211.11-2 |Flame arrestors on pipework ;Q\’\ X X
4.2]1.12  |Pressure oscillations ;‘\\Q)‘ X X
4.2]1.13 Equipment supplied with differen{@e; gases X X
4.211.14 By-pass x('\)j: ) X X
4.2)1.15 Isolation of required safet@vices X X
4.212 Required safety devi@\’ ‘
4.212.1 Manual isolatingy@\‘ X X
4.212.2 Filter/straineh\.'} X X
4.212.3 Gas press,g«@cygulator X X1 X
42[24  [Low gasprotection X X1 X
42[25  |High'gas protection X X1 X
4.212.6 w@?)matic shut-off valve X X1 X
4.212. ?"\Valve Proving X X1 X
4.2{2: ) Individual manual shut-off valves for burners X X
4.2.3 Combustion air and air/fuel ratio

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual study of the
delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.
“X” means test as described in this part of ISO 13577,

“X1” means functional test according to device manufactures specification,

“X2” means functional test as described in the instruction handbook.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components used the
specific requirements.
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Table 7 (continued)
Clause Safety requirements and/or measures Visual Func- Measur- | Examina-
inspec- tional ing tion
tion test Note 3 in;fs;iléaavlvc-u_
Note 1 Note 2 lations
Note 4
4.2.3.1 Combustion air system X X
4.2.3.2 Air and gas flow and pressure detectors X X1 X
4.2.3.3 Alr/ Tuelratio X X1/X2 X
4.2.4 Supply of pre-mixed fuel gas/air
4.2.41 Mixture pipework X X
4.2.4.2 Air and gas supply to the mixture circuit X X1/X2 X
4.2.5 Burners
4251 Main burners X X
4.2.5.2 Radiant Tube burner systems X X
4.2.5.3 Ignition device / pilot burner X X2 X
4.2.54 Burner capacity control X X2 X
4.2.5.5 Flue gas venting X X
4.2.6 Automatic burner control systems
4.2.6.1 General X X
4.2.6.2 Low-temperature equipment X X
4.2.6.3 High-temperature equipment X X2 X
4.2.6.4 Automatic burner control systems for burners X X
operating in the open air
4.2.7 Start-up of the heating system and/burner ignition
4.2.71 Pre-purging of the combustion chamber X2 X
4.2.7.2 Start-up of the fuel supply X X2 X
4.2.7.3 Start fuel flow rate X X2 X
4.2.74 Ignition X X2 X
4.2.7.5 Maximum safety‘times for natural draught burn- X X
ers
4.2.76 Maximum. saféety times for forced and induced X X
draughtburners
4.2.7.7 Flame’failure on start-up X2 X
4.2.7.8 Flame failure during operation X2 X
4.3 Liquid fuels

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual study of the
delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.
“X” means test as described in this part of ISO 13577,

“X1” means functional test according to device manufactures specification,

“X2” means functional test as described in the instruction handbook.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components used the
specific requirements.
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Table 7 (continued)
Clause Safety requirements and/or measures Visual Func- Measur- | Examina-
inspec- tional ing tion
tion test Note 3 in(;fs;h;:zvl\::-u-
Note 1 Note 2 lations
Note 4
4.3.1 Liquid fuel pipework
4311 General X X
4.3[1.2 Connections X o X
4.311.3 Unconnected pipework X (-\'\M X
4.3[1.4 Flexible tubing and couplings X n~( ;- X
4.3{1.5 Marking X A v X
4.3]1.6 Soundness / Tightness X20‘<Q\ X
4.301.7 Fuel pipe heating X . N~ X
4.3]1.8 By-passes X O)U X
4.3]1.9 Purge points X (}\\ X
4.3)1.10 Equipment supplied with different liquid fuels /& - X
4.312 Required safety devices QV
4.312.1 Manual isolating valve &0\ X X
4.312.2 Filter/strainer W< ) X X
4.312.3 Pressure relief valve Q\} X X2 X X
4.312.4 Liquid fuel pressure regulator ‘\\Q)‘ X X1/X2 X
4.312.5 Pressure regulation of auxiliary f.]&@l? X X2 X
4.3]2.6 Liquid fuel pressure protecti‘o&:»\‘l~ - X1 X
4.312.7 Liquid fuel temperature prot; \“Eion X2 X
4.32.8 Automatic shut-off Va‘l\\\%% . X X1 X
4.32.9 Automatic shut-off @}/‘és for multiple burners X X1 X
4.3)2.10 |Individual ma@é‘éhut-off valves for multiple X X
burners -
4.313 Combuﬂ@;ir and air fuel/ratio
4.313.1 Corp@}tfon air system X X
4.3]3.2 @m;/v and pressure detector X X1 X
43[3.3 JJAir/Fuel ratio X X1/X2
ﬁé_l-o/\\‘ Liquid fuel atomisation X X
4.3.5 = Burners

