


pendicular to the vessel.  If the burner is not level or per-
pendicular, loosen the mounting clamps, reposition the 
burner and retighten.  This will properly align the burner 
flame with the furnace and allow the proper flow of liquid.  
Oil combustion will not work properly if not level.  

The burner is equipped with a mounting support to secure 
it to the floor (Figure C-3).  This is a pipe coupling attached 
to the burner.  To secure the burner to the floor, pipe sec-
tions are installed to these couplings and a flange mount 
is secured to the floor.

4.   Gas Piping
WARNING

DO NOT USE TEFLON TAPE OR COMPOUNDS 
CONTAINING TEFLON.  THIS COULD DAMAGE 
THE VALVES CREATING AN UNSAFE OPERATION

NOTE TO INSTALLER: The manual shutoff valve on the 
gas supply drop line to the burner must be conspicuously 
labeled. 

Figure C-10 shows a typical gas piping schematic, al-
though some components can vary based on size, insur-
ance and other requirements.  Consult the job specific gas 
train piping schematic (provided with the burner if train is 
supplied by Webster), along with a detailed list of compo-
nents for specific details.  This must be followed to prop-
erly locate the components in the gas train.

The gas piping must comply with all local and state codes 
and must be in accordance with the local gas company 
and insurance requirements.  

If the gas train has not been factory assembled, the com-
ponents should be assembled as indicated on the gas pip-
ing schematic furnished with the burner.  The section be-
tween the two manual shutoff valves is mounted securely 
to the base rail on the side of the vessel.  A drip leg should 
be provided upstream of the first manual valve to collect 
any moisture or contaminates.  
Some general considerations for this installation are:
a.  The piping to the burner must be sized to provide gas at 
the pressure and volume indicated on the order.  
b.  The gas piping should be installed according to local 
regulations and any applicable insurance requirements.
c.  The gas pressure regulator usually requires a minimum 
straight length of pipe leading into and from the valve for 
proper operation.  Also some regulating valves require a 
downstream pressure tap that must also be located at a  
certain dimension from the valve.  These details are pro-
vided in the job specific details provided with the burner.
d.  The piping between the train and burner must be done 
in a manner that will minimize the pressure drop.  The pipe 
size should be the larger of the two connection points (on 
the train or the burner connection) and must use a mini-
mum amount of elbows.
e.  The gas piping should be cleaned to remove filings and 
other debris common in the construction process.
f.  The piping should be pressure tested with inert gas at 
two times normal operating pressure before use.
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2.  Refractory Frontplate

The refractory front plate is used to adapt the burner to the 
vessel.  While the specific dimensions will vary with differ-
ent vessel and burner configurations, all will be similar in 
shape to that shown on the drawings at the beginning of 
this section.  There is a difference in the shape depending 
on the vessel type.  Fig. C-1 shows a scotch firetube and 
C-2 shows the shape for watertube, firebox and cast iron.  
A mounting flange on the frontplate is used to clamp the 
frontplate to the vessel.  Bolts on the frontplate are used to 
clamp the burner to the frontplate.  High temperature fiber-
glass rope gaskets are used to seal each connection.

A rope gasket is applied to full surface of the frontplate 
mounting flange (it must cover the full face of the flange) to 
seal the refractory front plate to the vessel (a spray adhe-
sive can be used to hold the gasket in place temporarily).  
The refractory frontplate is inserted into the furnace and 
clamped to the end of the furnace.  The refractory must 
be centered in the furnace, so that the gap between the 
refractory and furnace is uniform.  Clamp the frontplate to 
the furnace with uniform tension on the bolts, starting with 
a low torque for all bolts and then repeating with higher 
torque levels until tight.

Pack the gap between the refractory and furnace with ce-
ramic blanket insulation (or ceramic rope) for at least 4 
inches from the end of the refractory.  This can be accom-
plished by reaching in from the center hole, and placing 
the insulation between the refractory and furnace, then 
pushing it in with a block.

3.  Burner Mounting 

A rope gasket is applied to the burner mounting flange, 
completely covering the flange (the 3/8” fiberglass gasket 
is provided with the burner).  A ceramic insulation is placed 
on the end of the burner, as shown in Figure C-9.  A spray 
adhesive can be used to hold these in place prior to instal-
lation.
The burner is then inserted into the frontplate, centered 
evenly (the recess will center the burner) and clamped into 
position. Clamp the burner to the frontplate with uniform 
tension on the bolts, starting with a low torque for all bolts 
and then repeating with higher torque levels until tight.  
See Figures C-1 and C-2 for correct refractory shapes.

The burner should be checked for level and must be per-

Figure C-9  Ceramic
Blanket and Rope Gasket

Ceramic Blanket

Rope Gasket

Gas Spuds

Diffuser
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5.   General Oil Piping 

WARNING
DO NOT USE TEFLON TAPE OR COMPOUNDS CON-
TAINING TEFLON.  THIS COULD DAMAGE THE 
VALVES CREATING AN UNSAFE OPERATION.

The amount of oil piping required in the field will depend 
on the type of system and how the burner was purchased.  
If the burner was factory mounted to the boiler, much of 
the installation work may already be complete.  Units with 
heavy oil have more complexity built into them and will 
require more installation effort.  The items identified in 
this manual assume that none of the installation work has 
been done by others.
The oil piping must be constructed to provide the flow and 
maintain the pressure required for proper system opera-
tion.  Refer to the previous section for details on each of 
the different types of oil systems and how they operate.  
See Figure C-4 for typical oil piping system.

Some of the actions required for successful piping sys-
tems are:
a.  Oil storage tanks and piping must conform to The Na-
tional Fire Protection Association “Standard for the Instal-
lation of Oil Burning Equipment NFPA-31”, local ordinanc-
es and EPA underground storage tank requirements. 
b.  Oil lines shall be substantially supported and protected 
against physical damage.  Buried lines shall also be pro-
tected against corrosion.
c.  After installation and before covering, buried lines 
should be pressure tested for leakage.
d.  Cast iron fittings should not be used.
e.  Aluminum tubing should not be used.
f.  Proper allowance should be made for expansion and 

contraction, jarring, vibration and tank settling.
g.  Always run full size lines.  Figure C-8 gives minimum 
pipe sizes.
h. Suction and return lines shall be as short as possible.
i.  The oil lines must be cleaned to remove water, rust and 
foreign matter.  A common method of cleaning the oil pip-
ing is to temporarily install a short copper tube to the pump 
inlet, feeding the pump oil from a bucket.  The gauge must 
be removed and the tapping plugged.  The pump is run 
for a short time by manually engaging the motor starter by 
pushing it with a piece of wood.  If flow does not establish 
within 2 minutes of engaging the pump, shut the pump off 
and run through the priming procedure again.  
j.  The standard oil pumps can provide suction (vacuum) 
of 10 inch of Hg when used to pull from a tank.
k.  A strainer is required to protect the pump, valves and 
oil nozzle.  This strainer is not part of the standard equip-
ment supplied by Webster, but is intended to be supplied 
and installed by others.  The strainer should have a maxi-
mum filter opening of 0.027” for #2 oil and sized to handle 
the full flow rate of the pump (Figure C-7).  The strainer 
must also handle the temperature and pressure.  Retain 
and follow the strainer instructions supplied by the manu-
facturer.  It is essential that these instructions be followed 
to insure proper filtration to protect the pump, valves and 
nozzle.
l.  In Canada, refer to CSA Standard B139, “Installation 
Code for Oil Burning Equipment” for recommended instal-
lation procedures.
m.  The oil lines and most valves are sized to handle the 
full pump capacity.  The pumps are selected for a capacity 
of at least 1.5 times the maximum nozzle rate.  If pumps 
are used with substantially higher flow rates, these selec-
tions may not function correctly.  This is especially critical 
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for the pressure atomized system where the metering 
valve is sized for the pump flow.

The selection of the oil pipe line size is critical for proper 
operation of the system.

CAUTION
PUMP FAILURES CAUSED BY FOREIGN MATTER 
IN THE OIL LINES WILL NOT BE COVERED BY 
WARRANTEE

6.   Pressure Atomized Oil System

A pump is provided as standard with this system (Figure 
C-8).  There are several components that are required to 
complete the oil system as indicated on the schematic.  
The burner supplied oil pump suction should not exceed 
10” hg.

The oil pump should be mounted close to the burner, so 
that the pressure and flow can be properly controlled.  

The oil supply and return lines must be piped to the burn-
er, with the components installed as shown in the sche-
matic.  The motor base of the oil pump should be bolted 
securely to the floor or some rigid base.

7.  Air Atomized #2 Oil

The standard air atomized burner equipped for light oil 
may not include the optional oil pump.  Oil is to be de-
livered to the burner at a constant 50 to 75 PSIG and 
with a flow capacity that is at least 50% higher than the 
rated nozzle capacity.  For pump selections, the capac-
ity should be 50% over the nozzle capacity.  A supply 
and return line connection are required, along with the 
components indicated.  The lines must be sized cor-
rectly to provide the required flow with minimal pressure 
drop.  The pressure in the return line should not exceed 
3 PSIG.

Equivalent Lengths of Pipe Fittings
(Schedule 20/40 - use for 
calculating total lengths)

Pipe diameter      
        (in)

1.5 2 2.5 3 4 5 6 8 10 12 14

Mitered 90o elb 
or “T” side flow 9.0 10 13 16 21 26 32 42 52 61 71

Standard 90o 
elbow 4.5 5.2 6.4 8 8.7 11 13 17 22 26 30

Long rad 90o 
elb (rad = 8 x 
dia)

3.0 3.8 4.5 6 7.1 8.7 10 14 17 20 23

Mitered 45o 
elbow 2.4 3 3.5 4.5 3 6 8 10 12 14 16

FIGURE C-11
Equivalent Lengths of Fittings for FGR Duct

The oil supply and return lines must be piped to the burn-
er, with the components installed as shown in the sche-
matic.  The oil pressure regulator must be located close 
to the burner to provide a constant oil supply pressure.

