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DUNGS® Global
Services
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DUNGS®
Heating Burners Heating Boilers Process Heat Gas Engines Global Services

Heating System Solutions

Geblasebrenner Brennwertkessel Thermoprozess- Gasmotoren Field Service,
100 kW — 50 MW 70 — 4.000 kw anlagen 1 KW, — 20 MW, Support Center,
Academy
B Components and system solutions for heating and process heat as well as gas engines
B Family business, founded in 1945, today managed by the 3rd generation
B 142 Mio. EUR Turnover (2022)
B 5 Production plants, approx. 700 employees in the group (approx. 500 in Urbach)

PowerPoint Template | 2021-04 Streng Vertraulich | Alle Rechte bei Karl Dungs GmbH & Co. KG, auch fir den Fall von Schutzrechtsanmeldungen. Jede Verfligungsbefugnis, wie Kopier- und Weitergaberecht, bei uns. 3
Strictly confidential | The company Karl Dungs GmbH & Co. KG is the exclusive holder of all rights, also in case of patent application. All rights reserved, including copy and circulation.



Heating System Design acc. EN 746-2 & ISO 13577-2

B Introduction

O

O

O

B Standards for heating system design

Info EN 746-2 / 1ISO 13577-2+4
Scope of EN 746-2 / 1SO 13577-2+4
Safety Goals of EN 746-2 / 1SO 13577-2

B System design

O

O

O
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Single + multiple burner system acc. EN 746-2 / ISO 13577-2
Required safety devices for gaseous fuels

Combustion air supply

Burner & burner control

Control system

DUNGS”

Combustion Controls
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Industrial thermoprocessing equipment DUNGS®

- General & Examples -

Combustion Controls

B Thermoprocessing equipment defined in ISO 13574
“‘Equipment in which material or work piece is submitted to thermal energy” (definition 2.190)

B Standards applicable for the heating system:

EN 746 series “Industrial Thermoprocessing Equipment”

ISO 13577 series “Industrial Furnaces and associated processing equipment”
NFPA 86 “Standard for Ovens and Furnaces”

Other regional standards e.g. in Australia, South Africa, Brazil etc.

Forge furnace Steel rolling Aluminum furnace Thermal afterburning Shop roaster/coffee
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Hazard assessment/risk evaluation

DUNGS”

Combustion Controls

Risk assessment - by the manufacturer

B According to EU Machinery Directive
B For risk reduction before placing the machine on the market

B [terative process, includes risk analysis, risk assessment and risk evaluation

Risk assessment - by the operator

B According to Occupational Health and Safety Act and Industrial Safety Regulation

B Consideration of all hazards that may occur in the working area of the machine

B Before commissioning the machine as well as regular inspection (BetrSichV-3(7))
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European EN 746 series

Combustion Controls

NBN EN 746-1+A1 (2009)

Covers different aspects of industrial

thermoprocessing equipment (IThE) EUROPEAN STANDARD EN 746-1:1997+A1
NORME EUROPEENNE
B IThE = equipment in which material or EUROPAISCHE NORM August 2008
work pieces are submitted to thermal R —

energy

Engksh Version

B Part 2 contains

B safety requirements for combustion
and fuel handling

B basic requirements for control system

Industrial thermoprocessing equipment - Part 1: Common safety
requirements for industrial thermoprocessing equipment

Egupements thermiques industnels « Partie 1
Prescriptions générales de sécurlé pour ies aquipements
memiques indusire’s

Inclustnetie Thermoprozessaniagen - Ted 1: Aligemeine
Sicharheteaniorderungen an industriells

: | EUROPEAN STANDARD EN 746-2
and protective system ——
B Latest version of EN 746-2 is dated 2010; EUROPAISCHE NORM May 2010
new draft dd. 2020 was withdrawn! —— O

B Intention is to replace EN 746-2 by

English Version
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ISO 13577-2 and ISO 13577-4; process for
launching EN ISO 13577 was started...

