AE-RC-FSG-001E

Fundamentals of
Flame Safeguard System (F S G)

Y amatake Corporation

Control Products Divison

Training School

Issued: July, 1986
Revised: September, 1999



Fundamentals of Flame Safeguard System

Contents
(Pege)
Preface 2
(1) Explosion Prevention of Combustion Equipment  -------- 3
1. Causes of explosion 3
2. How to prevent explosion 4
3. Cases of fuel accumulating in combustion chambers
and the preventive measures 4
1) The burner stops firing suddenly due to an unknown
cause during the operation 5
2) The safety shut-off valve opens prior to the ignition
source at the time of burner ignition 5
3) Case of aburner not making firing despite of ignition
trial for the burner 6
4) In case of incomplete combustion of burner due to
an inappropriate fuel/air ratio 7
5) Caseunder which theresidual gasremains ----------- 7
(2 Outline of Flame Safeguard System 9
1. Basic structure of combustion safety equipment -------- 9
2. Component devices of flame safeguard system
and the functions 9
1) Controller 9
2) Limit and Interlock ---- 10
3) Flame Detector 11
4) Protectorelay 13
5) Safety Shut-off Valve 20
3. Operation sequence of combustion equipment
(Japan Gas Association) 21
B Cases of combustion systems 22
B Examples of combustion equipment having used the on-off
control controller 23
B Examples of combustion equipment having used
the proportional control controller 24



Preface

There have been cases under which explosion accdents by combustion equipment such as
combustion furnace, dryer and boiler not only inflicted heavy damage to the operating
company but also claimed precioushuman lives.

Thefalowing is the explanation on arcumstances that cause the exploson, and on how to
prevent these exploson acadents. In addition, this text book explains how to prevent the
accdent occurrence by meens of inddling flame ssfeguard systems with automation of
combudtion equipment, required roles by the operating company to maintain /secure the
safety of combugion eguipment, and some precautions to be teken a the time of
combustion safety equipment (FSG) installation.

Snce this text book quotes partidly and describes some fundamentd matters on the
combudtion sefety equipment asreferred in ? - Safety Engineering Directives of Indudtria
Gas Combusgtion Equipment ? of The Jgpan Gas Assoddion (Shi-Ki-0126-85), each
guotation and reference are marked with “The Japan Gas Association”.



(1) Explosion Prevention of Combustion Equipment

The following is the description on conditions under which combustion equipment
may explode.

1. Causesfor explosion
An exploson occurswhen the fud/air mixture having the density within theexploson
limit accumulates in a sealed chamber and the ignition source starts to grow.

Air Explosion Fuel
Excess Limit" Excess

Figure: Density of fuel/air mixture and explosion limit

Note*: - Theexplogon limit differs dgpending on fuds The explogon limit of naturd
gas (LNG : 13A) is 4.3 to 14.1% (the gas mixture ratio in 100%)
- Theexplogon limit vaue differs depending on temperature, the pressure, €c.

even with the same fuel.

Namdy, an exploson rdates to the threg(3) dements of fud, ar and ignition source
Thisisthe same as threg(3) dements of combustion. The exploson occurs when the
ignition Sarts after the fud/air mixture accumulation in acombustion chamber, and the
normal combustion occurswhen theignitiongartsbeforethe mixture accumulation.

Ignition source

Figure: Three(3) elements of explosion (combustion)



2. How to prevent explosion

In order to avoid an explason, it is quite acceptable to contral &t least one out of three
(3) dements, namdy, fud, ar or ignition source that causes an exploson. However, the
control for ar or ignition source is not practicaly easy due to the presence of ar
anywhere on the ground surfaces entering into a combudtion chamber, and the
exigence of an ignition source because of the condant red heat within the chamber of
combustion equipment.

In casethe sorayed fud isnat fired or theignition fails, the fud supply must be stopped.
When the burner firing stops suddenly due to an unknown cause during the normal
operation, the fuel supply must be cut off.

Prevention of explosion ‘ Preventi on qf unburned fuel accumulation
in combustion chamber

The following will give examples of actud gpplication of preventive messures to
avoid the fuel accumulation in the combustion chambers..