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual study of the
delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.
“X” means test as described in this part of ISO 13577,

“X1” means functional test according to device manufactures specification,

“X2” means functional test as described in the instruction handbook.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components used the
specific requirements.
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Table 7 (continued)
Clause Safety requirements and/or measures Visual Func- Measur- | Examina-
inspec- tional ing tion
tion test Note 3 inofs;h;:aavlvc-u_
Note1 | Note2 e
ations
Note 4
4351 Main burners X X
4.3.5.2 Ignition system X X2 X
4.3.5.3 Permanent pilots X X2 X
4.3.5.4 Burner capacity control X X2 (-\'Xw
4.3.5.5 Flue gas venting X (Y(. VX
4.3.6 Automatic burner control systems A’\’ v
4.3.6.1 General X ()SO\ X
D
4.3.6.2 Low-temperature equipment X PR N
4.3.6.3 High-temperature equipment X X2\O}J
4.3.7 Start-up of the heating system and burner ignition (_S\\\
4.3.71 Pre-purging of the combustion chamber /.\<( X2 X
4.3.7.2 Start-up of the fuel supply X Q\/ X2 X
4.3.7.3 Start fuel flow rate Q(b\.\ X2 X
4374  |lgnition X X2 X
4.3.7.5 Maximum safety times Q‘ > X X
4.3.7.6 Flame failure on start-up ‘\\Q)‘ X2 X
4.3.7.7 Flame failure during operation \Q\‘ X2 X
4.4 Multiple fuels o
N
4.4.1 General C) X X
4.4.2 Fuel circuit A X X
. . . N\
4.4.3 Combustion air supplies ,.O X X
4.4.4 Operation of the safetr-qMces X X2 X
4.4.5 Air/fuelratio 5~ X1/X2 X
4.5 Oxygen or oxyga;Qnriched combustion air (OOECA)
4.5.1 General &v X X
. 1N .
4.5.2 Sultabi@or oxygen service X X
4.5.3 Segéi@naterials for oxygen pipework X
4.5.4 Fipework X X
4.5.5 Pipes velocities X X

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual study of the
delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.
“X” means test as described in this part of ISO 13577,

“X1” means functional test according to device manufactures specification,

“X2” means functional test as described in the instruction handbook.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within the
specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components used the
specific requirements.
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Table 7 (continued)
Clause Safety requirements and/or measures Visual Func- Measur- | Examina-
inspec- tional ing tion
tion test Note 3 inofs;hézvl\;-u-
Notel | Note2 e
ations
Note 4
4.5.6 Fittings X X
4.5.7 Blow off and venting lines X
4.58 Flexible tubing and couplings X X
4.5P Safety devices against gas backflow X X
4.5{10 Safety devices against oxygen backflow in mixture X X
with other substances
4.5]11 Material requirements X

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual [study of the
delipered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in sucli’a way as to satisfy the reguirements.
“X” means test as described in this part of ISO 13577,

“X1] means functional test according to device manufactures specification;
“X2| means functional test as described in the instruction handbook.

NOTE 3 Verification by means of measuring instruments is used te,check whether the requirements are fulfill¢d within the
spetific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the componepts used the
spegific requirements.

6 |[Information for Use

6.1l General

Theg manufacturer of the TPEsshall provide an instruction handbook which contains the| necessary
infqrmation for the combustien’and fuel handling system. The format and content shall comyjly with 6.4
of 1$0 12100:2010.

Thginformation for use-shall be written in the user’s language and shall contain one copy in the original
language chosen by-the manufacturer.

The information® for use shall contain details for commissioning, start-up and use togpther with
infqrmation\for test procedure and general maintenance and the intended use defirled by the
manufacturer.

6 2 Marking

IVTOTISITTG

The minimum information marked on the TPE is given in Clause 6 of ISO 13577-1:2012.

The pipework shall be identified by colour and/or sign.
6.3 Instruction handbook

6.3.1 General

For the combustion and fuel handling system the instruction handbook of the TPE shall at least contain
the following details:

— exactdescription of the combustion and fuel handling system of the TPE and of the safety equipment;
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instructions for use and requirements for the training of personnel;

complete range of application of the combustion and fuel handling system of the TPE (tolerable
range of application, if necessary);

schem

atic description of the safety functions.