Equipements thermigues Industriels - Parte 2
Prascriptions 4 securte concemant ia combustion ¢t la
manuiention des combasibles

This European Standard was approved by CEN on 11 March 2010

Industrial thermoprocessing equipment - Part 2: Safety
requirements for combustion and fuel handling systems

Industriele Themoprozedsaniagen - Teil 2
Sicherhsitsantordarungsn an Feuarungsn und
Eronnstofihrungssysteme
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ISO 13577 series

DUNGS”
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ISO 13577 series was created based on
EN 746:2010 involving specialists from
Japan, US, Canada and Europe

Wording is slightly different to EN 746, but
scope and content is similar

ISO 13577 standards can be regarded to
be the most up-to-date standards for
heating systems in thermoprocessing

NOT harmonized under MD (Machinery
Directive), but to be considered in risk
assessments, especially part 4!!

Revision of ISO 13577-2 ongoing,
under Vienna Agreement aiming to
replace EN 746-2 by EN ISO 13577-2

EN ISO 13577-4:2022 published already

INTERNATIONAL ISO
STANDARD 13577-1

First edibon

2012-06-01

ISO
13577-2

First edition
2014-09-15

Industrial furnaces and associated
processing equipment — Safety —

Part 1:
General requirements

Streng Vertraulich | Alle Rechte bei Karl Dungs GmbH & Co. KG, auch fur den Fall von Schutzrechtsanmeldun

Industrial furnaces and associated
processing equipment — Safety —

Part 2:
Combustion and fuel handling systems

ISO
13577-4

Second edition

2022-07

Part 4:
Protective systems

Industrial furnaces and associated
processing equipment — Safety —

gen. Jede verfugungsberugnis, wie Kopier- und Weltergaberecnt, ber uns.
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Industrial Thermoprocessing Equipment DUNGS®

= Standal‘ds EN 746 and ISO 13577 = Combustion Controls

ISO 13577 (based on EN 746:2010) must be
regarded to be the most up to date standard for
industrial thermoprocessing equipment

B SO is NOT harmonized under MD (Machinery
Directive). However, standard needs to considered
when doing the risk assessment, especially part 4!!

INTERNATIONAL
STANDARD

ISO
13577-2

First edition
2014-09-15

ISO
13577-4 B Both standard series will be merged, ongoing

process — coming soon!!

Second edition

2022-07

Industrial furnaces and associated EUROPEAN STANDARD EN 746-2

processing equipment — Safety — NORME EUROPEENNE

Part 2: EUROPAISCHE NORM m ety
Combustion and fuel handling systems (cs 28001 e (SE———
Fours industriels et équipements associés — Sécurité — i

Partie 2: Equipement de combustion et de manutention des x
c‘ambusﬁb?es P sociated Industrial thermoprocessing equipment - Safety requirements for

combustion and fuel handling systems

PTUCCSSITE CyUIpPIncIit Sﬂfety —_—
Lgupemaents theerigues Doustes - Parte 2 naustiele Thermogosessarcagen - Tal 2

. Fresciztions Se $ecurie COStemant i contuston o B Sicrarhalsarizttetungen on Feusrungen und
'EI. l"t N AL 88 Lombositres BrenesloMusrngssyiterme

Protective systems

This Evscpaan S1802000 w28 sppeaved By CEN 00 11 March 2010

. . - . .- - - CEN mamber ae bound 1 comply with T CENCENELES e Seguidtion wiuch stiouiate the tondlions 1 ghving i Ewcpesn
Fours industriels et equipements assocles — Securite — S1andenD e 530 of @ NIONE STN30nd +IN0U] O%y STEATEN. LB-20-2000 1513 4 LLROJ-Aphece MIINIZES CONTAMISG SO Padiral

Stansends May Te COMNGO on AspACoTan 12 e CEN Maragenen! Cantre or 10 sy CEN member,
Partie 4: Systémes de protection
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ISO 13574 Vocabulary DUNGS®