3. Cases of fuel accumulating in combustion chambers

Thefollowings are some actual cases of the fuel accumulationinthechamber:
1) The burner stopsfiring suddenly dueto an unknown cause during the operation.

2) The safety shut-off vave opensprior to theignition source at the timeof burner
ignition.

3) Theignition action is tried for burner but the ignition fails.
4) The burner makesincomplete combustion because of ingppropriatefue/arr ratio.

5) The residue gas remains in chamber.



Next, each preventive measure on these five (5) cases is described.

1) Theburner gopsfiring suddenly duetoan unknown causeduringtheoperation.
( Preventive Measure )
Suparvise the burner flame, dose safety shutoff vave a firing falure and stop fud
supply to the combudion chamber. Such a sequence is cdled “combudion
suparvidon” and“ safety shut-off” which can be accomplished with the combination of
flanerday, Protectorday and safety shut-off vave The threg(3) devices fulfill the
most important role in the flame safeguard system.

According to the Jgoan Indudrid Sandard, JS B 0113 Indudrid Combugtion
Equipment glossary, the sefety shut-off valveisdefined as* thevaveto be used to sop
the gection of fud within ashort time a emergency and nat to return automatically.”
In other words, the safety shutoff valve mugt have such a dructure to recaive the
dectric power back to operate again after it doses due to an unknown reason, and can
not be operated unless the mechanica resdtting is manudly performed. Or it must have
aHf-locking drcuit as an augmented safety S0 as not to make the valve open unless
the resetting is made.

Furthermore, the above JS spedifies Fud Shutoff Vave as “the vave to sop the
gection of fuel”, but such avalveisclassfied in thistext as safety shut-off vave,

Protectorelay

S e )

.
@/\/ Fuel

Flame BiG Safety shut-off valve

Figure: Fuel supervision and Safety Shut-off

Flame Detector

2) The safety shut-off valveopensprior totheignition sour ceat thetimeof burner
ignition.
( Preventive Measure )
If the sefety shut-off valve opensat thetime of burner ignition, and shortly providesthe
ignition source (the same condition as ignition delay), the exploson may occur. Asa
countermessure, the ignition sequenceis st up S0 asto meke the preparation of ignition
source prior to safety shukoff valve qoening or a leedt & the same time when the
burner isto be ignited.



The Protectord ay has an embedded sequence drcuit o that regardlessof an operator’s
manipulation, the sequence and thetiming are dwaysthe same to actuate each device.
This sequence drcuitissaid to be “the drcuit to actuate devicesin pre-set sequenceand
timing”.

[ Setting of ignition sequence ]
1.Preparation of ignition source
Ignition delay |:> (Ignition transformer: ON)
2.Fuel supply (Safety shut-off valve: Open)
(Theboth actionsperform at least thesametime*)
* Thetimechart of ignitionbelow isreferred.

[ Time chart of the Protectorelay at ignition trial ]

le— 3} Tgnition trial timing

Ignition transformer
Safety shut-off valve

T— On at the same time

3) Caseof aburner not makingfiring despiteof ignition trial for the burner
(PreventiveMeasure)

When the burner is not ignited despite of ignition trid, the unburned fud dartsfillingin
the combudion chamber under continuous fud gection to cregie a very hazardous
moment dle to the spark of ignition trandformer as an ignition source. In order to
prevent this possihility, an ignition timing for the burner is st. When the ignition can
not be accomplished within this timing, the ignition transformer operation is Sopped,
and the safety shut-off valve is closed.

N _ 1. Limitignitiontime*
Ignition fallure |:> 2. Ignition is not made within the specified timin
. Fuel shut-off

*: Refer to the above time chart.




4) In caseof incomplete combustion of burner dueto an inappropriate
fuel/air ratio

( Preventive Measure)
The fud/ar raio may change a trid run or & maintenance because of the following
caxs dexpite of its adjudment conducted for combudion equipmen.
(Refer to the combustion system examples of Page 21)

a. When the changein air supply pressure and fud supply pressure occurs, the fud/air
raio may change To cope with this posshility, a Pressure Switch is mounted to
supervisethe ar supply pressure and makesthefiring Sop by sending asignd to the
switch. However, thismethod can not distinguish small changeinfuel/air ratio.