8.  Gas Pilot

The typical piping arrangement for the gas pilot is shown 
in Figure C-10.  The supply is connected upstream of the 

first manual gas valve.
9.   FGR Duct System

If the burner is equipped with Induced Flue Gas Recircu-
lation (IFGR), it will require a duct connection between 
the stack outlet of the boiler and the air inlet of the burner 
(See Figure C-13).  FGR is used to reduce NOx emissions.  
There can be different levels of NOx emissions that require 
different quantities of flue gas and different FGR duct and 
valve sizes.  Proper sizing and installation of the FGR duct 
must be done to provide the required emission control and 
burner performance.  

The FGR control valve is already installed on the burner 
and the duct will connect to this point.  Depending on the 
duct size required, a pipe reducer may be required to match 
the control valve to the duct.  The control valve is usually a 
smaller pipe size.  The FGR shutoff valve may also require 
a pipe reducer, depending on the duct size.

If the FGR duct is to be installed in the field, the following  
procedures should be used to determine the best arrange-
ment.  The process uses a “Trial and Error” sequence to 
evaluate different possible duct arrangements.   

a.  Put together a duct arrangement based on a estimated 
duct size.
b.  Determine the equivalent total pipe length based on the 
arrangement and fittings used.
c.  Calculate the actual pressure drop in the duct using the 
value in Figure C-12 for the drop per 100’ of pipe.
d.  If this pressure drop is higher than the allowed drop (in 
Figure C-12), select a larger duct size or fittings that have a 
lower equivalent length and repeat the above steps.
e.  If the calculated pressure drop is less than the maximum 
drop, that arrangement can be used.  

Figure C-11 can be used to determine the equivalent duct 
length.  Each fitting used in the duct has an equivalent 
straight pipe length, which is given in the chart.  By adding 
up all of the equivalent lengths (including the length when 
multiple fitting are used) and all of the straight pipe lengths, 
the total equivalent length can be determined.  This number 
is used to determine the pressure drop.

Figure C-12 provides pressure drop information used in siz-
ing the FGR duct.  The maximum FGR duct pressure drop 
is given for different inputs and NOx levels.  The duct must 
be sized to be under this pressure.  For a specific duct de-
sign, the equivalent length is used with the pressure drop 
per 100 feet of duct (selected from the chart, for the burner 
input and NOx level).  The total pressure drop is:

Pressure drop = (drop per 100 feet)*(equivalent 
length)/100

This is the pressure drop expected from the duct that was 
selected.  If the pressure drop is higher than the maximum 
allowed drop, the duct must be modified to reduce the pres-
sure drop.  This can be done by reducing the total length, 
using fittings with lower pressure drops or using larger pipe 
sizes.  The pressure drop from the FGR control valve and 
shutoff valve (if required) do not need to be included in this 
evaluation.
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FIGURE C-12        Pressure Drop per 100 feet of Duct (in wc)

BHP
Max Inlet 

Press 2.5” 3” 4” 5” 6” 8” 10” 12”

Pressure drop for 60ppm NOx - Natural Gas Firing

50 0.75 1.0 0.4
60 0.75 1.4 0.5 0.1
70 0.75 1.9 0.7 0.2
80 0.75 2.5 0.9 0.2

100 0.75 3.8 1.5 0.3
125 0.75 6.0 2.3 0.5 0.2
150 1.00 3.3 0.8 0.2
175 1.00 1.1 0.3

           Pressure drop for 30ppm NOx - Natural Gas Firing

50 0.75 4.6 1.1 0.3 0.1
60 1.00 1.6 0.5 0.2
70 1.00 2.1 0.6 0.2
80 1.00 2.8 0.8 0.3

100 1.25 4.4 1.3 0.5 0.1
125 1.25 2.0 0.7 0.2  

Pressure drop for 20ppm NOx - Natural Gas Firing

50 0.75 2.7 0.8 0.3
60 1.00 3.8 1.1 0.4
70 1.00 5.2 1.5 0.6 0.1
80 1.00 2.0 0.7 0.2

100 1.25 3.1 1.1 0.3
125 1.25 4.8 1.8 0.4 0.1  

150 1.50 2.6 0.6 0.2  

175 3.5 0.8 0.2  
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be located with the same 45 degree cut facing the flue gas 
flow stream and with the center of the cut in the center of 
the stream.  Do not locate in an area that does not have a 
high volume of flue gas flow, or there may not be enough 
FGR available.
b.  The duct should be routed in a manner that has the 
minimum number of elbows and provides for the normal 
expansion and contraction of the piping.  Long duct runs 
can change length by over 1” and can put an extreme load 
on the connecting points that could cause component fail-
ures.  The design must include offsets that will allow for 
the required movement of the piping without undue force 
on the burner or stack.
c.  Duct expansion and contraction can be managed by 
using two relatively long duct runs that are 90 degrees ap-
posed to each other, similar to that shown in Figure C-13.  
A small movement in the angle between these two legs will 
provide the space needed to absorb the expansion and 
contraction.  The ends of the FGR duct must be securely 
attached to allow this to work properly, and prevent high 
loads from being applied to the burner or stack.
d.  A condensation drip leg must be provided upstream of 
the FGR control valve and the FGR shutoff valve (if used). 
There must be sufficient condensate drip legs and catch 
space (volume of drip legs) to prevent the condensation 
from flowing through the control valves and into the fan.  In 
cases of heavy condensation, a condensate drip leg may 
be required on the bottom of the housing, to remove con-
densate.
e.  Determine the duct size, as indicated above.  Remem-
ber that changing the fitting type and number of elbows 
can have a large impact on the pressure drop.  If the pres-
sure drop is too high, the unit will not make the required 
NOx or input due to the increased pressure drop.  The 
burner capacity is reduced about 6% for each 1” of pres-
sure drop.
f.  Determine the location of the FGR shutoff valve (link-
age systems only).  It can be mounted in either the vertical 
or horizontal run, but it must be near the top of a vertical 
run to reduce the potential for condensation collection.  If 
the valve is mounted in a horizontal run, the valve shaft 
must be horizontal (so condensation does not collect in 
the bearing) and the actuator motor must be on top of the 
valve (with insulation between the line and drive motor).  
Also, there must be a condensation drip leg in the horizon-
tal run before the shutoff valve to remove any condensa-
tion.
g.  Determine if pipe reducers are needed for the connec-
tion to the FGR control valve and the FGR shutoff valve.  
h.  The duct must be properly supported, handling both 
the weight of the duct and to control the thermal expan-
sion and

CAUTION
UNCONTROLLED CONDENSATION CAN CAUSE PRE-
MATURE FAILURE OF THE CONTROL VALVES, FAN 
AND MOTOR.  ADEQUATE MEANS MUST BE PRO-
VIDED TO REMOVE CONDENSATION FROM THE SYS-
TEM.  COLD STARTUP WILL GENERATE SIGNIFICANT 
AMOUNTS OF CONDENSATION.
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For example, consider the arrangement shown in Figure 
C-13.  There will be three 90 degree elbows (close ra-
dius) and 22 feet of straight pipe.  If 4” pipe is used, then 
the total length will be:  

 Length = (3 x 8.7) + 22 = 48.1 ft.

If this is a 100 BHP 30 ppm system, then the maximum 
duct pressure drop is 1.25”.  The calculated drop is:

 Pressure drop = 48.1 ft. x (4.4”/100 ft) = 2.1”

which is higher than allowed.  Adjusting the pipe to 6” 
gives a new length of:

 Length = (3 x 13) + 22 = 61 ft.

 New pressure drop = 61 x (.5”/100 ft.) = 0.3” 

This pressure drop is good.
Changing to a 90 degree “T” as shown in the alternate:

 Length = (2 x 13) + 32 + 22 = 80 ft.

 New pressure drop is = 80 x (.5”/100 ft) 
 = 0.4”

This pressure drop is still good.  Note the increase pres-
sure with the side outlet “T”.  The type of fittings used of-
ten has a bigger impact on pressure drop than pipe size.

The design of the FGR duct must include the following 
considerations,
a.  Normally the duct would connect to the stack as shown 
in Figure C-13, with a 45 degree cut facing the flue gas 
flow and with the center of the cut centered in the stack.  
The duct could be made to the smoke box, but must still 
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contraction.  The supports may need to be anchored to pro-
vide this stability in the FGR duct.
i.  The FGR duct is normally made from schedule 40 pipe 
because it is easily obtainable and inexpensive.  Schedule 
20 pipe can also be used for this application.
j.  The duct components must be seal welded, flanged or 
screwed together to provide an air tight duct.  Air leakage 
into the duct will prevent the system from working properly.  
It is sufficient to only inspect the welds for a proper seal, they 
do not need to be leak tested.

10.   Draft and Stacks

Stacks and breechings must be designed to maintain a rela-
tively constant draft at the boiler outlet without large varia-
tions.  The draft at the boiler outlet should be maintained 
within +/- 0.1” wc.  More important than the actual draft is the 
variation in draft at any given firing rate.  For example, a tall 
stack or multiple units in a single stack may have different 
draft conditions depending on the outside temperature and 
the number of units running.  The draft variation at any given 
firing rate should be controlled to within +/- 0.05” wc. 

The stack should be designed to avoid wind influences from 
adjacent structures as well as preventing the flue products 
from entering inlet ducts, windows or other occupied areas.  
It should be of sufficient height to extend above the roof of 
the building or adjoining buildings to avoid down drafts in 
the stack or the possibility of carrying combustion gases to 
undesirable locations.  Local codes should be checked for 
criteria on heights and exit velocities. 

The breeching should be designed to be as straight and 
short as practical, to minimize pressure fluctuations.  Smooth 
bends, gradual transitions, low velocities and tight construc-
tion are all important.  Round breechings are preferred to 
square or rectangular ducts because they are more efficient 
and less likely to generate noise on the flat side due to reso-

nance.  The size should be based on a maximum veloc-
ity of 30 ft/sec.  Changes in direction must be as slow 
as possible.  Circular elbows should be of at least a 
four piece construction with a centerline radius that is at 
least double the duct diameter (use three times the duct 
width for square ducts).  The breeching should have a 
slight upward elevation (about 1” per foot) towards the 
stack to help induce a draft.   Figure C-28 shows the 
total BHP that can be fired within different breeching 
diameters.  These can be multiple boilers of different 
size.