Combustion Controls

When developing ISO 13577 series it was decided to create
additional document with definitions and wordings common
in thermoprocessing industry

INTERNATIONAL ISO
STANDARD 13574

Introduction

First edition The purpose of this vocabulary is:
2015-02-01
— to provide pertinent terms having a specific meaning in industrial furnaces and associated

processing equipment technology (hereinafter "TPE"),

— toinclude common dictionary or engineering terms only when they are a generic root for a series of
terms specific to TPE technology,

— to refer synonymous terms to the preferred term,

— to list deprecated terms, but to define and clearly mark these terms as such and to indicate the

Industrial furnaces and associated
preferred term,

processing equipment — Vocabulary
— to provide terms and definitions applied to International Standards developed by 1S0/TC 244.

Fours industriels et équipements thermiques associés — Vocabulaire
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ISO 13574 Vocabulary DUNGS®

Combustion Controls

When developing ISO 13577 series it was decided to create
additional document with definitions and wordings common
in thermoprocessing industry

2.190
thermoprocessing equipment
equipment in which material or workpiece is submitted to thermal energy

fr équipement thermique
équipement dans lequel des matériaux ou des piéces sont soumis a I'action de la chaleur

@ lhfrm‘?plc‘iﬂzel\jsiﬂl??f%f der Werkstiicke tl ischer E i tzt d INTERNATIONAL 150
nlage, in der Materialien oder Werkstiicke thermischer Energie ausgesetzt werden
g gleanse STANDARD 13574
es
First edition
ja BULEERR 2015-02-01
PR OV Cxt G 3 B 2oL F—"TF T B A3 2 5% A
ko EA ] 2H|
AE 2 7 dEe] el Aol o]dhed A2l & A2 H]
pl wyposazZenie do procesow cieplnych Industrial furnaces and associated
wyposazenie, w ktérym material lub przedmiot obrabiany jest poddawany dzialaniu energii processing equipment — Vocabulary
Ciephlei Fours industriels et équipements thermigues associés — Vocabulaire

zh MRS E

NOTE This item is intended to be applied to ISO 13577-2.
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®
Heating Systems for Industrial thermoprocessing equipment DUNGS

Combustion Controls

W Safety goals are
defined by the
standards 4 O

Fuel Gas Supply

® Implementation by X Xﬁ/
the designer Gas
according to the N
results of the risk 4
assessment

m Standards are not : =T
"building \_
instructions"!

\_

Combustion Air Supply Burner & Process Control

Standards do not contain any specific statements on H2 - greater importance is attached to risk assessment
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Industrial thermoprocessing equipment
- Single + multiple burner system acc. EN 746-2 / ISO 13577-2

- el 7]
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A . 1~llﬂ> (141‘1 .
= r
1-01 1-02 r '
Gas (o)} . ‘l "~} A —
\ j 1-2 1-22
[B..
2-06

\/
‘ -
Alr s— . m ;
2-02 b
y 4
Quelle: ISO 13577-2, informative Annex “Typical examples of piping and components”
19
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Industrial thermoprocessing equipment DUNGS®

- Main gastrain GDR acc. EN 746-2 /1SO 13577-2 Combustion Controls

Equipment as specified in EN 746-2 / ISO 13577-2

= —\ ® Manual isolating valve
Gs) A B Gas filter
y ™ ™ ~~35 | W Gas pressure regulator (with SSV/RV for
VR | N overpressure protection)
il i S, Gas pressure monitoring min/max

) §
# Automatic shut-off valve(s)
# Tightness control (depending on rating)

No special functional requirements by H2,
but suitability of equipment used must be ensured

Y must satisfy the requirement of a protective system
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Industrial thermoprocessing equipment DUNGS®

- Combustion air supply acc. EN 746-2 / 1SO 13577-2 Combustion Controls

/ & \ Equipment as specified in EN 746-2 / 1SO 13577-2
B Combustion air fan with optional filter

i  Air pressure monitoring (Air MIN pressure switch)