1. Air supply pressure

(Being supervised by Pressure Switch)

b. Thefud/ar ratio may change during operation by aloose screw of linkage unit which
connects arr control vave and fud contral vave, and holds fud/air ratio a a fixed

vaue Thereisno dear solution for the change unless a periodic checking to find if
the linkage screw becomes loose.

Shift in fuel/air ratio |:> Periodic checking of linkage unit screw, etc.

5) Case under which theresidual gasremains
(PreventiveMeasure)
There arefollowing casesin which the unburned gas remainsin the chamber.
a. The fud passng from fud supply pipe to sfety shut-off valve does not bumn
completdy but remains patidly as unburned gas (The ail becomes dso gedfied
under heet.) Furthermore, the unburned fud is accumulaied in the chamber asaresult
of fue leskage from the safety shutoff valve dueto thefunctiond atenuaionduring
combustion toppage.
To cope with this gtuation, only ar is blown into the chamber by a blower prior to
ignition operation of the burner to make positive air arculaion (prepurging) and to
purgetheremaining gas. On the other hand, purging the remaining gasiscaled “ Post
purge” to make the air circulation after combustion stoppage.

|:> 1. Pre-purge: Before ignition startup

Purgeremaining gasin chamber 2. Postpurge: After combustion stoppage




b. Fud lesks out from safety shut-off vave due to the functiond atenuation of safety

shutoff vave caused by gdling of foreign patides and the falure of dosng
mechanism.

The fallowing measures can be taken to sscure necessary functions for this kind of
situation:

(1) The system increases the safety by ingdling a double shutdown arrangement with

two (2) safety shut-off valvesin seriesso that ether oneof them canprevent thefud

|eakane Aacnita nf a failiira nf cithar valhva

% Safety shut-off valve
Burner
e Fuel

Figure: Double shut-off arrangement of fuel flow

(2)The function can be secured by periodica leskage check of safety shut-off vaves

(Perindical maintenance)

Safety shut- oﬁ valve No.1
Safety shut-off valve No.2

o Valve Hol % E% ‘Jalve MNeo.2
=

Burner
Ga Test cock Mo.3 N —
Test cock Mol Test cocl-: HNe2 -y
A
Water gage Air

Figure: Checking method of fuel leakage

Fuel leakage |:> 1. Do.ublle shut-off arrangement
2. Periodical check and maintenance

Out of the above diagram, it will be necesstry to combine appropriste devices
(combudtion safety equipment) and use them in arder to prevent equipment explosion,
namely, to prevent accumulation of unburned fuel in the combustion chamber.

Next, the basic Sructures of combustion equipment are described, and some precautions
are given in the applications and on the functions of reevant component devices.



(2) Outline of Flame Safeguard System

1. Basic structure of flame safeguard system

The bagc dructure of a flame safeguard system is shown in the following block
diagram:

Hi-linit cotroller

Limit / _ —_——
i_T} Interlock r @ —‘
|

| : |

—= Hot water

I |
ki |

|

W Controller i
|

|

PSR T

Protecto-

=

Pressure |

: ' A|Exhaust gas
Switch . relay R -|_| i 5
Air —= | @ l_ll— - - ] ! Dietector
) T
@) |
Fuel — ——— i Flue duct
|
|

PV PV o
Safety Shut-off Valve
Ignition Transformer Water @

. 3 |
Combustion equipment

Figure: Basic structure of flame Safeguard system
(an example of small type hot water boiler)

2. Component devices and the functions of flame safeguard system
The flame safeguard system is composed of the devices shown hereunder.

1) Controller

Thisis usad to contral the temperature and the pressure of combustion equipment for
catan target vaues (s vaues). Gengdly, a temperature controller and a pressure
controller are used to miake ON-OFF contral for a amdl type hot water bailer of the
above diagram and a small type stream boiler.

A temperaure controller is used to control the temperaiure of hot water bailer,
combugtion chamber, dryer, ec. A pressure controller isused to control the pressure of
seam bailers. The ON contacts mean the operdtion gart, and the OFF contacts give a
sop 9gnd. In addition to the contrallers of ON-OFF contral, there are contrallers to
operate an dectric Modutrol Mator and aButterfly Vavefor proportiond control inan
application to comparatively large size combustion equipment.