CAUTION
OIL BURNING EQUIPMENT SHALL BE CON-
NECTED TO FLUES HAVING SUFFICIENT DRAFT 
AT ALL TIMES, TO ASSURE SAFE AND PROPER 
OPERATION OF THE BURNER.

The connection of the breeching to the stack or multiple 
boilers to a common breeching or stack must be done 
with care.  The ducts should never be connected at a 
90 degree angle, but rather a 45 degree angle where 
the flows will easily join each other.  When connecting 
multiple boilers into a single breeching, the breeching 
size must be increased to accommodate the larger flow 
rates before the introduction of the added flow.  These 
breeching size changes must be gradual, with no more 
then a 10 degree slope change in the duct.  When mul-
tiple breechings are connected into a common stack, 
their locations must be staggered to prevent the flow 
of one breeching interfering with another.  Figure C-14 
shows these general guidelines.

Tall stacks can generate large drafts, and in fact the 
amount of the draft is related to the stack height.  Also, 
systems with multiple boilers can have draft variations 
that are well beyond the desired level.  These condi-
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Figure C14
Method of Connecting
Breechings and Stacks
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tions must be corrected to allow the burner to work prop-
erly, or the draft variations will cause combustion prob-
lems.  Controls can be added to compensate for this draft, 
and bring it back into the desired level.  The barometric 
damper is the most common and least expensive control.  
Several barometric dampers can be added to provide the 
total correction to the system draft.  

Draft controls are also available to regulate the draft by 
controlling an outlet damper.  The speed of response is 
critical to allow these units to work correctly.  If the draft 
control does not operate much quicker than the burner 
changes rate, the result may be large swings in draft as 
the control attempts to catch up with the burner.  A feed 
forward control is the best means of performing this con-
trol.  If there are large drafts due to tall buildings, special 
consideration must be given to the type of damper needed 
to regulate this draft, and the response of the control to 
maintain the proper draft.

11.   Electrical System

The burner is supplied as standard, with a control panel.  
The panel can be integral to the burner or remote  for 
floor or wall mounting.  The proper location will allow the 
operator to see the burner operate while manning the con-
trols.  In some areas, there are local regulations that de-
fine where the control panel must be mounted in relation 
to the vessel.  

The remote control panel must be securely attached to 
either the floor or the wall.  This should include lag bolts 
into the floor or wall.

The wiring diagram for the specific job should be followed 
for the connections to the panels and external equipment.  
The National Electric Code, Canadian Electrical Code, 
Part 1 or similar code for other jurisdictions should be fol-
lowed.

The following list covers the standard acronyms used on 
wiring diagrams:
AUX.  – Auxiliary
CB   – Circuit Breaker
C.C.W.   – Counter Clock-Wise
C.W.    – Clock-Wise

CR( )   – Control Relay
FGR   – Flue Gas Recirculation
FTS   – Fuel Transfer Switch
GND  – Ground terminal
H.W.C.O.  – High Water Cut Off
INT   – Interlock
L   – 120V line
L.F.H.  – Low Fire Hold switch
L.W.C.O.  – Low Water Cut Off
MR  – Manual Reset
N.  – 120 V Neutral
N.C.   – Normally Closed
N.O.   – Normally Open
P.L.F.S.  – Proven Low Fire Start
P.O.C.S.  – Proof Of Closure Switch
SW.   – Switch
TDR   – Time Delay Relay

Figure C-15
Maximum Boiler HP in Breeching

Breeching Dia. (in) Total Max Boiler HP
8 40

10 70
12 110
14 150
16 180
18 250
20 300
22 375
24 450
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D. Fuel and Electrical Systems
1. Gas Systems
2. Gas Pilot
3. Pressure Atomized Oil
4. Air Atomized #2 Oil
5. Fuel-Air-Ratio Controls

6. Electrical Controls
7. Operating and Modulating Controls
8. Flame Safeguards

The burner can be equipped with a wide variety of fuel and 
operating systems to control the fuel, air, modulation and 
safety.  This section describes how these systems operate 
and their common components.  

Each of the applicable systems must be completely under-
stood prior to operating any equipment.  In addition to the 
basic principles defined here, the component details and 
specific combination of components on your specific unit 
must be fully studied and understood.  The fuel diagrams, 
wiring diagram, component manuals and bill of materials 

for the unit must be included in the study.

1.  Gas Systems

All gas fuel systems have a common group of compo-
nents, including the pressure regulator, shutoff valves, gas 
control valve and pressure switches.  In addition, some 
systems use a vent valve, pressure switches and proof of 
closure switches.  The type and location of these compo-
nents can vary with the different applicable regulations, 
insurance and component supplier.

Figures 722003, 04, 05, 10 & 11 show the common gas 
trains arrangements used on the JBS burner line.  There 
may be other local or job site requirements that can alter 
the components in addition to those outlined in this sum-
mary. 

All gas and oil systems for the JBS burner are full modulat-
ing.  The two gas safety shutoff valves are either motorized 
or solenoid type and are controlled by the flame safeguard 
to provide safe control of the fuel flow.

The gas control valve is a butterfly valve used to control 
the flow of gas from the low fire to the high fire input.  The 
butterfly valve is driven by a fuel cam (linkage system) or 
a direct coupled actuator.  There are different types of gas 
control valves used, which may use mechanical low fire 
stops and/or may be internally ported as a smaller size.  
High turndown burners will require smaller control valves 
with higher pressure drops to provide adequate control at 
low fire.
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A vent valve is provided in some applications to allow gas 
that may leak past the first valve to escape to a safe point 
of discharge.  Vent valves are not used on propane 
fuels that are heavier than air or fuels that could be 
toxic.

A gas pressure regulator is used to provide a constant 
supply pressure to the gas train and butterfly control valve.  
This constant pressure through a variable orifice in the gas 
control valve obtains consistent gas flow rates.  The regu-
lator must be capable of operating through the full range of 
flows and pressure with consistent and steady pressures.  
The regulator may be located upstream of the safety shut-
off valves or integral with the second safety shutoff valve.

The high and low gas pressure switches are used to de-
tect an improper gas pressure situation and will prevent 
the burner from firing under these conditions.  The low gas 
pressure switch is located near the supply of gas to the 
gas train, to detect a loss of supply pressure.  The high 
gas pressure switch is located before the metering valve 
to detect a surge in pressure to the burner.

The gas train is designed to work with the pressure avail-
able at the job site.  This supply pressure generally refers 
to the pressure available at the entrance to the gas train, 
which is the pressure supplied to the gas trains shown in 
Figure D-1.  The supply pressure may vary depending on 
the operation of the unit, in which case a minimum and 
maximum pressure are needed to define the supply pres-
sure.  The maximum pressure is the static pressure, or the 
pressure in the line when there is no flow.  The leading 
components of the gas train are selected to operate up 
to these pressures.  The minimum, or dynamic pressure 
is that pressure available when the unit is operating a full 
rate, or the reduced pressure due to the flow in the line.  
The gas train is sized to this pressure, so that it can deliver 
the required flow to the burner with this available pressure.  
The job site supply pressures must be consistent with the 
pressures listed on the burner material list.

The regulated gas pressure is that pressure required to 
overcome the pressure drops in the piping, firing head and 
furnace pressure to deliver the required flow at high fire.  
Usually, one of the first steps in setting up gas combustion 
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is to adjust the regulator to get rated capacity.  This regu-
lator is usually at the beginning of the train, but in some 
cases, it can be integral to the second shutoff valve.  The 
pressure drops and regulated pressures will be different in 
these two designs.

The manual valves are provided to lock out the fuel flow 
during off times and during initial startup checkout.  They 
provide an added level of safety and can simplify mainte-
nance.

The gas piping can play a critical role in the operation of 
the system.  Throughout the system, the piping must carry 
the required flow without significant loss of pressure.  If 
the drop is too high, there may not be enough pressure to 
operate the burner a full capacity.  This is especially true 
between the gas train and the burner, where the pressure 
is lowest.  The piping between the train and burner should 
have a minimum number of elbows and / or turns to pre-
vent high pressure drops.

2.  Gas Pilot

Figure D-2 show the typical gas pilot systems.  Like the 
gas trains above, they have the common components of 
a pressure regulator and shutoff valve.  The gas line con-
nects upstream of the gas pressure regulator in the gas 
train.  

The gas pilot is positioned behind the diffuser, with the 
pilot flame passing through the diffuser.  The flame must 
be large enough to pass in front of the scanner tube for 
the Flame Safeguard to detect the pilot flame and allow 
the burner to start.  This also insures that there is sufficient 
pilot flame to ignite the main fuel.

The gas pilot can operate with either natural gas or pro-
pane.  Different internal orifices are used to regulate the 
gas flow and maintain the same pilot size with the two 
different fuels.

3.   Pressure Atomized Oil System

Figure D-3 shows a schematic of a pressure atomized re-
turn nozzle oil system.  This system uses pressure atom-
izing oil nozzles that have a built in return flow path.  When 
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oil is allowed to flow in the return path, the flow through the 
nozzle is reduced, and this is used to modulate from low to 
high fire.

A standard oil pump provides oil at a pressure of about 300 
psi to the nozzle.  At high fire, the bypass is closed or nearly 
closed and all of the pressure is available to the oil nozzle for 
maximum flow.  As the burner modulates to low fire, the oil 
metering valve is opened, causing some oil to flow through 
the metering valve and to the return line.  As the metering 
valve continues to open, more oil is bypassed and the flow 
through the nozzle continues to drop.  At high fire, the pres-

sure in the return line is about 150 psi.  At low fire, this 
pressure drops to about 65 psi.  Reducing the pressure 
too low can result in poor atomization and a smoky fire, 
which limits the turndown to about 3:1.  On standard link-
age systems, with combination gas, the gas turndown 
will be about the same as the oil turndown, based on 
the air damper positions.  Optional multi-point modula-
tion motors or parallel positioning systems can be used 
to improve the turndown of gas firing on a combination 
burner.  The multi-point modulation motor can provide 
different low fire positions for gas and oil, and therefore 
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different turndowns.

