What is a flame safeguard system 
Safeguard system is a set of controls used on a boiler to ensure safe burner operation. Primary functions include:

· A safe way of starting and shutting down the burner. This can be accomplished either automatically or manually.

· A flame safeguard system also starts the burner in the proper sequence. For example it will purge the combustion chamber of gas, light the pilot and then open the main gas valve.

· The flame safeguard system will also continually monitor burner operation when the boiler is on-line.

· The system will protect the boiler from excessive pressure or temperature conditions

· It will also regulate the firing rate according to the demand for heat or steam

· Finally, it will standby during down time, waiting for the signal to start the burner once again.

Burner Safety Measures


As with any industrial process, safety is a major concern, especially with burner/boiler applications. The centerpiece of any burner/boiler safety system is the Flame Scanner. The following paragraph describes in detail the light-off sequence of a burner and explains the role of the Flame Scanner.

1. The Burner Management System (BMS), which includes the Scanner and Signal Processor, is powered up. Once a fuel is selected and the Burner Start button is pressed, the BMS starts the fan and opens the fan damper to begin the air purge process. Once the purge cycle has completed, the BMS drives the air damper to the light-off position. This is typically 20-25% of the burner maximum heat input.
  

2. The BMS then energizes a transformer connected to the pilot electrode, thereby causing it to begin sparking. At the same time, the BMS checks the pilot gas supply pressure to ensure that the appropriate heat input will be delivered to the pilot. Then, the BMS opens the two pilot gas shutoff valves and closes the pilot gas vent valve (This system is also know as Double Block and Bleed).
  

3. At this point, the pilot should be lit and the scanner should be receiving a flame signal from the pilot flame. If the scanner does not pick up this signal within a 10 second trial for ignition, the BMS will shut the pilot gas shutoff valves, de-energize the transformer, and end the start-up sequence.
  

4. If the pilot flame is "seen" by the scanner, the BMS proceeds to check the following interlocks: Loss of ID Fan, Loss of FD Fan, Combustion Airflow Low, Excess Furnace Pressure, Loss of Pilot Flame, High Burner Gas Pressure, Low Burner Gas Pressure. If all interlocks are proven, the BMS then opens the main gas shutoff valves and closes the main gas vent valve.
  

5. After a five second trial for ignition, the pilot electrode is de-energized, the pilot gas shutoff valves are closed, and the pilot gas vent valve is opened. If the scanner continues to receive a strong flame signal from the main burner, the system will then be released for modulation. If the scanner fails to pick up a flame signal from the main burner, the main gas shut-off valves are closed and the vent valve opened. In this case, the entire light-off sequence must be re-started. 
Preview of Pre Start-Up Installation Form:

	 
	Is boiler/fired vessel and auxiliary equipment installation completed in accordance with boiler/fired vessel company requirements?
· Boiler feed pumps. 

· Water level permissive wiring terminated. 

· Has fuel pressure regulator system been installed to maintain constant supply pressure and temperature. 

· Has vessel been hydrostatically tested? 

	 
	Are fuel and atomizing steam lines clean and free of any debris? 
· Does purging of gas lines require certification, if so, has certification been obtained? 

· Are strainers provided to prevent entry of foreign materials into fuel control valves and safety devices? 

· Is lagging installed on hot lines fuel oil atomizing steam? 

· Is atomizing steam line trapped to atmosphere assuring dry atomizing steam? 

	 
	Are all fans/dampers required for combustion operable? 
· If fans are by other, has balancing been completed? 

· Have all damper position switch permissives been installed and wires terminated? 

	 
	Has the flame safeguard system been wired and piped?


	 
	Are flow measuring devices provided and operable to determine capacity of either burner or fired vessel?
· Steam flow 

· Feedwater flow 

· Gas fuel flow 

· Fuel oil flow 

	 
	Have provisions been made for full load testing or ventilation?

	 
	Is there ample fuel supply to operate burner and pilot for start-up?

	 
	Are there any items supplied on the project that are obviously damaged, missing, or defective? 
· If so has the proper vendor been notified? 

	 
	Are taps and/or indicators provided for the following indications: 

	· Fuel gas supply pressure

· Fuel gas at burner pressure 

· Fuel oil supply pressure 

· Fuel oil at burner pressure 

· Fuel oil temperature 
	· Atomizing steam supply pressure

· Atomizing steam at burner pressure 

· Windbox pressure 

· Furnace pressure 

· Stack draft pressure 

· Stack temperature 


GENERAL FAULT FINDING INFORMATION
The basis for trouble free operation can only be ensured by the correct combined effect of the three factors: electricity, gas flow and combustion air. Faulty flue or combustion chamber design also will have an effect on burner performance but basically these three factors should be checked first if troubles arise. It has been proven that many problems have rather simple causes. Before calling the serviceman the following checks should be made:
1. Are the gas cocks of the installation open?
2. Are the fuses in order and the power switched on and available at the burner?
3. Are the controls (room thermostats, boiler thermostats, interlocks etc..) correctly adjusted?
4. Is the gas pressure at the burner sufficient?
5. Is the safety burner relay ready to start and not locked out?
6. Is the air supply to the burner sufficient and the air passage unrestricted?
The following are the most frequent faults in a forced draft type burner installation and probable remedies.
	CAUSE 
	REMEDY


The Burner Does Not Start
	No gas.
	Check all gas cocks are open and the regulator is reset if required.