1C



2) Limit and Interlock

a. Limit

Thisisusad asadeviceto prevent in advance an dnorma condition and ahazardous
condition that will possbly ooccur. For example, when atemperature controller in the
combugtion chamber falls the temperature in the chamber gradudly ncreesesto ast
point limit a which asgnd from high limit controller is sent to the Protecotorday to
meke the combugtion sop. Generdly, the temperature controller of ON-OFF control
and the pressure controller are used as Limit with the contacts ON a normdlity and
OFF at abnormality.

b. Interlock
There are two (2) categories of the Interlock being used in combustion eguipments,
namely, Startup Interlock and Operation Interlock.
The interlock is meant to make relevant devices the Sartup or operation safety after
the necessary conditionsare stisfied with al the contacts of devicesbeing turned on.

- Start Interlock

This is the name of device used for checking the completion of combudion
eguipment startup condition.

Gengdly, limit switches are usad for this kind of an gpplication but the Limit
Switches are used as dart interlock to seeif the opening of adamper in Sack for ar
circulaion ispostively completed. Also alimit switch isoperated asdart interlock to
check the complete dodng of Safety Shutoff Vdve prior to the dating of
combustion equipment.

- Running Interlock
Thisisused asthenameaof deviceto check the completion of combustion equipment
operation condition.
Gengdly, pressure switches are used for this gpplication. For example, during the
normal operation apressure switch seesif thear for combustion and supply pressure
arenormd or not. The switch contacts are in ON pogition to continue the operation
with the operation condiition being met. When the conditionisnot stisfied, the switch
contacts become OFF and the combustion operation is sopped by asgnd to be sant
from the Protectorelay.
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3)Flame Detector

Thisflame detector acknowledgesthe presence of burner flame and sendsa converted
electrical signal to the Protectorelay.

Flame current
—== Flame Detector Protectorelay

Flame
Fig. Function of Flame Detector

Gengrally, thedirect current is gpplied as dectricd Sgnd thet is cdled " flame current”.
When aflame detector detects the burner flame, it sends out afew micro-amperes of
flame current to the Protectorely.

? Precautionsin Use?

a. Selection of Flame Detectors
Depending on flame detectors, there are Some cases in which the gas burner flame
or ail burner flame may nat be detected. When adetector isto be used, meke sureto
confirm the functions.

b. False detection prevention of ignition sparks
Depending an flame detectors, some may detect not only burner flame but aso
ignition spark a the same time. When the flame detector isingaled on the burner
unit, it is necessary to pogtion the flame detector in such a way not to sense the
presence of sparks by ignition transformer.

Flame Burner flamesensing Main application Ignition spark
Detector Gas | Oil detection
Ultravision | 2 2 Industria combustion chamber )
Dryer, Boiler, etc.
Flamerod 5 _ Gas fired small bailer, _
' Small type dryer, etc.
CdsS - ? Oil fired smal typebailer, etc. -




c. Performance of pilot turndown test

When a burner sysem with separate pilot method is adopted to ignite the main
burner after the pilot burner isignited and the flame is detected by aflame detector,
the flame detector should not be mounted in a position to sense aamdl pilat burner
flame without resulting in the postive firing of the main burner because a large
amount of unburned fud is accumulated in the combustion chamber and possbly
creates the danger of explosion.

In order to avoid such an exploson, it is necessxy to paform so cdled "Rlot
turndown tes" in which repested adjusment is made to generate an gppropriate pilot
flame sze with the manud vave, and to correct flame viewing angle of the flame
detector for the positive ignition of the main burner.