The oil pump is supplied as a separate assembly that in-
cludes the pump, backpressure regulator, motor, coupling, 
interconnecting housing and motor (Figure B-13).  An op-
tional gauge may also be provided.  The motor starter for 
the pump is included in the control panel.

The safety shutoff valves determine if the burner is al-
lowed to fire on oil, as controlled by the flame safeguard 
system.  These valves are the solenoid type except units 
over 89 GHP with FM or IRI insurance, where the valves 
are motorized with POC (Proof of Closure) switches to 
prove closed position prior to allowing the unit to operate.   

The low oil pressure switch is used to prove sufficient oil 
supply to the burner.  It is adjusted to a pressure that is 
below the minimum pressure expected at that location in 
the system.
Two check valves are provided in the system downstream 
of the nozzles to prevent the possible reverse flow of oil 
from the return line.   One valve is located in the oil gun 
and the other is located on the burner piping. 

A strainer, manual valve and second check valve should 
be installed in the field piping to allow proper operation of 
the system (Figure D-3).

4.  Air Atomizing #2 Oil

An air atomizing system uses compressed air to atomize 
the oil.  The oil pump and oil pressure regulating valve are 
optional and may be provided by others.

Figure D-4 shows a schematic of the air atomizing #2 oil 
system.  The oil nozzle has two inputs, oil and air.  Oil is 
supplied to the system at 125 PSIG.  An optional remote 
pump assembly may be used, or it can be provided by 
other systems.  In either case, a backpressure regulator is 
required to provide a constant pressure to the system.

The oil metering valve regulates the flow of oil to the nozzle 
and is used to vary the oil flow rate from low to high fire.  
Modulation is obtained by a fuel cam (linkage system) or 
by a direct drive actuator.

An air compressor is used to supply air for atomization.  
The air compressor is provided as a separate assembly 
and is field piped to the burner.  The compressor should be 
located as close as possible to the burner to prevent loss 
of airflow.  Also, the piping should be done to minimize the 
use of elbows and turns that result in pressure loss.  The 
following chart should be used to determine the minimum 
size (Figure D-5).

Atomizing Air Line Minimum Pipe Size
Piping Length (feet)

Boiler HP 0 - 100 feet 100 - 200 feet

40 - 175 3/4” 1”

Figure D-5  Air Atomizing Pipe Size

The atomizing airflow rate is regulated by the bleed valve, 
which can bleed off the excess air not required for good 
atomization.  In some systems, especially with lower turn-

down rates, the bleed valve is set manually and does not 
vary.  In other systems, especially with higher turndowns, 
the bleed valve is modulated with firing rate, by connection 
to the jackshaft or by a direct drive actuator.

5.  Fuel-Air-Ratio Controls

All JBS burners are full modulation.  That means that they 
can modulate from a lower input to a higher input, based 
on a measured need for more or less input.  The system 
that adjusts the fuel and air flow is called fuel-air-ratio con-
trols and is covered in this section.

For proper operation, the rate of fuel and air flow must be 
closely matched for clean and efficient combustion.  Too 
little combustion air and not all of the fuel will be burned, 
wasting fuel and increasing emissions.  Too much air and 
the energy is wasted in heating this excess air to a rela-
tively high stack temperature.

There are two common types of fuel-air-ratio controls, sin-
gle point positioning (linkage) and parallel positioning (link-
ageless).  The linkage system uses mechanical shafts and 
connection links to physically tie the air and fuel control 
valves together.  A modulating motor is used to modulate 
the valves from low to high fire by providing a 90 degree 
rotation that matches the firing rate required.  A long shaft, 
called the jackshaft is used to distribute this 90 degree 
rotation to each valve.  Linkage arms are connected from 
the jackshaft to the valve.  By adjusting the positioning of 
the linkage, the air and fuel valves can be set to match 
each other.  A fuel cam is used to provide some improved 
flexibility in adjusting the intermediate fuel rates, to match 
the air damper settings.  If the unit has FGR, the FGR 
control valve will be tied together with the other valves to 
provide the correct flow at each firing rate.

The linkageless system uses independent electric actua-
tors for each fuel, air and FGR valve.  These are driven by 
a controller, which is programmed to set the correct posi-
tion of each valve at multiple firing rates.  The linkageless 
system offers more flexibility in adjusting the valves, in-
cluding low and high fire positions and different FGR rates 
for each fuel.

An optional multiple position modulation motor (Figure E-
3) can be used on a linkage system to provide different low 
and high fire settings for the different fuels, expanding the 
turndown capabilities of individual fuels.  

6.  Electrical Controls
The burner is provided with a control panel or an optional 
junction box on the burner and free standing control panel.  
The unit specific wiring diagram shows the wiring details 
of all these components, including the interconnecting wir-
ing that may be required in the field.  The motor starters 
for the oil pump and air compressor (if provided) are also 
included inside the control panel.

In some cases, the burner wiring diagram shows the inter-
connection of all the vessel safety and operating controls, 
like the low water cutoff.  In other cases, these are shown 
on a separate diagram supplied by the vessel manufac-
turer.  In all cases, these controls must be integrated to-
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gether.

7.  Operating and Modulating Control

Burner operation, for on-off cycling and modulation are con-
trolled by the boiler steam pressure or hot water tempera-
ture variation from set point.  Parallel positioning systems 
generally use sensors to measure temperature or pressure 
and are programmed in a unique method, not covered in 
this manual.  Refer to the control manual, provided with the 
burner, for complete details on setting the controls.

The standard equipment will include a high limit control, an 
operating control and a modulating control (not normally sup-
plied with the burner).  All of these controls are piped to the 
steam or hot water piping connected to the vessel.  These 
three controls must be adjusted to function together or the 
burner will operate inefficiently and provide poor system re-
sponse.  If excessive on-off cycling occurs, the components 
will wear out prematurely.  Figure D-8 shows the relation-
ship between the temperature or pressure and burner firing 
rates.

The high limit control senses the hot water temperature (ves-
sel outlet) or steam pressure.  It is used as a safety limit to 
turn the burner off if the operating control fails.  If this limit is 
tripped, the burner will remain off and will have to be manu-
ally reset.  The high limit control should be set sufficiently 
above the operating control (pressure or temperature) to 
avoid nuisance shutdowns.  The high limit control cannot be 
set above the temperature rating of the vessel or connected 
piping.  This point is indicated on the far right of Figure D-6 
and represents the highest temperature or pressure avail-
able.

The Operating Control senses the temperature or pressure 
and automatically turns the burner on to initiate the startup 
sequence when the temperature or pressure drops below 
the “Burner On” point (“B” on Figure D-8) and initiates the 
shut down sequence when the load is satisfied and the tem-
perature or pressure rises above the “Burner Off” point (“A” 
on Figure D-6).

The modulating control senses the temperature or pres-
sure and signals the modulating motor to set the fuel 
and air input rates at a level consistent with the indicated 
temperature or pressure.  An increasing load will cause 
the temperature or pressure to drop and the modulat-
ing motor will sense this lower level and increase the 
fuel and air input accordingly, starting modulation from 
low fire at point “C” and arriving at high fire at point “D” 
(Figure D-6).  This control must be set to allow normal 
shutdown at low fire.

As Figure D-6 shows, there should be clear separation 
between each of the control points for the system to 
work properly.  If the controls are positioned too close 
to each other, or even overlapping, the burner will have 
excessive ON-OFF cycling that reduces efficiency, in-
creases wear and can cause premature failure of the 
components.  Standard burner motors in the JBS size 
range should not cycle on and off any more than 2 to 4 
times per hour.

8.  Flame Safeguards

Several different FSG (Flame Safeguards) are offered 
for the JBS.  They all perform the common function of 
controlling the process of pre-purge, pilot trial for igni-
tion, main trial for ignition and flame safety as well as 
monitoring limit switches and sensors.  The actual de-
tails of operation can vary.  The manual for the specific 
FSG is included with the burner and should be studied 
carefully prior to installation, startup or operation.

The operating sequence, especially the sequence of 
when the limit switches are checked, will be an impor-
tant tool in troubleshooting the burner.
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1.  Visual Inspection
2.  Burner drawer checkout
3.  Motor Rotation
4.  Fuel, FGR and Air Control
5.  Fuel Cam Adjustments
6.  Air Damper Adjustments
7.  Pilot and Scanner Set-up
8.  Gas System Adjustments
9.  Oil System Adjustments
10.  Air proving Switch
11. Operating and Modulating Controls
 
The burner is adjusted at the factory to provide typical po-
sitions of the fuel, air and FGR valves.  There may be sig-
nificant differences for your specific application, based on 
different altitudes, temperatures, fuels and furnace condi-
tions.  The burner must be adjusted to meet these specific 
application conditions.  In addition, several checks and ad-
justments are required prior to startup.  This section covers 
these preliminary checks and adjustments.

WARNING
ADJUSTMENTS DEFINED IN THIS SECTION ARE 
ONLY INTENDED TO COVER THE INITIAL BURNER 
STARTUP.  FINAL ADJUSTMENTS AS DEFINED IN 
SECTION F MUST BE DONE TO PROVIDE THE FULL 
SAFETY OF THE SYSTEM.  FAILURE TO PROPERLY 
ADJUST THE CONTROLS COULD RESULT IN INJU-
RY OR DEATH.