	No power.
	Check fuses, thermostats, and electrical connections.

	The fan motor fails to start.
	Safety unit is locked out, air pressure switch is faulty or incorrectly adjusted, fan motor or safety unit defective.


The Burner Motor Is Running But There Is No Ignition After The Pre-Purge Time Has Elapsed
	No power on the solenoid terminals.
	Check the flame safety relay and replace.

	The ignition or sensing electrodes are touching, the porcelain is cracked, they are touching earth or incorrectly positioned.
	Replace and readjust as necessary, check the spark gap is approx. 3-5 mm and the sense electrode is in a position on the edge of the flame. Disconnecting the sense wire may assist with diagnosis.

	The ignition and sensing (ionisation) cables are damaged or the connections are corroded.
	Check and replace as necessary.

	There is no secondary voltage on the ignition side of the transformer/safety unit.
	Replace transformer/safety unit.

	The ignition cable and the sensing electrode cables are interchanged.
	Change.


No Flame Establishment In Spite Of A Trouble Free Start.
	Gas solenoid valve defective. 
	Replace.

	The gas solenoid valve does not open in spite of it obtaining voltage.
	Check and replace if necessary coil or valve.

	No voltage to the solenoid coil.
	Check appropriate contact on the safety unit.

	No power through the air pressure switch.
	Check the adjustment and the correct operation.

	The start air and gas settings, are incorrect for reliable ignition.
	Reduce or increase the gas supply, reduce the air supply.


The Burner Locks Out After The Safety Time Has Elapsed In Spite Of Flame Establishment.
	No ionisation current from the sensing electrode or the electrode is in the wrong position.
	Adjust the electrode, check cables.

	Flame sensing section of safety relay defective.
	Replace.

	Main voltage lower than 185 volts.
	Contact the electricity authorities.

	The ignition electrodes are disturbing the ionisation current.
	Adjust ignition electrode and repole the ignition unit if necessary.

	Bad earthing.
	Clean earth contact, ensure there is a large enough earthing area and good connections.

	Phase and neutral interchanged.
	Check wiring diagram.

	Gas pressure too low, gas train or fitting line undersized.
	Check and rectify.


Pulsations At Start
	The ignition and sensing electrodes wrongly adjusted.
	Readjust.

	Gas pressure too high.
	Check with pressure testing device and reset.

	The flue is blocked. 
	Check the chimney/combustion products exit area.


Pulsations During Operation
	The burner is not correctly adjusted.
	Readjust gas and air settings, these should be set with a flue gas analyser..

	The burner is dirty.
	Clean the burner.

	Defective chimney.
	Check and change the dimensions if necessary.

	Air or gas pressures not stable.
	Check line pressures with manometer.

	The burner flame shape is incorrectly matched to the combustion chamber. 
	Change burner or flame characteristics.


The Burner Is Operating Correctly But Locking Out Now And Then
	The ionisation current is too low.
	Check. This must be at least 2 uA but should be 8-20 uA of stable current. A micro ammeter is fitted into the sense cable line in series to check.

	The sensing electrode is in the wrong position.
	Readjust.

	Voltage drop at certain times.
	Monitor and contact relevant authorities.

	Spark over on electrodes. 
	Check ceramic and replace.

	The ambient temperature of the safety relay is too high. 
	Relocate or insulate from the heat.

	The ignition spark is too weak. 
	Check the safety unit/transformer.


Bad Combustion
	Bad draft conditions.
	Check the chimney.

	The flue gas temperature is too high. 
	The appliance is over loaded, reduce the quantity of gas.

	The CO2 content is too low.
	Check the appliance does not have air leaks. Restrict the draft.


The Co Content Is Too High (This Should Be Checked In Conjunction With The Co2 And O2)
	Excess air.
	Restrict the air flow.

	Air shortage.
	Open air supply. Check the flue damper.

	The gas burner tip is dirty/clogged.
	Clean.

	The fresh air intake (if applicable) is too small.
	Check and enlarge.

	The flame is not burning straight because the burner tip is out of position.
	Check the tip and adjust.


Condensation In The Appliance And Chimney
	The flue gas temperature is too low or the quantity of gas is not sufficient.
	Increase the flue gas temperature by increasing the gas supply. Insulate the chimney.