Main burner J
\ :

Flame detector Gas

gas %

Pilot burner

Supervising point

T AR
Wind box

Pilot flame adjustment -

by a manual valve Ignition rod

Figure: Pilot turndown test



4) Protectorelay
The following functions are embedded in Protectorelays

a. Combustion monitoring and safety shutdown
These objectives can not befulfilled by the Protectorelay only but are achieved by the
combination of Hame Detector, Protectordlay and Safety Shut-off Vave. (Refer to
the diagram below.)
While the burner isfiring, the flame current of severd micro-amperesis flowing into
the Protectorday which in turn amplifies the current and mekes the flame relay on
(Hame detecting rdlay). Through the rlay contacts the dectric power is supplied to
the safety shut-off valve for opening.
In an assumption of sudden burner shutdown, it is dear that the flame detector does
not send any flame current thus making the flame rdlay become off.. Consequently,
the flame rdlay contacts open S0 as to make the dectric power shutdown for safety
shut-off vave The endosed soring safety -shut off vave automaticaly doses the
vave by its own power thus shutting down the fud supply to the burner to prevent in
advance the accumulation of unburned fuel in the combustion chamber.

Protectorelay

Flame relay Current

Fl t :
R =|Amplifier

o
s 7
|
|
|

Flame
detector &f
4 Operation output
|
- Burner Safety shut-off valve
éaﬁ
.o—'-'_'_'_'-'-'_'-’

Flame

Figure: Combustion supervising and safety shutdown
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b. Start-up oper ation and combustion equipment soppageby safety sequendang

A Protectordlay has a sequence (operating procedure) to safdy dart, operate and 9op
thecombustion equipment with each timing fixed for securing the ssfety. The sequence
Is as follows:

Normal

, Post-p
|:> operatior |:> rge

Pre-pu |:> Bilot trial E> Malnflarne
ge trial

(RUN)

Thisssguenceisatypica onecof Protectorday with thetiming chart given hereunder in
the operation of combustion equipment. There are two typesof Protectorday, namdly,
the type to combine with asmadl type ultravison detector to detect the ignition soarks,

and the other type to combine aflamerod not detecting the ignition sparks.
The difference is thet the former one is provided with ?  Filot only period ? in the

sequence.

Thisisthe timing to confirm the normd ignition of pilot flame with the flame detector
sothet it does nat detect the presence of gparksand openthemainvavein caseof pilot
ignition failure even though the supervisng angle of the samal type ultravison detector
is adjusted to detect the ignition spark.

? Protectorelay to combine with small type ultravision detector?

— Confroller ON — Controller OFF

‘r Postpurge
i

Blower

Ignition transformer

Pilot valve
Main valve
' i
Main burner flame-establishing period
{ also called Main flame frial )
Pilot onty period

Pilot flame-establishing period
{ alzo called Pilot trial, Trial for pilot )

# © Cloge in cage of interrupted pilot. Open in cage of intermittent pilot.



? Protectorelay to combinewith flamerod?

— Controller ON — Controller OFF

Prepurge Postpurge
k 4 ‘ k J ‘r

Blower
Ignition transformer
Pilot valve

Main valve

T— Main burner flame-establishing period
{ also called Main flame trial )

Pilot flame-establishing period
{ alzo called Pilot trial, Trial for pilot )

% : Close in case of interrupted pilot. Open in case of intermittent pilot.

c. Safe start check
In the Sartup of combustion equipment, the Pratectorday performs a shdf-checking
to see if the flame detecting drcuit and the safety switch heater are not in any
abnormd date. It dartsto operate under the norma condition and preventsto operate

under abnormality.

? Flame detector and flame detecting circuit are in abnor mality
When afdse flame sgnd exids, an equivdent Sgnd as the flame presence is sent
to the Pratectorday. If this happens, the combugtion equipment actudly darts to
operate with this fase 9gnd, and the safety shutdown can not be achieved even

when the burner flame dies out.
Protectorelay

Flame rel
Falze flame signal o Cu|rrent

({ Flame current ) O
- - — - =|Amplifier

£
Flame ¢ ?

detecto?gg |

- : Operation output

|
. ﬁ Safety shut-off valve

~

r Burner (0 )
pen
No flame i M

1€




Figure: Falseflamesignal
Because of such an occurrence, the Protectorday for a batch operation (et leest one
darting / Sopping operation every day) conducts a sHf-checking for flame detector
and flame detecting circuit prior to the actual operation start.

Note:
A Protectorday for the continuous operation equipment (no operation stoppage for a
month or one year dter the operation sart) makes asalf-checking for flame detector
and flame detecting drcuit while supervisng combugtion, and Sopsthe operation by
sending a stop signal in case of having the abnormality.