CAUTION
BURNER ADJUSTMENTS SHOULD ONLY BE PER-
FORMED BY TECHNICIANS TRAINED AND EXPERI-
ENCED IN THIS WORK.  FAILURE TO USE PROP-
ERLY TRAINED AND EXPERIENCED TECHNICIANS 
COULD RESULT IN EQUIPMENT DAMAGE, PER-
SONNEL INJURY OR DEATH

1.  Visual Inspection

The shipment and installation of the burner can result in 
loose connections, bent arms and other changes.  The 
burner should be visually inspected for any unusual condi-
tions before operating.
•  All wiring connections are tight.  Test pulls on wire show 
   them to be tight.
•  All fuel lines are tight.  
•  Burner is mounted to vessel and floor, with all bolts
   secured.
•  The linkage and cams are tight.
•  The linkages, cams and valve actuators are aligned 
and 
    have not been bent during installation.
•  The air damper, FGR line and control valves are tight.
•  The oil lines are tight.
•  Check the valve positions to insure they are in the cor-

E. PRELIMINARY ADJUSTMENTS
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rect position (they should all be in the low fire position).

2.  Burner Drawer Checkout

The access cover on the head extension should be re-
moved to inspect the burner drawer assembly and mount-
ing to insure that all components are secure and in their 
proper position.  Figure E-1 shows the location of the com-
ponents in the burner drawer.  Some components can be 
adjusted to improve combustion and can operate through 
a range of dimensions.  Other components, like the pilot, 
must be in their identified position to work properly.
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The burner is adjusted at the factory with initial settings for 
this application.  These settings may be different than the 
initial values in the chart, these positions are based on test 
firing and should be used.

The burner drawer must be inspected to insure that the 
components have not shifted or come loose during transit 
or installation.  The burner drawer access cover must be 
removed to perform this inspection.  The following is a list of 
checks that should be done.

•  The scanner tube should go through the diffuser and ex-
tend about 1/8” past the diffuser.
•  The diffuser should not be crooked and must have the    
same spacing to the gas spuds throughout its circumfer-
ence.
•  The pilot should be about 1/2” behind the diffuser, adjacent    
to the scanner tube, so that the pilot flame will flow in front of 
the scanner. (Dim. B)
•  The ceramic blanket must be in position between the front 
of the gas housing and the refractory, all the way  around.
•  The word “TOP” should appear on the top of the oil gun, 

on the outside of the backplate.

3.  Motor Rotation 

The combustion air fan and pump motors must be 
checked for proper rotation.  The motors can be mo-
mentarily powered by pressing the mechanical actuator 
on the starter.  This should be done with a wood block 
for insulation value.

The combustion air fan rotation is marked with an arrow 
on the windbox.  The rotation can be observed within the 
motor to verify correct rotation, or if this is not accessible, 
the burner drawer can be removed to directly observe 
the fan.  The oil pump has a slot between the motor and 
pump where the rotation can be observed.  An arrow on 
the pump shows the correct rotation.  The direct drive air 
compressor can rotate in either direction, but belt driven 
compressor must rotate as the arrow indicates.

4.   Fuel, FGR and Air Control

The fuel and air valves have initial positions set at the 
factory.  Differences in air density, fuel properties and 

Dim. Initial 
Setting

Range Description

A 1/4” 0“- 1 1/2” Diffuser to gas spud

B 1/2” None Diffuser to pilot

C 1/4” 1/8” - 1/2” Diffuser to nozzle

D 3 1/2” None Pilot to scanner

Figure E-2 Burner Drawer 
Setup Dimensions
(See Figure E-1 for “Dim”)

Figure E-1
Burner Drawer Setup
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supply pressure will require tuning of the burner.  The 
initial positions of the air damper, FGR valve, gas valve 
and oil valve should be adequate to support the start-up 
process, but must be checked so that movement did not 
occur during shipment or installation.  If this is a linkage 
burner, the linkage should be adjusted to allow for modu-
lation from low to high fire, with each valve opening 45 to 
90 degrees.  This should be checked by one of the two 
methods below.

Honeywell Brand Modulation Motor:
The modulating motor can be operated by removing the 
cover, and removing the yellow wire to drive the motor 
to the high fire position.  Connecting the yellow wire will 
cause the motor to drive to low fire position.  This is a low 
voltage (24 VAC) wire that can be handled safely, how-
ever, care must be used as high voltage is also present.

Adjusting Wheel 
Matches Adjacent 
Circuit

Circuit Designation 
Shown on Wiring 
Diagram

Figure E-3 Multiple Setpoint Modulation Motor (Landis)

Landis Brand Modulation Motor:
This motor has multiple set points, one for gas and one for 
oil.  Removing the cover will expose a manual/auto switch 
that will allow the motor to be cycled manually to check the 
linkage and valve positions. 

CAUTION
IN MANUAL POSITION, END STOPS DO NOT LIMIT 
TRAVEL ON THE MULTIPLE SET POINT 
MODULATION MOTOR.  MONITOR AND DECREASE 
TRAVEL IF THE VALVES APPROACH FULL TRAVEL 
TO PROTECT THE VALVES FROM DAMAGE.

Figure E-3 shows the internal settings of the multiposition 
modulation motor.  Each adjustable cam setting is related 
to an electrical connection (or circuit in motor).  These 
circuit numbers are listed on the wiring diagram so that 
the low and high points of each fuel are identified.  These 
would be adjusted independently to obtain the input rates.  
The valves and linkage should operate smoothly without 
strain or jerky actions.  If this occurs, check for binding link-
age and rod ends that are not within their range of motion 
and readjust as required.

If the burner is equipped with FGR, the FGR valve will 
modulate with the fuel and air valves and it should travel 
from the near closed low fire position to a position that is 
about 45 to 90 degrees open at high fire.  Dual fuel units 
can have additional controls, preventing or limiting FGR 
from flowing during oil firing.  Some FGR units (designed 
for 30 ppm NOx or lower on natural gas) will be equipped 
with a potentiometer in the control panel that will allow the 
shut-off valve to partially open and allows a small amount 
of FGR to flow when firing oil.  This keeps the oil input 
close to the gas input (lowering the FGR rate increases 
the combustion air rate).  The oil combustion is generally 
better when some FGR is used at low rates thus NOx level 
will be reduced.
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On combination fuel, linkage burners with FGR, the shutoff 
FGR valve may require adjustment for oil firing.  If the gas 
NOx level is 60 ppm, no adjustment is needed and both 
fuels can operate with he same FGR setting.  

5.  Fuel Cam Adjustments
The fuel cam needs to be checked for correct travel and 
alignment.  Positions can change during shipment and 
installation and they must be reviewed prior to startup.  
The fuel cams are mounted to the ends of the jackshaft 
assembly.  A cam follower link follows the profile established 
by the adjusting screws and drives the fuel valve.  A thin 
metal band is used between the screw and cam follower to 
provide a smooth profile.  The adjusting screws are backed 
by compressed nylon inserts, which provide a resistance to 
turning.

The cam (Figure E-4) should be checked for the following 
conditions:
a.  At the low fire position, the roller should be between the 
first two adjusting screws.  If not, adjust the position of the 
cam accordingly, making sure to maintain the same low fire 
fuel valve position.
b.  When the linkage is modulated from low to high fire, the 
roller must stay in the center of the adjusting screws within 
1/8”.  If needed, the two cam set screws can be loosened 
and the cam moved to center it on the roller.
c.  At high fire, the roller should be between the last two 
adjusting screws.
d.  The adjusting screws should form a smooth contour with 
no jumps between the screws.
e.  In preparation of startup, the retention plate can be 
removed temporarily to make it easier to adjust the screws.
THE RETENTION PLATE MUST BE REPLACED WHEN 
SETUP IS COMPLETE.

If the unit is equipped with a parallel positioning system 
(linkageless), the control valves can be positioned 
and  operated in a similar manner, but accomplished 
through the controller.  Refer to the instruction manual 
for details.

CAUTION
LINKAGE AND ACTUATOR MOUNTINGS CAN BE 
BENT OR MOVED DURING SHIPMENT AND IN-
STALLATION.  THEY MUST BE CHECKED PRIOR 
TO OPERATION AND ANY FAULTS CORRECTED.  
FAILURE TO CORRECT A MISALIGNED CONTROL 
WILL RESULT IN PREMATURE FAILURE.

6.  Air Damper Adjustments

Low fire is set at the factory to an approximate position 
(usually about 5o to 10o from vertical position).  
Turndown 
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and low fire air requirements will dictate actual position.  
A high turndown burner will have a very small gap at low 
fire (1/16”) while a normal turndown could have gaps of 
1/8” to 1/4”.  High fire position is typically 30o to 60o open, 
depending on the application.  The combustion settings will 
determine final position.

Linkage adjustments are done as with any other equipment.  
The damper is configured with a slow opening profile, so 
that the change in airflow from low fire is more gradual than 
a typical air damper.  Extreme linkage setups that attempt 
to slow the damper opening off of low fire are not required.  

7.  Pilot and Scanner Set Up

The pilot assembly is located on the end of a gas pipe that 
is inserted through the burner drawer assembly.  A bracket 
mounted to the guide tube is used to hold the pilot end in 
the correct position.  A collar and setscrew are used to lock 
the gas pipe in position on the back plate.  

The pilot should be located as shown in Figure E-1.  Figure 
E-5 shows the component dimensions of the pilot.  The 
pilot can be adjusted while operating, to obtain the best 
flame position.  

The gas pilot regulator should be adjusted for a gas pres-
sure of  5 – 10 inches WC (Figure E-6).  

Use Screwdriver 
to Adjust Regula-
tion

Removable 
Cover

Figure E–6  Gas Pilot Regulator Adjustment

The scanner is mounted to a tube that is inserted through 
the burner drawer back plate and through a hole in the 
diffuser.  The scanner sight tube should extend about 1/8” 
past the diffuser.  This position ensures that the scanner 
only sees the actual flame, and not a spark or other false 
signals.

8.   Gas System Adjustments

The gas pressure regulator should be set to the required gas 
pressure.  If this value is not known, a value of approximately 
50% over the high fire gas manifold pressure (given on 
burner nameplate) can be used for the initial setting.  It will 
be adjusted at startup to obtain the rated capacity during 
setup (Figure E-7).  