Moreover, the following aspects are to be treated by the instruction handbook:

operation of combustion and fuel handling system of the TPE only by competent personnel according

to the

conditions of use defined by the manufacturer;

information on correct work place of operator.

This handhook shall deal with start-up, operation, normal and emergency shut-down.

6.3.2 De

The instru

a desc
pipew

scription of equipment
Ction handbook shall contain the following information:

[iption of the combustion and fuel handling system, including as built-Schematic diagram
rk and electrical wiring;

a list off all safety and control equipment parts with their settings-afid an indication of the reley
standdrds;

alist o

a desc

f equipment settings/adjustments as made during final'commissioning;

Fiption of any deviations from the requirements_ef relevant standards in the construc

and/o1f function of parts of the combustion and fuel handling system;

the requirements for handling the waste products of combustion from the TPE.

All the infdrmation given on the marking plate(s). shall be repeated together with information reley
to combustion and fuel handling.

6.3.3

The instru

for:

leak ti

Ingpection procedures

bhtness test of tHe-complete system (as per 4.2.1.7 and 4.3.1.6);

leak tightness of all'pipework; periodic checking of leak tightness should be carried outatinterva

be det
leak ti

leak ti

brmined by consideration of the operating conditions, fuel type and material of construct]

bhtness-of the TPE and the flue ducts in cases where pressurized combustion is used;

s of

rant

fion

fant

rtion handbook shall contain details of inspection intervals and periodic checking proceduyres

sto
ion;

bhtness check of the valves;

leak tightness check of the filter / filter and/or the strainer;

all safety equipment, especially automatic burner control systems, warning devices and safety shut-
off valves;

combustion quality (e.g. temperatures and/or combustion products analysis), if applicable;

safety functions in order to ensure that these functions are not impaired by concealed faults or

errors

A documentation form shall be included in which the date, the results and the person who carried out
the checks are recorded together with the date of the next inspection.
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4 Commissioning, start-up and operating procedures

The instruction handbook shall provide details of the procedure for commissioning, start up, including
preliminary checks (e.g. cleaning of pipework), description of conditions and a list of manually and
automatically operated system checks, e.g. opening equipment doors, if applicable.

Attention shall be drawn to the necessity of ensuring that the pipework is free of debris, welding slag,
etc. after initial commissioning, before the equipment is put into service, after maintenance or long
periods of shutdown.

The instruction handbook shall provide information on special allowances or requirements for:

6.3

Thd
fuel

con
a de

Thd
dow

Ani
att

6.3

Thd
tha

Safg

Thd
OXY|

Dod

addfresses,telephone, fax numbers, e-mail, website and helpdesk coordinates) of maintenance

Sery

pre-purge, e.g. deviation of pre-purge times from standardized conditions in justifie
waiting time between ignition attempts in the case of natural draught burners;

the exhausting of combustion products;
the conditions for automatic restart, if applicable;

the conditions for, and the number of permitted re-cycles.

5 Shut-down procedures

instruction handbook shall provide information on any-special requirements necess

finuous venting to avoid overheating or blocking of flué. dampers in the open position), tog
scription of measures to be taken in the event of a safety shut-down.

instruction handbook shall set down any specialrequirements for lock-out and/or emer
n and any special measures for subsequent restart.

nformation sheet containing the information required by this subclause shall be provided
he equipment control panel or at a defined nearest place.

6 Maintenance procedures
require maintenance, replacement and/or repair of items of safety equipment.

ty equipment shallbeteplaced before its useful life time has expired.

instruction handbook shall specify the suitable cleaning methods and agents for the
pen systemss

Ficés.shall be provided.

d cases or

ary before

shut-off (e.g. evacuation or combustion of flammable<@tmospheres), and after fuel shut-off (e.g.

fether with

bency shut-

for display

instruction handbook shall¢ontain details of the maintenance intervals and procedures for all parts

Cleaning of

umentation forms with dates of last and next maintenance and the contact informati¢n (such as

and repair

6.3.