B Additional filter monitoring (optional)

# Pre-purge flow monitoring

- ™ Y,

No special functional requirements by H2

% must satisfy the requirement of a protective system

Quelle: Reitz
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Industrial thermoprocessing equipment DUNGS®

- Burner & burner control acc. EN 746-2 / 1SO 13577-2 T

Equipment/topics covered in EN 746-2 / ISO 13577-2
B Burner with ignition device

B Automatic burner control for flame supervision
(safeguarding)

B Safety time and start fuel flow rate

1-25 B Burner capacity control
B Air/gas ratio control
BZA
3-02 3.01
2-06
2-08
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Industrial thermoprocessing equipment DUNGS®

- Burner & burner control acc. EN 746-2 / 1SO 13577-2 T

Burner and ignition device

B Burners must be suitable for the application and be
able to be operated stably and safely in the
required control range

B Ignition device must ignite burner reliably

Source: flox.com

B Burner is interface to the process
=> Selection according to process requirements

(power, flame shape etc.)
B No CE marking required for burners

* No special requirements due to H2, but
suitability of burners must be ensured

« Suitable flame sensor required

Source: Scharrtec.de
Source: Fivesgroup.com
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Industrial thermoprocessing equipment DUNGS®

- Burner & burner control acc. EN 746-2 / 1SO 13577-2 T

Automatic burner control/flame monitoring

The main flame and the flame of the pilot burner must be monitored by
an automatic burner control.

Automatic burner control system controls the sequence of burner start-
up, switches the valves and the ignition transformer.

Separate flame sensors for continuously burning pilot burners;
exception from EN 746-2 no longer included in ISO 13577-2!

In case the pilot flame is extinguished during main burner operation, a
single flame scanner is sufficient

For wall temperature > 750°C, flame scanner can be omitted and
temperature monitored instead; high-temperature operation must meet
the requirements of a protection system.
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Industrial thermoprocessing equipment DUNGS®

- Burner & burner control acc. EN 746-2 / 1SO 13577-2 T

Start-up attempts and restart

B In case of flame failure... a fault shutdown must occur at the burner. However, restart is permissible provided
that the safety of the system is not impaired (e.g. if the atmosphere in the combustion chamber does not
exceed 25 % of the LFL).

B The control of the restart(s) must meet the requirements of a protection system. If no flame signal is present
after the restarts, fault shutdown must occur.

B Flame failure during start-up (burner start without flame signal)
B The number of restarts must not exceed two => max. 3 start attempts

B Flame failure in operating condition

B not more than one restart attempt in 1ISO 13574: m

B Definition for recycling (restart) in ISO 13574:

B Process in which a complete startup program is
repeated automatically after a safety shutdown.
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Industrial thermoprocessing equipment DUNGS®

- Burner & burner control acc. EN 746-2 / I1SO 13577-2 Combustion Controls

Burner capacity control

B Modulating = stepless adjustment of fuel and air B Impulse control = stepped burner operation with
volume variable ratio of operating time and pause time
B Stable burner operation must be ensured, B Burner operation ON/OFF or HIGH/LOW
limited control range or increased excess air at m High convection in the furnace chamber and no
low loads limitation in the control range
B Low convection in the furnace chamber at
partial load
1 [ SR
125% | 3 [ o S
4 1 — 3] |
- 1 | == _— S B
- 25% |2 ] |
4 E=EEH ft =
1
4
1
4
Source: Prozesswarme-Tagung Brennertechnik an Thermoprozessanlagen
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Industrial thermoprocessing equipment DUNGS®

- Burner & burner control acc. EN 746-2 / 1SO 13577-2 T

Air/gas ratio control

B The air mass flow shall always be in a ratio with
the fuel mass flow in order

B to ensure safe ignition and

: B that throughout the operating range, a stable
[ ] and safe combustion is maintained at each
individual burner.