Removable
Cap

Use 
Screwdriver 
to adjust 
Regulator

Figure E–7
Main Gas Pressure Regulator Adjustment

The low gas pressure switch (if provided) should be set 
for an initial value of 50% below the lowest expected gas 
pressure (Figure E-8).  The high gas pressure switch (if 
provided) should be initially set at 50% above the highest 
valve expected at that point.  See section B for location of 
switches).

Adjusting
Knob

Removable
Cover

Figure E–8   Gas Pressure Switch Adjustment

9.   Oil System Adjustments
The oil pressure supply to the burner should be set for 300 
PSIG if pressure atomizing and 75 PSIG if air atomizing.  
The oil pressure regulator is adjusted by removing the cap 
and turning the regulator screw clockwise (cw) to increase 
pressure and counterclockwise (ccw) to decrease pressure.  
The low oil pressure switch (Figure E-10) should be set 
for a pressure of about 25 PSIG lower than the regulated 
pressure.
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10.   Air Proving Switch

The air proving switch has been adjusted at the factory for 
an initial setting.  If this switch trips during initial startup, turn 
the adjustment screw ccw two full turns to reduce the trip 
pressure setting (Figure E-11).

Panel

Adjusting
Screw

Air Proving
Switch

Figure E-11   Air Proving Switch Adjustment

11.   Operating and Modulating Controls

The operating controls will not be used during the burner 
setup, except that the high limit and operating controls can 
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cycle the burner off and should be set for the highest 
allowable pressure for the application.

The high limit control should be set at the maximum 
temperature or pressure allowed for the boiler vessel 
or piping.  The operating control should be set at a high 
enough pressure to prevent this control from turning the 
burner off unless the operating temperature or pressure 
is at the maximum value.  The modulating control should 
be set at a value below the operating control to prevent 
the unit from modulating immediately after starting.
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1. Pre-start Checkout
2. Linkage Adjustments
3. Fuel Cam Adjustments
4. FGR Adjustment
5. Burner Drawer Adjustments
6. Single Fuel Setups
7. Combination Gas and Pressure Atomized Oil
8. Combination Gas and Air Atomized #2 Oil
9. Gas Setup
10. Pressure Atomized Oil Setup
11. Air Atomized #2 Oil Setup
12. Operating Control Adjustments
13. Limit Tests
14. Pilot Test
15. Burner Shutdown
16. Restart After Extended Shutdown

This section covers the startup and operating adjustments 
of the Webster Model JBS burner. 

WARNING
BURNER STARTUP, COMBUSTION ADJUSTMENTS 
AND LIMIT CONTROLS ADJUSTMENTS SHOULD 
ONLY BE PERFORMED BY TRAINED AND EXPE-
RIENCED SERVICE TECHNICIANS.  ATTEMPTING 
TO PERFORM THESE FUNCTIONS WITHOUT THE 
PROPER TRAINING AND EXPERIENCE CAN RE-
SULT IN EQUIPMENT DAMAGE, PERSONAL INJURY 
OR DEATH.

Before proceeding with the startup and adjustment, be 
sure that the overall installation is complete.  Review the 
boiler operating and installation manual, as well as all con-
trol manuals to verify that all equipment is ready for opera-
tion.  These manuals must be read and understood prior 
to starting the equipment.

If you are not qualified to service this equipment, DO NOT 
TAMPER WITH THE UNIT OR CONTROLS - CALL YOUR 
SERVICEMAN.

At the conclusion of the startup, document valve and 
linkage positions, pressures and settings for future refer-
ence.

READ AND SAVE THESE INSTRUCTIONS FOR FU-
TURE REFERENCE.

1.  Pre-Start Check List
Before starting the burner, a complete review of the instal-
lation, wiring and piping of the burner, boiler and all sup-
porting equipment must be complete and all of these items 
must be ready for operation prior to starting.  The following 
is a general review:

______All wiring is connected.  Test pulls on wire show 
them to be tight.
______All fuel lines are connected and tight.  
______Pilot gas is connected.

______Burner is mounted to vessel and floor, with all bolts 
secured.
______The linkage is correct (in low fire position) and 
tight.
______The stack is connected and routed to the outside.  
Draft controls are installed and operational.
______Gas vent lines are connected and routed to the 
outside.
______Do not start the unit unless all cleanout doors are 
in place and secured.
______The vessel is completely installed, filled with water 
and operating controls checked.
______Support equipment is in place and ready (feed 
pumps, draft controls, steam/hot water systems, boiler 
limits and controls and feedwater systems).
______A load must be available for the burner startup and 
adjustment process.  The burner must be operated at high 
rates for extended periods of time and the load must be 
capable of using this energy.
______A combustion analyzer with O2 and CO (for gas) 
must be available to tune combustion.  A smoke spot tes-
ter must be available for oil firing.  If this is a low NOx 
burner, a NOx analyzer must be available.  All of these 
analyzers must be recently calibrated and able to provide 
accurate readings.
______Other test equipment, including manometers, 
gauges and volt meter shall be available.
______Manometer or gauge on the gas manifold.
______Manometer or gauge before and after gas pres-
sure regulator.
______Draft gauge or manometer (at stack outlet).
______Draft gauge or manometer for furnace pressure.

2.   Linkage Adjustments

Adjusting the air damper and FGR control valve on a link-
age system requires an understanding of linkage setups.  
The rate of change for the fuel valve, air damper and FGR 
valve must be matched by how the linkage is setup.  If 
the air damper or FGR valve opens too quickly, the flame 
may become unstable or the NOx levels may not meet 
the requirements.  There are a few general guidelines that 
should be followed in setting up the linkage of a burner,
a.  The linkage must provide the correct stroke of the 
valve, from low to high fire.  Increasing the length of the 
drive crank arm (B) or decreasing the length of the driven 
crank arm (C) will increase the valve travel.  To reduce 
valve travel, decrease B or increase C (Figure F-1).

F.  STARTUP and OPERATING ADJUSTMENTS



         

Dim Smaller Larger
Angle A Slower LF driven 

arm travel (D)
Faster LF driven 

arm travel (D)
Length B Reduce driven 

arm travel (D)
Increase driven 
arm travel (D)

Length C Increase driven 
arm travel (D)

Reduce driven 
arm travel (D)

b.  Decreasing the angle of the drive arm will slow the ini-
tial valve travel (and speed up the travel at high fire).  This 
would be done to get the air damper to match the fuel valve 
action.

3.   Fuel Cam Adjustments

The cam is used to adjust the intermediate fuel rate with 
the low and high fire settings done by the linkage connec-
tions.  The intermediate rates can be adjusted by turning the 
adjusting screws in the clockwise direction to increase fuel 
input and decrease the % O2 level in the flue gases.  Turn-
ing the adjustment screws counterclockwise will decrease 
fuel input and increase % O2 in the flue gases.

The following guidelines should be used for adjusting the 
cam: (See Figure E-4)
a.  When adjusting the screws, the adjacent screws must 
also be adjusted to provide a smooth contour from screw to 
screw.  When complete, the flexible strip between the adjust-
ing screws and the roller must come in contact with each 
screw, providing a smooth transition from low fire to high 
fire.
b.  The end screws (or nuts) can be adjusted to hold the strip 
against the screws, but should not deform the strip.
c.  There should be no upsets in the profile, where the flex-

Figure F-1
Linkage Adjustments

ible strip is required to move to a screw position where 
it is initially not in contact with the screw.  Also, the 
movement from one screw to the next cannot be too 
large (more then 1/8”).  This will cause the strip to flex 
and will lead to premature failure of the strip.
d.  The adjusting screws have a limited range of adjust-
ment.  They can be turned in until they are flush with 
the aluminum bar and adjusted out until the side wash-
ers of the roller contact the aluminum bar.
e.  If any adjusting screw does not turn with some re-
sistance, the cam must be replaced.
f.  When the cam adjustment is complete, the retention 
plate must be installed.  The retention plate will help 
insure that the fuel valve position will not get far from 
its ideal position, even with interference or sticky valve 
operation.

WARNING
IF THE CAM ADJUSTING SCREWS DO NOT HAVE 
RESISTANCE TO TURNING, THE CAM SHOULD 
BE REPLACED, AS THE SCREWS MAY CHANGE 
POSITION.  FAILURE TO CHANGE A DEFECTIVE 
CAM MAY RESULT IN INJURY OR DEATH.

CAUTION
LARGE CHANGES FROM ONE ADJUSTING 
SCREW TO ANOTHER WILL RESULT IN PREMA-
TURE FAILURE OF THE CAM AND MAY PREVENT 
THE BURNER FROM OPERATING PROPERLY.

g.  If the contour has a sharp rise in the cam screw pro-
file, trying to open the valve very quickly in the first few 
screws, the linkage should be readjusted to cause the 
air damper to open slower (make the jackshaft drive 
arm more parallel to the linkage rod).  Likewise, the op-
posite contour can be corrected by speeding up the air 
damper drive (Figure F-1).  The final cam screw profile 
should be close to the profile of the cam with no abrupt 
changes.

4.   FGR Adjustments

Flue gas is recirculated back into the burner to reduce 
the flame temperature, which reduces the NOx level.  
High quantities of flue gas result in lower NOx levels, 
but can also result in flame instability if there is too 
much FGR.  Natural gas fuel can handle larger quanti-
ties of flue gas than oil and can have much lower NOx 
levels as a result.  Generally, the NOx levels only apply 
to gas firing and oil firing is not adjusted for NOx levels.  
There may be exceptions to this, and the orders details 
should be reviewed to identify any special combustion 
requirements.

Dual fuel units may need additional adjustments and 
compensation to handle the different FGR rates be-
tween natural gas and #2 fuel oil.  Units that require 
gas NOx levels above about 45 ppm can operate with 
the same quantity of FGR on both fuels and no addi-
tional controls or adjustments are needed.  Burners 
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equipped with Posi-Control can be adjusted for individual air 
and FGR settings on both fuels and can easily handle these 
variations, even with lower NOx levels.  Linkage burners op-
erating at 30 ppm NOx (natural gas) are equipped with a 
potentiometer in the control panel that will allow the shut-off 
valve to partially open and allows a small amount of FGR to 
flow when firing oil.  This keeps the oil inputs close to the gas 
input (lower FGR rates increases the combustion air rate).  
The oil combustion is generally better when FGR is used at 
low rates resulting is a lower NOx level.  Linkage systems 
with NOx levels under 30 ppm can also use a multiple set-
point modulation motor to provide separate gas and oil low 
fire and high fire positions.