? Abnormality of safety switch heater ----- disconnected wireor burn -out

The sefety switch has very important functions of shutting off the safety shutoff
vave a no burner firing and flame outage during norma operation, and to perform

the lockout, namdy, to conduct no resarting unless a resetting is mede dter the
actuation of safety switch.
The dructure of sefety switch is shown in the diagram below. When the current

flows continuoudy into the heater, the bimetd deforms dueto its generated heet, and
the switch is tripped S0 as to meke the load rday off andto dose the sefety shutoff
vave. Thisisthereason that the Protectordlay makesa salf-checking prior to Sartup
to see if the safety switch heater has no wire disconnection or burnout.

Setreset condition Tockout condition

] _

— Reset button

NIl
.(,jﬁ% Contact

41:&? switch he‘;ter\?\\ Terminals

Figure: Operation of safety switch
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d. Shutdown at no ignition

When the burner firing does not occur despite of the ignition trid, the ignition
trandformer continuesto operate with goarking, and the consequent Stuation becomes
vay dangerous under unburned ges filling in the combudtion chamber unless
something must be done.

In order to prevent this posshility, the Protectorday will make the lockout by
gopping the operaion of ignition transformer, dosing the safety shut-off valve and
operating the ssfety switch when the burner firing can not be sarted by the burner
ignition action of the Protectorelay within aspecified timing that isoriginaly fixed.

e. Fail-safe design
Theterm “Fail-safé’ means that the combudtion system is automaticaly switched to
the safe operation function when combustion equipment, control system or operation
becomes a state of failure or abnormality.
A Protectorday hes a fail-safe desgn embedded in it S0 as not to dart the rdevant
equipment when dectronic components in the important dreuits such as flame
detecting, load control and lockout circuits become defective.

? Precautionsin Use?

? Wiring of Protectorelay and L oads (TheJapan Gas Association)
The connection of the loads such as safety shut-off vave, pilot shut-off vave,
ignition transformer, etc. must be wired to the terminals of the Protectorelay.
In case of controlling safety shut-off valve through the contacts of an auxiliary relay
which may make the mdfunction or contact weding, there is a posshility of
exploson a the moment of ignition dueto the explosvefud mixturewith ar blown
in by pre-purging when the sefety shut-off vave opens smultaneoudy a the dectric
power on regardless of the Protectordlay operation, thus pushing out alarge amount
of unburned fuel from the burner.

Such an explosion accident can be avoided if the Protectorday isdirectly connected
with loads to the contral terminds, and the load contral is performed by sgnds of

tha Prntartnral vy

H H *

Contact weld:
. s I| « -
e o »
"—‘ E:oN
PE : CFF
MVl [MVE @ LWV V2 MV1MV?2 : Open
G —l—l— 3 J-‘ l l

[ Correct wiring | [ Ezplosion example : Contact welding of availiary relay ]

Figure : Wiring of Protectorelay and loads



? Correct wiring of auxiliary relay (The Japan Gas Association)
In cae an axiliay rday must be necessty due to the cgpadity shortage of
Protectordlay contacts, the following measures should be taken for the mafunction
and the contact welding of auxiliary relay in order to securethefal-ssfefunction.
- Anauxiliary rday mug be inddled for each safety shutoff valve(Two auxiliary
relays are required for wiring to make the duplicated shutdown.)
- Sarting inter-lock isrequired by the switch to confirm the dosing of safety shut-off
valve at startup and ignition in case of using an auxiliary relay.

°| 2 |® | |ex R1 |R2
[ = 1

@ MV VR @ID @ MVl [hv2
| — G—a .

[ Wrong winng | [ An avzxhary relay i installed for a shut-off valve |

Figure: Correct wiring of auxiliary relays

? Power supply (hot, ground) to Protector elay
a. About power supply
The power source of 100/200 Vec is supplied from a transformer mounted on a
dreet dectric power pole with this voltage that is Sepped down from 6600V
tranamission lines. In order to sscure the safety, the secondary Sde (100/200V ec) of
the trandformer has one wire for grounding (GROUND) as low dectric potentid
and the other wire for high electric potential side (HOT).



b. Accident example by wrongly handled power sour ce connecting method
(The Japan Gas Association)

The following example was the actud hgppening of an exploson accident by
combustion equipment.