7 Documentation

Provision shall be made for recording revisions to the instruction handbook in the event of modification
of the equipment (e.g. by repair, modernisation or replacement of parts, change of operating conditions).
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Annex A

(informative)

List of significant hazards

Table A.1
1 2 3 4 5
a Hakards Location Relevant clauses of |Relevant claiises of
’ ISO 13577-1:2012 this part‘of 1SO 13477
Hafards, hazardous situation and hazardous events
1 Mechanical Hazards
1.1 High pressure fluid injection or | Pipework 4.2.7 4.21.1,4.2.1.2,4.2.1.5,
ejeftion hazard 4.21.7,4.2.2.3,4.3.1.1,
4.3.1.2,4.3.1.4,4.3.1.6,
4.3.2.3,4.5.4,4.5.6
2 Eldctrical Hazards
2.1 Elefctrical contact direct or Control system, power |4.3.2 4.1
indirect with live parts supply to the machine
and connectors
2.2 Elefctrostatic phenomena 4.3.3
3. Thermal hazards, resulting in:
3.1 Burns and other injuries by Burners 441,444
ap 3551ble contact of persons | L ent of the
withh objects or materials with
X TPE
an pxtreme high-temperature,
by flames or explosions and
alsp by the radiation of heat
soyrces.
3.2 Damage to health by hot work-’ | Environment of the 4.4.5,6.4.15
inglenvironment TPE
Hafards caused by interruption of energy supply
4.1 Malfunction or hreak up of Burner and accessories 4.2.2.6;4.3.2.8
corpponents
4.2 Malfunctionor break down of |Control system 4.3.6
corjtrol system
4.3 un¢xpected start-up Control system 4.3.6
5 Hazards caused by (temporary) missing and/or incorrectly positioned safety related measures/
means
5.1 Specific hazard of maintenance |Burners, fans, piping, 4
and adjusting duct, control system
Hazards generated by materials and substances processed or used by the machinery
6.1 Hazards from contact with or |Exhaust gases evacuat- 4.2.1.10,4.2.2.4,
inhalation of harmful fluids, ing system 4.2.2.5,4.2.3.3,4.2.5.5
gases, mists, fumes, and dusts. Combusti hamb 4.31.1,4.31.2,4.3.3.3,
ombustion chamber 4.3.5.5,4.4.5 4.5.1
6.2 Fire or explosion hazard Burners, fans, piping, |4.4.3.1,4.4.3.2 4
duct, control system,
combustion chamber
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Table A.1 (continued)

1 2 3 4 5
c Hazards Location Relevant clauses of |Relevant clauses of
’ ISO 13577-1:2012 this part of ISO 13577
7 Hazards generated by neglecting ergonomic principles in machinery design, as e.g. hazards
from:
7.1 Hazard of mismatch of design, |Pipework 412.2 4.2.21,43.21

location or identification of

Control system

manual controls

© IS0 2014 - All rights reserved
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Annex B
(informative)

Typical examples of fuels

B,l Cla‘_ sification of fuels

The classif]
to this par

B.2 Gas

Gases likel
Wobbe ind

TIICO IO U T T

cations below are given as typical examples only and should not be considered as limitat
of ISO 13577 where all gaseous and liquid fuels apply.
pous fuels

[y to be used are classified following ISO 6976 into three families in~accordance with t
'€

1st farmily (manufactured gases: e.g. town gas);

2nd fa

mily (natural gases);

3rd family (liquefied petroleum gases);

other gaseous fuels.

B.3 Liquid fuels

Liquid petgjoleum fuels likely to be used can be classified into different categories in accordance with
value of th

42

Pir viscosity:

gas-oil fuel-oils;

light fyel-oils;

mediu
heavy
very h

other]l

n fuel-oils;
fuel-oils;
pavy fuel-oils;

liquid fuels:

ons

heir

the
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Annex C
(informative)

Typical example of piping and components
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Gas ——

Air  —T

Key

1-01
1-02
1-03
1-04
1-05
1-06
1-07
1-08
1-09
1-11
1-22
1-23
1-25

2-01
2-02
2-03
2-04
2-05
2-06
2-08

3-01
3-02

44

2-02

2-01

manual isolating valve

filter /strainer

pressure indicator (PI) upstream with gauge cock
overpressure cut-off device

gas pressure regulator

relief valve

pressure indicator (PI) downstream with gauge.cock
low gas protection (PZL)

high gas protection (PZH)

automatic valve proving (XZA)

burner automatic shut-off valve

pneumatic air/gas ratio control

gas flow adjustment for burner

combustion air fan

air inlet filtep

pressure indicator (PI) with gauge cock
air pressure detector (PZL)

aixflew detector (PDZ)

aib flow control valve with motor (M)

air flow adjustment valve for burner

burner
automatic burner control/automatic burner control system (BZA)