Air/gas ratio Control

mechanical/pneumatic ) electronic solutions ) _
B The ratio does not need to be the same value at all

operational conditions.

\ Fixed Systems "conventional" ratio control via mass * No Special functional requirements by H2
Mechanical connection via _flow measurements (1-channel - Suitability of the equipment used must be
linkage / cam plate Type-tested electronic ratio ensured

- i . . . .

_— |_controllers according to EN 12067-2 - Compensation is required for variable
Pneumatic ratio controllers

mixture, hot air compensation

\ according to EN 12067-1 other redundant or
\ multi-channel Solutions
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Industrial thermoprocessing equipment DUNGS®

Burner control with variable gas composition Combustion Controls

ISO/FDIS 13577-2:2023 Statement on air/gas ratio

B The design of the air/fuel ratio control has to consider process conditions as well as fuel and combustion
air properties. Defect or malfunction should affect that the system will tend towards higher excess air or
proceed to lock-out if the air/fuel ratio results in an unsafe condition.

B Pneumatic fuel/air ratio controls for gaseous fuel shall comply with 1ISO 23551-2:2018 or regional product
standard(s)

B Electronic fuel/air ratio controls shall comply with ISO 23552-1:2007+A1: 2010 or regional product
standard(s)

B In case other methods/technologies are used for the ratio control and depending on the combustion air
and fuel properties, additional protective measures shall be applied according to the results of the risk
assessment (e.qg. air/fuel ratio monitoring by protective system according to ISO 13577-4:2022). A

"Fail-safe" solution which meets the
requirements of a protection system.
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Industrial thermoprocessing equipment DUNGS®

- Control and protective system acc. EN 746-2 / 1SO 13577-2+4 Combustion Controls

Control and instrumentation
system/operator-control level
- Process control level -
B Process control - Control level (local) z;:;‘:;:'r”g
non-fail-safe part of - Control (non-fail-safe)
- Regulation
the process control - Monitoring
system Fuel supply
—* 1 and conditioning
Process control Auxiliary equipment
(PCC)
and
B Protective SyStem Protective system ignition divice
. - Emergency stop Combustion air
fail-safe part of the - Safety interlock supply and
process control - Pre purge i
- Tightness control
System - Automatic burner control unit
- Flue gas venting
- Air-fuel ratio
- Flow and pressure detectors
(e, g, fuel low, air low)
- High temperature limits
BT Source: EN 746-2:2010
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Industrial thermoprocessing equipment DUNGS®

- Control and protective system acc. EN 746-2 / ISO 13577-2+4 Combustion Controls

B The protective system includes all functions that serve to protect persons, the
\/ plant and the environment.

B Risk assessment must be carried out for each hazard (1ISO 12100)

RISK SEVERITY PROBABILITY OF THE INCURRENCE
I
Related to fun?:t?on of the potential and OF THIS DAMAGE
the hazard of damage that Frequency and duration
et e | ofexposuretothehazard |
consideration | = caused by the -
hazard under Probability of occurrence

consideration.

Possibility of avoiding or

ISO 13577-2 and ISO 13577-4 include examples
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Industrial thermoprocessing equipment

- Control and protective system acc. EN 746-2 / ISO 13577-2+4

DUNGS”