The diagram hereunder shows a wrong connection of the controller Sde of power
supply with an inverse connection of the high potentid sde (H) and the ground sde
(G). When theinsulation failure occurred by accident between the Pratectorday and
the safety shut-off valve and the grounding (connection to earth) was made, the earth
current flew into the safety shutoff valve a the same time the dectric power was
turned on and mede the safety shut-off valve opento push alargeamount of unburned
fud from the burner. Under this condition the preqpurging necessitated ar flowing
into the combugtion chamber to creste the explosve mixture which eventudly caused

explosion at the moment of ianition start.

Grouding due to msulation
fature of wiring

High electric potential side { H )
e Il, ok |FSG

o
- Open

Safety shut-off walve
Figure: Wrongly handled power sour ce connection method

c. Correctly handled power supply connection method
(The Japan Gas Association)
If the correct connection is made between the high dectric potentid sde (H) of the
control Sde power source and the ground dde (G), the earth current can not flow
into the sfety shutoff valve 0 as to cause the vave opening even though the
insulation failure occurs. Consequently, the vave dosng prevents the fud flowing
into the combustion chamber and maintains the safety.

High electric potential side { H )

FS5G

6,600V 100V

1 Ground side (G )

)
—r——

e S —

_—

Cloze
Gas

Safety shut-off valve

2C



Figure: Correctly handled power source connection method
5)Safety Shut-off Valve
The sefety shutoff vavein flame ssfeguard sysem hasthe very important role of fue
supply and quick soppage of thefud flow by asgnd sent from the Pratectorday, and
is incorporated with the following functions:

a. Instantaneous shutdown
When the burner firing stops during the operation of combustion equipment, the sefety
shut-off valve must quickly shut down the fud flow. The vave dosng time of the
safety shutoff vave under the liquid flow gas vave dassfication is specified asless
than one second.

b. Sufficient closing power
Normdly, avavewhichisingaled inahdf way of piping hasthe functionsto passthe
fluid, shut it off and adjust flow volume. Although the safety shut-off vaveisdesigned
to emphasize the shutoff function among these functions, it mugt be indaled with
careful congderation on the supply pressure of the combudtion equipment as wel as
the sufficient closing power in its actual usage.

c. Structurerequiringno power source(air pressure)tocloseor stop theflow
A sy shut-off vadve mug automaticaly shut off the fud passage with the sdf-
power of garing housad in the vave when its dectric power, ar pressure or other
source is cut off.

d. Structure not to belocked at an open position
Some vaves have such a dructure not to dose automdicaly dueto itslocking a an
open pogtion with the mechaniam of manua opening/ dodng. Thiskind of locking
structure can not be accepted for use as a safety shut-off valve.

e. Structureto belocked at a closed position
Some vaves with the Sructure to be mechanically locked can not openinjud receiving
the dectric power a the dosad pogtion. When the dectric power isturned on, it can
open agan by having its rest lever resst with the manipulating lever. This idealis
resulted from a concept of meking the manud resetting after drafting countermessure
to cope with causes of abnormal explosions.
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3. Operating sequence of combustion equipment
(TheJapan Gas Association)
The following sequenceis atypica one on how a sequence is operated in combugtion
equipment depending on flame ssfeguard systems : (The sequenaing and each timing
differ depending on the models of Protectorelays.)

Controller: Ol\"lStart interlock: ON—’lBIower motor: StarH
— Prepur gg—P|Running Interlock: ON—DlPiIot triaI—} Pilot onIytiming—}I

—} Main fIametrial‘} Pilot burner: Stop—}INormaI oper ation (RUN)]

Contraller: OFF—’lMain burner: Stop—blPostpurg —P| Blower motor: Stopg

[ Time chart |
— Controller ON — Controller OFF
[ Prepurge ( Note 1) Postpurge
L 3 L 4 ‘r
Blower - r
Ignition transformer :
Pilot valve
Main valve

' ' i
‘L Main flame frial timing ( Less than 10 zec. )
Pilot only timing ( Note 2 )

Pilot trial timing ( Less than 10sec. )