Figure C.1 — Single burner equipment
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Air

Key
1-0
1-0
1-0
1-0
1-0
1-0
1-0
1-0
1-0
1-1
1-2
1-2
1-2

2-0
2-0
2-0
2-0
2-0

3-0
3-0

O 19 F— /= O 0 Y Oy Or == o7 9

T =9 =

T~ F—

2-01

manual isolating valve

filter /strainer

pressure indicator (PI) upstream with gauge cock
overpressure cut off device

gas pressure regulator

relief valve

pressure indicator (PI) downstream with gauge‘tock
low gas protection (PZL)

high gas protection (PZH)

automatic valve proving (XZA)

burner manual shut-off valve

burner automatic shut-off yalve

gas flow adjustment for burner

combustion air fan

air inlet filter

pressure,indicator (PI) with gauge cock
air pressure detector (PZL)

airflow detector (PDZ)

burner
automatic burner control/automatic burner control system (BZA)

Figure C.2a — Multiple burner equipment -Central pipework - Example a two burners system
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Gas

| I |
I
1-22 | 122 ("BZA
|- 3-02

1-21
3-01

1-22 1-22 BZA
3-02
1-21
3-01

Air —p ]

Key

1-01
1-02
1-03
1-04
1-05
1-06
1-07
1-08
1-09
1-10
1-11
1-21
1-22

2-01
2-02
2-03
2-04
2-05

3-01

-02

2-01

manual isolating valve

filter /strainer

pressure indicator (PI) upstream with gauge cock
overpressure cut-off device

gas pressure regulator

relief valve

pressure indicator (PI) downstream with gauge cock
low gas protection (PZL)

high gas protection (PZH)

central automatic shut-off valve

automatic valve proving (XZA)

burner manual shut-off valve

burner automatic shut-off valve

combustion air fan

air inlet filter

pressure indicater/(PI) with gauge cock
air pressure‘detector (PZL)

air flow<etector (PDZ)

barnér

ZAD

3-02

46
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Figure C.2b — Multiple burner equipment - Central pipework - Example b
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-
|
1-22 }

1-21

1-22

Air

Key
1-0
1-0
1-0
1-0
1-0
1-0
1-0
1-0
1-0
1-1
1-1
1-2
1-2

2-0
2-0
2-0
2-0
2-0

3-0

~ = = O O 0 N Oy Or = o v

o = 9 =

=

w2

2-02

2-01

manual isolating valve

filter/strainer

pressure indicator (PI) upstream with gauge cock
overpressure cut-off device

gas pressure regulator

relief valve

pressure indicator (PI) downstream with gatige cock
low gas protection (PZL)

high gas protection (PZH)

central automatic shut-off valve

automatic valve proving (XZA)

burner manual shut-off valve

burner automatic shut=off valve

combustion ajrfan

air inlet filter

pressure,indicator (PI) with gauge cock
air_pressure detector (PZL)

ainflow detector (PDZ)

burner

I
1-22 BZA
3-02

3-01

1-22 BZA
3-02
1-21
3-01

ZA)

3-0

S ficl £ 1/ £ fic b s ] + [a»]
aorcoTIatrC o uTr It CoOTtr O/ aatoatrC o uTr T COtr oSy StCTIT (D41 Y)

Figure C.2c — Multiple burner equipment - Central pipework - Example c
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Air

Key

1-10
1-12
1-13
1-25

2-01
2-02
2-03
2-04
2-05

3-01
3-02

48

1-10

—l

ul.

1-12

2-03
\/
PZL PDZ
A G G
> i
L]

2-01

central automatic shut-off valve
zone isolating valve
zone automatic shut-off valve
gas flow adjustment for burner

combustion air fan

air inlet filter

pressure indicator (PI) with gauge cock
air pressure detector (PZL)

air flow detector (PDZ)

burner
automatic byrnet control/automatic burner control system (BZA)

Figure C.3a — Multiple burner equipment - Zone pipework

- Example a
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—
2-03
\/
A ( 2[)-%)]:; ) @_ 2-06
Al | ol
| > H T%
2-02 \&/
2-01
/-
h—
Key
1-1p central automatic shut-off valve
1-1p zone isolating valve
1-1B zone automatic shut-off valve
1-2B pneumatic air/gas ratio control
1-2p gas flow adjustment fer'burner
2-01L combustion ajrfan
2-0p air inlet filter
2-08 pressure, indicator (PI) with gauge cock
2-0ft air pressure detector (PZL)
2-0p dir flow detector (PDZ)
2-0p air flow control valve with motor (M)
3-0L burper
3-02 automatic burner control/automatic burner control system (BZA)