Combustion Controls

. Determination of the PL acc. to EN 13849-1

Determination of the SIL level acc. to IEC 62061

PL,
L
P1 2 Dokurnant Nr,
F1 | Risikobeurteilung und SicherheitsmaBnahmen Teil von
22 ‘ Produkt. [ woridufige Risikobeurteiung
P1 o Herstaliar: zwischenzeitliche Risikobeuriedung
F2 { Datum: schwarzer Bereich = Scherhettsmalinahmean edfordadich _|nachfolgende Risikobaurteiung
1 : * P2 | graver Bereich = Sicherhetsmalinahmen empfohlen
® 51 ' ¢ Auswirkungen Schwere| Kiasse K | Haufigkeit und MWahrscheinfichkeif  Vermeidung
S 3-4 | 5-7 Te-10 [11-1a114=18 Dauer. ¥ gel, Ereigniss, W [
P 2 B ‘A Tod, Verlust eines Auges oder Arms 4 <1Sunde |5 5
o P2 Permanent, Verlust von Fingern 3 >1h-<Tag |5 walwscheinich 4
52 Py d Reversibel, medizinische Behandhng 2 FITeR==2Wel4|  mogich _ 3[Lunmagich)
' Reversibel, Erste Hilfe 1 >2Wo —<1Jahr|3|  seen 2|  moglich 3
Fl [ I— > 1 Jahr 2 ernachiassigbar 1| wahrschainkch 1
59
“ - Lid. | Gef.| Gefahrdung 3 F W P | K Sicherheitsmainahme sicher
’ H N | Nr
Legende
1 Startpunkt zur Bewertung des Beitrags der Risikominderung EXAM P LE . H . _ .
: Hazard with S=3, for which
L niedriger Beitrag zur Riskoreduzierung o i | _ = X . ——————
H hoher Beitrag zur Risikominderung 1 F—4, W=5 and P=5 were determined
PL, erforderlicher Performance Level resultisin K=F+W+P=14
Risikoparameter:
] 1 1 ] I
S Schwere der Verietzung | l | | |
S1 leichte (Ublicherweise reversible Verletzung) Kommentare
52 ermste (Oblicherweise irreversible Veretzung einschiieSlich Tod)
F  Haufigkest und/oder Dauer der Gefdhrdungsexpositon - — === |
F1 seiten bis weniger haufig und/oder die Zeit der Gefahrdungsexpositon ist kurz
F2 haufig bis dauernd undfoder die Zeit der Gefahrdungsexpasiton ist lang
P Maglichkeit zur Vermeidung der Gefahrdung oder Begrenzung des Schadens
P1 mdgiich unter bestimmten Bedingungen
P2 kaum mdglich 5
ISO 13577-2 and ISO 13577-4 include examples
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Industrial thermoprocessing equipment DUNGS®

- Control and protective system acc. EN 746-2 / ISO 13577-2+4 Combustion Controls

Several options for implementing safety functions:

| |
. . Method ' Method ' Method
| |
\/ A Hardwired, all components according to product standards | |
A § BCJ|| D
. . . . | |
BC Combination of devices according to product standards + SIL components — | |
|
£ Safety PLC
D FS - PLC based, all components SIL certified |
| |
I" Devices withsystematiccapability SC3
Hardware ! or
: suitable to achieve PL e
! |
[ ) ) ) Devices which comply with relevant : Flame detector
Safety function 1; Safety function 2; Safety function n; product standards I deviceonly
(eg pressure monltoring) {e.g Flame monitoring) — I
(Method A. B, C or D) (Method A, B, Cor D) (Method A, B, Cor D) :
Software
r \ , \ ’ N : interconnections
Sensor(s) Sensor(s) e Sensor(s) :
(eg pressure switch) (e.g Rame sensor) Inter- | Safety bus
\. J \ J . J connections | interconnections
|
¥ i * . |
g > a h d h Wired
AR " : " X interconnections
Logic Solver(s) Logic Solver(s) Logic Solver(s)
—— | |
\, J \, J \ J | |
* + * [ | Safety PLC
' ' program
[ . . ) [ . i f ] 1 Safety : : language
Final Element(s) Final Element(s) Final Element(s) function | |
{e.g actuator) (e.g automatic shut off valves) software | J
L ) ! ) L / | Verified and validated
I soltware
l function blocks
- y |
|
|
|
|
I

|

4.23 | 4.24
|
I

ISO FDIS 13577-4:2022 includes examples -
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Apply what you have learned and put it into practice DUNGS®

Combustion Controls
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Do you have any guestions? "

Thank you very much!
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