Notel: Prepurgetiming
- Timing to draulate ar as much as more then 4 times the ar volume of the combusgtion
chamber.(Depending on the structure, the gas flue volume is added.)
- Pre-purge must have more than 50% air flow of the ar volume required in the maximum
combustion condition.
- Open fully the exhaust ar damper during pre-purging.
Note 2: Pilot only timing
- Hameresponse + 1 second
- Hameresponseisthetime required from the moment the firing sops(burner flameout) to the
start of safety shut-off vave dosng.
- Each country concerned specifies the flame response time as follows:
The Japan Gas Associaion (Safety Engineering Directives of
Indugtrid Gas Combustion Equipment) --- Less than 3 seconds
FM, UL (U.SA) Lessthan 4 seconds
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DIN ( Germany) Lessthan 1 second
Thefollowing threg(3) types are availablefor pilot burner and are categorized for

application depending on the equipment. (The Japan Gas Association)

— Controller : OFF
r Startup prepurge
DEFRUS — Controller : ON
Pilot trial Prepurge start r Controller : OFF
{ —Pilot trial
. ) AR =1 | Pilot burner
Continuous pilot Main butmer
L — == T | - e = Pllotburner
Intermittent pilot : : ;
e Main burner
. - Pilot burner
Interrupted pilot :
" Main burner

* The adoption of an interrupted pilat is preferable in case of more than maximum
combustion rate of 350 k watts

Actual Case of Combustion System

In case of automatic ignition by low pressure gas supply
(The Japan Gas Association)

Pressure
Pressure switch 5y gage g~ Modutrol motor

. =y

Air
l # Damper
e P

Pressu:m:/tcgressure e Linkage i
$ * $ [} $
[

Main shut-off valve Butterfly valve
o

Ilam burmer

Filot burner
A

Dilot shut-off valve Pressure regulator



Examples of combustion equipment having employed the on-off control
controller

[ Small hot water boiler Temperaturej)ntrol
Small steam boiler . Pressure congjol

Hi-limit crtroller

" Controller : on-off control }
Limit / @
= - = - - 1
i_ Al Interlock r —‘ |
| | i | —= Hot water
| . | -
Pressure | | |Protecto- j—_—_— — I I
Swich | relay I 1_| _ Exhaust gas
A]r - ¢ | |———] | Detector
—* :
M |
Fuel Pre_ssure MV LY ; Flue duct
Switth o oy Stut-off Vatve[ | [ ] :
PV PV I ~
Zafety Shut-off Valve
Ienition Transformer Water
. o=
Combustion equipment @
Controller —ticllgﬁ— —oO_F-:I:_ OFOF_ Controller OFF ON OFF
contact eutput J L_\ contact output @ @ @
Set point MY r D ¥ vy v r
DiEerenﬁal—J @ EL
Process value e A [77]
@ PV
1 WV [rrrrs i
[ Controller operation ] [ Combustion equiptnent operation |

-

[SRY)
e S ] e TE[I:
|Bs; [ [

Stop E4750C Protectorelay ‘
Ta

switch | | |
‘ ] [pv| |y
& @& LI 1
|

[ Application example of R4750C Protectorelay |

ol
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Examplesof combustion equipment having employed thepr opor tional contr ol

controller

( Large combustion furnace, Oven )

Hi-limnit cotroller

Flue duct

S i
1,!{ Controller : Proportional control |
Limit / |
=] _ -
:_ T Interlock T @e |
| |
| | ] | | Modutrol |
Pressure | | Protecto- j_____ o | . ®
Switch relay - e Exhaust gas
T | | T
A]I’_|—1" | @ — ] | ﬁ L Combustion Chamber T
©r o
% ™ | b |
Fuel ——— T = Itt nIEl | <%>’
: utte 3
Switch Safety Shut-off ﬁ_L[ | walve d R AR
Valve | =
PV PV | G —
Safety Shut-off Valve s
Flame™  grtion Transformer oo mbystion equipment
Tietertor
Startup switch Stop switch
BL
IG o
PV Loz
MY £
Da_n:lper Lo ] r_/'_“‘_"H—ﬁﬂ—H-._-'xN ",

Proportional control by controller

[ Operation of Combution devices |