Figure C.3b — Multiple burner equipment - Zone pipework - Example b
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Air

Key

1-10
1-12
1-13
1-24
1-25

2-01
2-02
2-03
2-04
2-05

3-01
3-02

50

uT

2-01

central automatic shut-off valve
zone isolating valve

zone automatic shut-off valve (SV)
electronic air/gas ratio control
gas flow adjustment for burner

combustion air fan

air inlet filter

pressure indicator\(Bl) with gauge cock
air pressure detector (PZL)

air flow detector (PDZ)

burner
automatic burner control/automatic burner control system (BZA)

Figure C.3c — Multiple burner equipment - Zone pipework

- Example c
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1-01
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PZL
- D(D:]_ 1-08

PZH
1-09

(6

1-04 1-05
1-12 1-02 1-12 1-12 1-12

Key
1-0ft manual isolating valve
1-0p filter /strainer
1-0B pressure indicator (PI) upstream with gauge cock
1-0f overpressure cut-off device
1-0p gas pressure regulator
1-0p relief valve
1-0f pressure indicator (PI) downstream with gauge cock
1-08 low gas protection (PZL)
1-0p high gas protection (PZH)
1-1p central automatic shut-off valve
1-1ft automatic valve proving (XZA)
1-1p zone isolating valve
Figure C.4 — Redundant central pipework
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r——T-————-—= 'I________________—_I
| | |
|
|
1-21 1-23 1-25 : 3/({3
Gas et (:) '|>0<‘, : \/
1-22 1-22 :
|
|
|

2-08 32({3
Alr  —t—t g \/

2-07
Key
1-21 burner manual shut-off valve
1-22 burner automatic shut-off valve)
1-23 pneumatic air/gas ratio control
1-25 gas flow adjustment for burner
2-07 air flow valve for burner
2-08 air flow adjustment valve for burner
3-01 burner
3-02 automatic burner control/autematic burner control system (BZA)
3-03 compensator

Figure C:5-— Impulse firing installation (burner pipework)
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Gas

Air
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Key)
1-2
1-2
1-2
1-2

2-0

3-0
3-0
3-0
3-0
3-0
3-0

o = I~ =

T Oy oOr &= v =

burner manual shut-off valve
burner automatic shut-off valve
electronic air/gas ratio control
gas flow adjustment for burner

air flow valve for burner

burner

automatic burner control/autématic burner control system (BZA)
regenerator

flue gas valve

flue gas flow control valve with motor (M)

flue gas fan

Figure C.6 — regenerative burner pipework

3-06

3-07

=P Flue gas
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Figure C.7 — Draft breaks
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Annex D
(informative)

Methods for burner start-up

A
IR 5 Qli’
AD% —~
1
5

[l
[
[
o
o\\*\

Key]
burner

ignition

1st shut-off valve
5 2nd shut-off valve
ts safety time

FigureD.1 — Direct main burner ignition at full rate
(see Table 3, Column 2, Qf max < 120 kW)
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L L 5
o o2 9
1
10
/3
: :
r—— / N A
L /
/ 2
f ’ L 5
S
N S
/]
/ / |
1 /
d |
_ |
10 7
fs
Key
1 burner 1 butner
3 ignitign 3 ignition
4 1st sh]\ut-off valve 4 1st shut-off valve
5 2nd shut-off valve slow opening 5 2nd shut-off valve
9 air/gas ratio control (PDCV)
10  air valve slow opening
ts safetytime ts safety time
Figures D.2 and D.2a — Direct'main burner ignition at reduced rate with slow opening valye
(see.Table 3, Column 3, Qf max < 360 kW)
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Key

N U1 D W

Fighires D.3 and D.4 — Direct main burner ignition at reduced rate with by-pass start §

A 5 f‘@‘j 3
—[>%—D§<}+/ =

burner 1 burner

ignition 3 ignition

1st shut-off valve 4 1st shut-off valve

2nd shut-off valve 5 2nd shut-off valve
by-pass shut-off valve 6 by-pass shut-off valve
safety time ts safety time

(see Table 3, Column 4)

3

A 5
>
1 6 1
3 3
_ L 6 5 - L6
7 /] ]
| J I/ / I | J I/
o] a7
- ] - *
f T -f_f

as supply

—

(@)
—_

9
)4

3
L 5 - L5
> [ ] B [ ]
4] ! I
; | ]
— | [ —
f‘s 10 fs
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1 burner

3 ignition

4 1st shut-off valve
5 2nd shut-off valve
8

electronic air/gas ratio control with motor (M)

ts safety time

1 burner

3 ignition

4 1st shut-off valve
5 2nd shut-off valve
9

air/gas ratio control (PDCV)

10 air flow control valve with motor (M)

ts safety time

Figures I).5 and D.6 — Direct main burner ignition at reduced rate with limited start gas inﬂut

(see Table 3, Column 4)

1 I
3
N
|
L 5
2
N
» B>
3 1 3 1
1 L5 L 1 5
- X
N A Lo / ]
7 13 G ——
] LA
] ]
fs1 fsz fs1 fsz
Key
1 burngr 1 burner
2 pilot purner 2 pilot burner
3 ignitipn 3 ignition
4 1st sHut-off valve 4 1st shut-off valve
5 2nd shut-off valve 4 2nd shut-off valve
7 pilot purner.shut-off valve 7 pilot burner shut-off valve
ts1  safety time 1 ts1  safety time 1
ts2 safetytime2 tgy——safety time 2
Figures D.7 and D.8 — Main burner ignition with independent pilot burner
(see Table 3, Column 5, Qf max < 120 kW)
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1 i
D% ’
L 5
D% D?Qf 2
1
3 J
_ 1 L 5
-
[
s ]
1]
¢ ]
fs1 st /'51 fsz
Key
1 burner 1 burnér
2 pilot burner 2 pilot burner
3 ignition 3 ignition
4 1st shut-off valve 4 1st shut-off valve
5 2nd shut-off valve 5 2nd shut-off valve
7 pilot burner shut-off valve 7 pilot burner shut-off valve
ts1 safety time 1 ts1 safety time 1
ts2 safety time 2 ts2 safety time 2
Figures D.9 and D.10:>— Main burner ignition with independent pilot burner
(see Table 3, Column 5, Qf max < 360 kW)

© IS0 2014 - All rights reserved 59


https://standardsiso.com/api/?name=6a6b1d421409ba0080a30a64f562f54d

ISO 13577-2:2014(E)

60

7 7
sk 3

L 5
& 2
>
6 1
7 5

e

ra— ;;;%_3
7 ]
]

burn
pilot

igniti

3¢
burner

pbn

1st shut-off valve

2nd s
by-p4
pilot
safety
safety

hut-off valve
ss shut-off valve

F time 1
F time 2

s1 .fsz,’>

burner shut-off valve

s2

st

1 Burner

2 pilot burner

3 ignition

4 1st shut-off valve

5 2nd shut-off valve

6 by-pass shut-off valve
7

pilot burner shut-off valve

ts1  safety time 1
tsp  safety time 2

Figures D.11.and D.12 — Main burner ignition with independent pilot burner

(see Table 3, Column 5)
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Co-T==—= : | t, t,
f fo
Key]
1 burner 1 burner
2 pilot burner 2 pilot burner
3 ignition 3 ignition
4 1st shut-off valve 4 1st shut-off valve
5 2nd shut-off valve 5 2nd shut-off valve
7 pilot burner shut-off valve 7 pilot burner shut-off valve
8 electronic air/gas ratio control with motors (M) 9 air/gas ratio control (PDCV)
10  air flow control valve with motor (M)

ts1 safety time 1 ts1  safety time 1
ts safety time-2 tsp  safety time 2

Figures D.13 and D.14 — Main burner ignition with independent pilot burner
(see Table 3, Column 5)
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Annex E
(normative)

Maximum allowed pressure

This part of ISO 13577 covers the pressure hazard of piping forming an integral part of combustion and

fuel hand]inn cuctamce of TDE intandad +a0 hao cobhioctad +0 o ymaavinais allovzahla nracciira of nat oo
] S +—HH R H R HOWaBHePFeSsSHHe—o0+ RO+

than 50 kP|

For piping
the followi

a)

b)

ore

gases,
pressu
pressu

for Gr
— D]
— D]
for Grd
— DN
— DN

liquids
above

for Gr
— D]
— D]
— P§
for Grd
— DN
— P§

[re oy oceTIry 1T T ottt o oje et ttoT™

.

with a maximum allowable pressure of more than 50 kPa, the pressure hazard is‘covere
hg cases:

iquefied gases, gases dissolved under pressure, vapours and also those liqéids whose vag

(kPa)=5,0 x 104 kPa for DN greater than 200 (See Figure E.4).

d in

our

kPa

re at the maximum allowable temperature is greater than 50 kPa above.normal atmosphric
re, (101,3 kPa) at the following limits:

up 1

[ 25 and included;

[ x PS (kPa) = 1,0 x 105 kPa for DN 25 up to 100 and included (see Figure E.1),

up 2

[ 100 and included;

[ x PS (kPa) = 3,5 x 105 kPa for DN greater tifan 100 (See Figure E.2).

having a vapour pressure at the maximiim allowable temperature of not more than 500
hormal atmospheric pressure (101,3 kPa) at the following limits:

up 1

[ 25 and included;

[ x PS (kPa) = 2,0 x 105kPa for DN 25 up to 200 and included;

(kPa) = 1,0 x 103:kPa for DN greater than 200 (See Figure E.3),

up 2

[ 200 andhincluded;

Group 1 comprises the following fluids:

62

explosive;

extremely flammable;

highly

flamm

flammable;

able (where the maximum allowable temperature is above flashpoint);

very toxic;

toxic;

oxidizing.
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Group 2 comprises all other fluids.
PS (kPa) A

106 -

105 -

DN =25
DN =100

ISO 13577-2:2014(E)

4x10°

@ [ @

3,5x10

10°

10°

= 350

DN

PS (kPa) x DN = 10°kPa

PS (kPa) x DN)=-3,5 x 10° kPa

PS = 50 kPa

50

10 :
0,1 1

10,.225 100 350 1000

10000 DN

Figure E.1 — Pipingreferred to clause a) group 1 of Annex E

NOTE References to category 2 and 3 of this annex are mentioned for information only.
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PS (kPa) A ~l 8l 8
™ ~ N
0 | o 1l 2
o o [m]
10° -
010 I
10* F
3,5 x 10—
3,125 4 10 AN
2 x 103 \ N PS (kPa) x DN = 5 x 10° kPa
\ PS (kPa) x DN = 3;5'x 10° kPa
S:(kPa) x DN = 1 x 10° kPa
10
PS =50 kPa
50
10 1 1 1 >
0,1 1 10 32 100 2501000 1|0 000 DN
2000 7000
Figure E.2 — Piping referred-to clause a) group 2 of Annex E
NOTE References to category 2 and 3 of this‘annex are mentioned for information only.
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NOTI

E

PS (kPa) A o
N
1
10° =
o
105 L
5 % 10° PS = 5 x 10* kPa
7 ®
8 x10°
10° PS =4-x10° kPa
PS(kPa) x DN = 2 x 10° kP4
10 |
50 PS = 50 kPa
10 1 | 1 1
0,1 10 25,100 1 000 10 000 DN
200 4000

Figure E.3 — Piping referred to clause b) group 1 of Annex E

References to category 2 and 3'of this annex are mentioned for information only.
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PS (kPa) 4

S
108 I
=z
o
105 L
4 PS =5 x 10* kPa
5x10
o ®
D 5 x 10° PS (kPa) x DN = 5 x 10°kPa
- 3
10° PS =1 x 10° KRa
10% |-
50 PS = 50 kPa
10 | | | | >
0,1 10 100 1000 10 000 DN
200 500

Figure E.4 — Piping referreddo clause b) group 2 of Annex E

NOTE References to category 2 and 3 of this annex are mentioned for information only.
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Annex F
(informative)

Examples for the determination of safety integrity level (SIL) using

the risk graph method

Sev|
(S
IEC
met
the
(ISq

Tabje F.1 shows an example of SIL/PL determination according to IEC 62061 /ISO 13849-1:20

Thi
acc

Table F.2 shows an example of SIL determination according to thefsecond edition of IEC 61511

Thd
dep

bral International Standards may be used for determination of the required safety ints

)/performance level (PL). For machinery, IEC 62061 was developed to determineithe
61511 (all parts) was developed to determine the required SIL for process industry.

hods for determining the SIL are given in both IEC standards. In addition, ISO 13849-1:2
determination of a performance level PL and also includes a method to determine P
13849-1:2006, Table 4).

5 SIL determination is done according to IEC 62061:2005, Figure“A.3. The PL is detd
rdance with Table 4 in SO 13849-1:2006 which shows the relationship between PL and

values given in Table F.1 and Table F.2 refer to typical TPE. The required SIL/PL levels
endent on the individual risk assessment.

bority level
SIL while
Risk graph
006 covers
[. from SIL

D6, Table 4.
ermined in
SIL.

all parts)b.

might vary

1
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