Linkage dual fuel units may also be equipped with the op-
tional multiple set point (Landis) modulation motor in addition 
to the above potentiometer.  This motor allows for different 
low and high fire settings on gas vs oil to obtain the correct 
airflow for each fuel and optimize the turndown on gas.

The quantity of recirculated flue gas can be adjusted with the 
inlet tube on the FGR line.  To reduce the quantity of FGR, 
push the tube into the FGR line (loosen the two set screws 
to adjust the position of the tube, and tighten when done).  
Moving the tube into the air stream will increase the quantity 
of FGR.  An access cover is provided opposite the FGR line 
for this adjustment.

On a dual fuel unit, the natural gas should be done first to 
properly set the FGR inlet tube.  Once gas is setup, oil can 
be set.

For dual fuel linkage systems, the following guidelines 
should be used:
•  A 60 ppm system can be adjusted with the same FGR rate 
on both fuels.  The FGR control valve is set on gas and oil  
follows that setting.
•  A 30 ppm system uses the FGR limiting potentiometer 
(located in the control panel) to obtain a partial flow of FGR 
when firing oil.  The FGR control valve is set when firing 
gas.  The FGR limiting potentiometer is adjusted to improve 
combustion but not cause instability.  The combustion needs 
to be checked at several firing rates. 
•  Under 30 ppm, separate gas and oil operating points are 
established in the modulating motor.  Parallel positioning 
(linkageless) systems allow all of the valves to be positioned 
independently for each fuel.  For this reason, the setup se-
quence can be more flexible.

5.  Burner Drawer Adjustments

The burner drawer has several adjustments built into the 
design that allow the combustion to be tuned during opera-
tion.  While this can simplify the combustion tuning process, 
care must be used to retain the relative position of other 
components during this sequence.  If these adjustments are 
required, follow the sequence listed to perform the adjust-
ments.

Before any adjustments are made, the position of each com-
ponent must be marked.  A felt tip pen or a combination of 
masking tape and another type of pen can be used.

•  Mark the distance of the oil gun tube from the drawer.
•  Mark the distance of the scanner to the drawer (See 
Figure E-1).
•  Mark the distance of the gas pilot line to the drawer.

b.  To adjust the diffuser to gas spud dimension:
•  Mark existing clamp bolt position on head extension.
•  Loosen the two clamp bolts and scanner set screw.
•  If moving the diffuser closer to the gas spuds, move 
scanner in first, then move diffuser in the same distance, 
to keep the same relative location.
•  If moving the diffuser away from the gas spuds, then 
move both items this distance.
•  Lock clamp bolts and scanner set screw.
•  Adjust pilot and oil gun to match diffuser position 
change.

c.  To adjust the oil nozzle to diffuser position:
•  Loosen the two setscrews locking the oil gun lines to 
the drawer.
•  Adjust the oil nozzle to obtain the best combustion.
•  Watch for spray back on the diffuser when the gun is 
pulled too far back.  The flame may appear good but 
carbon will quickly develop on the diffuser.
•  Tighten the two setscrews on the oil tubes locking it 
into position.

If the burner drawer needs to be removed for better ac-
cess to components, follow the following steps:  (remem-
ber that the access cover can also be used to check 
adjustments)

a.  Disconnect the scanner by screwing it off of the scan-
ner tube.  In some cases, the scanner simply pulls out, 
with a spring tension.  Secure the scanner so that it is 
protected from shock.
b.  Disconnect the gas pilot line.  Move the pilot line so 
the drawer can be pulled out without interference.
c.  If equipped with oil, disconnect the oil lines, and move 
them out of the way to allow the drawer to be pulled.
d.  Disconnect the ignition cable from the transformer.  It 
is attached with a thumb screw nut.
e.  Loosen and remove the bolts on the burner drawer.
f.  Pull the drawer out, holding the drawer centered in 
the opening to prevent it from hanging up while being 
pulled out.
g.  Set the drawer down horizontally, do not set it on the 
diffuser as it may flatten some fins or change positions.

To re-install the burner drawer, simply work the proce-
dure in reverse.  

6.   Single Fuel Setups

Single fuel burners can be adjusted following the proce-
dures outlined in Section 9 for gas firing; Section 10 for 
pressure atomized oil and Section 11 for Air atomized 
#2 oil.

The procedures for each of the systems (linkage, cams, 
FGR) must be completely understood and followed as 
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part of the setup process.

7.   Combination Gas and Pressure Atomized Oil

Combination burners, firing both gas and oil, require some 
compromises in the setup because they share common con-
trols for both fuels.  In this case, linkage units must have the 
gas input adjusted to match the oil inputs because there is 
little flexibility in adjusting the oil rates.  Oil will be setup first 
and will set the air damper positions to support the low and 
high fire oil inputs.  Follow the procedure outlined in section 
11 to complete the oil setup.  Then setup the gas input as 
defined in section 9, using the air damper positions defined 
by oil, and adjusting the gas input to match the air damper 
settings.

If the burner is equipped with an optional multiple set-point 
modulating motor or parallel positioning, the low and high 
fire rates, as well as lightoff rates, can be set independently 
for each fuel.  In this case, the gas is adjusted first, to set the 
air damper locations for gas firing, as defined in Section 9.  
Once gas is set, oil is setup as defined in Section 10, except 
that the multipoint modulating damper motor is adjusted to 
bring the low fire air setting to match the oil needs.

There are several different options available that can alter 
the exact setup details, and these must be evaluated prior 
to startup so that the procedures can be adjusted accord-
ingly.  The procedures given are for linkage systems.  Par-
allel positioning (linkageless) systems allow for much more 
flexibility in the fuel, air and FGR settings on each fuel, and 
can be tuned to better match each fuels needs.  The setup 
details for linkageless controls will follow the same general 
sequence, but differ in specifics for setting the valve posi-
tions.

8.   Combination Gas and Air Atomized #2 Oil

Combination burners, firing both gas and oil, require some 
compromises in the setup because they share common con-
trols for both fuels.  Air atomized #2 oil firing can have turn-
downs and air damper positions very similar to gas firing, 
simplifying the setup.  If the burner is equipped with FGR, 
gas must be started first to set the FGR control valve po-
sitions to obtain the correct NOx performance.  If there is 
no FGR, either fuel can be started first, however the setup 
cannot be finalized until both fuels have been reviewed to 
determine the air damper positions.  Follow the setup proce-
dures defined in Section 10 for gas setup and Section 12 for 
air atomized oil setup.

If the burner is equipped with an optional multiple set-point 
modulating motor, the low and high fire rates, as well as ligh-
toff rates, can be set independently for each fuel.  In this 
case, the gas is adjusted first, to set the air damper locations 
for gas firing, as defined in Section 9.  Once gas is set, oil 
is setup as defined in Section 11, except that the multipoint 
modulating damper motor is adjusted to bring the low fire air 
setting to match the oil needs.

There are several different options available that can alter 
the exact setup details, and these must be evaluated prior to 
startup so that the procedures can be adjusted accordingly.  

The procedures given are for linkage systems.  Parallel 
positioning (linkageless) systems allow for much more 
flexibility in the fuel, air and FGR settings on each fuel, 
and can be tuned to better match each fuels needs.  The 
setup details for linkageless controls will follow the same 
general sequence, but differ in specifics for setting the 
valve positions.

9.   Gas Setup

a.  Place the burner switch in the “OFF” position
b.  Place the “Auto-Manual” switch in the manual posi-
tion.  If this is a combination fuel burner, make sure the 
fuel selector switch is on “GAS”.
c.  Place the manual flame control potentiometer in the 
MIN (low fire) position
d.  Close the downstream manual shutoff valve (closest 
to the modulating valve) on the gas train.
e.  Turn the electrical power on for the burner, boiler and 
related components.
f.  Verify that the gas metering valve is nearly closed, the  
vent valve (if equipped) is operating and the gas pilot 
valve is not open (the solenoid will hum and feel warm).  
g.  If equipped with FGR, verify that the FGR control 
valve is in the near closed position.  A linkage system 
should have the shutoff FGR valve in the closed posi-
tion.
h.  Turn the burner switch on.  This will start the blower 
motor and initiate the prepurge cycle.
i.  When the prepurge sequence is complete and the low 
fire start switch is made, the pilot valve will open and the 
pilot flame should be visible through the sight port.
j.  When the pilot flame is established, the flame safe-
guard will energize the main gas valve (indicated with 
the Fuel Valve Light).  This operation of the main fuel 
valves must be visually checked by observing the valve 
stem operation.  
k.  After the timer has completed the trial for main flame, 
the burner will go out on alarm (the closed manual gas 
valve prevented the burner from lighting).  At this time, 
the gas valves must be visually checked to verify that 
they have closed.  This test sequence proves the proper 
operation of the primary control.
l.  Press the reset button and restart the burner.  When 
the pilot has started, open the manual gas valve to allow 
the main flame to start.
m.  If equipped with FGR, the shutoff FGR valve should 
open on a linkage system, after the main flame has been 
proven.  The timing can be adjusted with the time delay 
inside the control panel, so that the FGR shutoff valve 
opens as soon as the main flame is established.  The 
control valve of the linkageless system should move 
from closed to a low flow position after proving main 
flame.
NOTE: If the burner is not operating as indicated, follow 
the troubleshooting guide steps to determine the prob-
lem and corrections required.
n.  After a few seconds, the combustion analyzer should 
have an accurate reading of the O2 in the stack. Fig-
ure F-3 shows the typical range of O2 at different firing 
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rates, and the burner should be adjusted to be within this 
range.   Rough settings for low and mid fire combustion 
settings are adequate at this time.  Once the high fire is 
set, the other settings can be fine tuned.
•  Turning the cam screw in will add fuel, making it richer 
and reducing the O2 level.
•  Turning the cam screw out will reduce the fuel input, 
increasing the O2 level.
If equipped with FGR, the NOx level should be close to the 
desired NOx, as required by the specific order.  The FGR 
valve can be opened to decrease the NOx level, or closed 
to increase the NOx level.
o.  Operate the burner until the boiler is warmed up, and 
near the operating pressure or temperature.  Increase the 
firing rate, using the manual potentiometer, while monitor-
ing and adjusting the O2 level.  Adjust the gas pressure 
regulator as needed to reach the high fire input.
p.  If equipped with FGR, adjust the FGR valve as needed 
to obtain the approximate NOx level.
q.  Adjust the high fire input to match the maximum input 
listed on the rating label.  At high fire, the gas butterfly 
valve should be at least 50 degree open (more if available 
gas pressure is low), and the gas pressure regulator ad-
justed to obtain the rating.  The input should be 
 measured using the following equation:

Calculating Natural Gas Input

     Gas MBH = 
HHV x [(Patm + Pgas)/29.92] x [520/(Tgas +460)] x 
[measured ft3/sec] x [3600 sec/hr]

Where:
MBH = 1000’s of BTU/M input
HHV  = Higher heating value of gas, BTU/cubic feet
Patm = Atmospheric pressure in inches Hg
Pgas = Gas pressure before gas meter in inches Hg  
 (inches HG = PSIG x 2.04)
Tgas = Gas temperature at the flow meter, in 
 degrees F
Measured ft3 = volume of gas measured by meter
sec   = Time for measured ft3 to flow through meter

Note: Some gas meters require a 6 inch wc correction 
to Pgas.  Consult your meter calibration data.

NOTE: The listed manifold pressure is only an ap-
proximate value and can vary with operating condi-
tions and normal tolerances.  The fuel flow rate must 
be measured to obtain an accurate input value.

r.  Adjust the air damper to obtain the correct O2 level. 
s.  If equipped with FGR, adjust the NOx level to be about 
10% below any guaranteed NOx performance.  A balance 
of the FGR control valve and air damper are required to 
obtain the final result, as each can impact the other.  If the 
FGR valve does not travel at least 50 degrees, the FGR in-
let tube should be readjusted (pushed into the FGR pipe). 
t.  Modulate the burner to low fire, adjusting the O2 level 
as the burner modulates.
u.  Adjust the low fire input, using the fuel cam and air 
damper adjustments.  The linkage may need to be read-

justed to obtain the correct relationship between the fuel 
valve and air damper.  (Figure F-1)
v.  Re-adjust the midfire points for the correct O2 level.
w.  If equipped with FGR, adjust the NOx levels at low 
and midfire rates to be about 10% under the guaranteed 
levels.
x.  Adjust the low gas pressure switch to be 10% below 
the lowest expected gas pressure.
•  With a guage or manometer at the same location as the 
low gas pressure switch, modulate the burner to deter-
mine the firing rate with the lowest gas pressure.
•  At the lowest gas pressure,adjust the low gas pressure 
setting up until the switch breaks and causes the burner 
to shutdown.
•  From the scale reading of the switch, adjust the set-
ting to a pressure that is 10% lower than the shutdown 
pressure.  For example, if the switch opened at 10 inches 
as indicated on the low gas pressure switch, the switch 
should be adjusted to a reading of 9 inches.
•  Remove the gauge or manometer and plug the open-
ing.
•  Cycle the burner on and off to determine if the limit 
works properly.
•  If the limit causes nuisance shutdowns because of 
small pressure drops during startup, reduce the pressure 
setting an additional 5%.
y.  Adjust the high gas pressure switch to be 10% above 
the highest expected gas pressure.
•  With a gauge or manometer at the same location as the 
high gas pressure switch, modulate the burner to deter-
mine the firing rate with the highest gas pressure.
•  At the highest gas pressure, adjust the high gas pres-
sure setting down until the switch opens and causes the 
burner to shutdown.
•  From the scale reading of the switch, adjust the set-
ting to a pressure that is 10% higher then the shutdown 
pressure.  For example, if the switch opened at 10 inches 
as indicated on the high gas pressure switch, the switch 
should be adjusted to a reading of 11 inches.
•  Remove the gauge or manometer and plug the open-
ing.
•  Cycle the burner on and off to determine if the limit 
works properly.
•  If the limit causes nuisance shutdowns because of small 
pressure changes during startup, increase the pressure 
setting an additional 5%.
z.  The burner should be operating at low fire to adjust 
the air proving switch.  Turn the adjusting screw cw (in) 
until the burner trips out (shutdown caused by the air flow 
switch).  Turn the adjustment screw ccw (out) 1 1/2 turns 
from the point of shutdown.  Check the operation at high-
er rates.

10.   Pressure Atomized Oil Setup

The pressure atomized oil system has a limited range of 
adjustment for low and high fire, dictated by the operation 
of the oil nozzle.  The combustion air and FGR must be 
adjusted to match these rates.

If the burner is equipped with FGR, and is a linkage sys-
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tem, the type of FGR control must be determined prior 
to starting.  If this is a dual fuel burner, the FGR rate is 
determined by the NOx performance on gas.  A 60 ppm 
burner will operate with the same FGR rate on gas and oil.  
A 30 ppm unit will use the limiting potentiometer to slightly 
reduce the FGR rate on oil firing.  For Oil only combustion, 
the NOx level will be given on the burner detail sheet, and 
should be used to set the FGR control valve.
a.  Place the burner switch in the “OFF” position.
b.  Place the “Auto-Manual” switch in the manual position.  
If this is a combination fuel burner, make sure the fuel se-
lector switch is on “OIL”.
c.  Place the manual flame control potentiometer in the 
min (low fire) position.
d.  Turn the electrical power for the burner, boiler and re-
lated components on.
e.  Verify that the oil metering valve is nearly opened (the 
valve will be closed at high fire).
f.  Turn the burner switch on.  This will start the blower mo-
tor and initiate the purge cycle.
g.  When the prepurge sequence is complete and the low 
fire start switch is made, the pilot valve will open and the 
pilot flame should be visible through the burner sight port.
h.  When the pilot flame is established, the flame safe-
guard will energize the main oil valves (indicated with the 
Fuel Valve Light), and the burner should ignite at low fire.  
This operation of the main fuel valves must be visually 
checked by observing the valve stem moving up with a 
motorized valve or hearing the clicking noise from a sole-
noid valve.  
NOTE: If the burner is not operating as indicated, follow 
the troubleshooting steps to determine the problem and 
corrective action.
i.  The main flame may not light on the first attempt, be-
cause it must fill the oil lines before providing oil to the 
nozzle.  Press the reset button on the flame safeguard to 
restart the burner.

WARNING
DO NOT ATTEMPT TO START THE BURNER WHEN EXCESS OIL 
HAS ACCUMULATED, WHEN THE UNIT IS FULL OF VAPOR, OR 
WHEN THE COMBUSTION CHAMBER IS HOT.

j.  After a few seconds, the combustion analyzer should 
have an accurate reading of the O2 in the stack.  The O2 
level should be between 4% and 8%, and the nozzle oil 

pressure should be between 50 and 70 PSIG.  Do not at-
tempt to fine tune combustion until the high fire has been 
set.
If the burner is equipped with FGR, the FGR control valve 
should be set for the approximate NOx level required.
   1.  Turning the cam screw in will add fuel, making it richer 
and reducing the O2 level.
  2.  Turning the cam screw out will reduce the fuel input, 
increasing the O2 level.
  3.  The air damper should be positioned for the correct 
low fire settings.
k.  Operate the burner until the boiler is warmed up, and 
near the operating pressure or temperature. 
l.  Increase the firing rate, using the manual potentiometer, 
while monitoring and adjusting the O2 level.  Adjust the 
cam as needed to reach the high fire input.
If the burner is equipped with FGR, adjust the FGR control 
valve as required to maintain the NOx level.
m.  At high fire (end of the modulating motor travel), ad-
just the high fire input (open or close the fuel valve) to 
match the maximum input listed on the rating label.  The 
fuel metering valve should be nearly closed (or closed) at 
this point and the nozzle pressure should be about 150 
PSIG (return line). 
n.  If equipped with FGR, adjust the NOx level to be about 
10% below any guaranteed NOx performance or if perfor-
mance guarantee exists adjust the FGR to provide some 
added turbulence but not high enough to impact flame sta-
bility.  A balance of the FGR control valve and air damper 
are required to obtain the final result, as each can impact 
the other.  If this is a 30 ppm system, the FGR limiting pot 
should be adjusted to reduce the FGR rate for stable com-
bustion, with the FGR control valve set when firing gas.  If 
this is a 60 ppm system, no adjustment is necessary.
o.  Modulate the burner to low fire, adjusting the O2 level 
as the burner modulates.
p.  Adjust the low fire input, using the fuel cam and air 
damper adjustments.  If the burner is equipped with FGR, 
adjust the NOx level according to the type of system (limit-
ing potentiometer or matching gas).
q.  Re-adjust the midfire points for the correct O2 levels.  
The linkage may need to be readjusted to obtain the cor-
rect relationship between the fuel valve and air damper.  
(Figure F-1)
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Natural Gas
With FGR

Natural Gas
No FGR

Oil

% Rate Min
% O2

Max
% O2

Min 
%O2

Max 
%O2

Min 
%O2

Max 
%O2

8 5.0 9.0 7.0 13 NA NA
10 5.0 9.0 5.5 12 6.0 10.0
15 4.0 8.0 4.5 10 5.0 9.0
20 3.0 8.0 3.5 9 4.0 8.0
30 2.0 7.0 3.0 8 3.5 7.5
40 2.0 7.0 2.5 7 3.0 7.0
50 2.0 6.0 2.5 6 3.0 7.0

100 2.0 6.0 2.5 6 3.0 6.5

Figure F-2
O2 levels



r.  If equipped with FGR, adjust the NOx levels at low and 
midfire rates to be about 10% under the guaranteed levels 
or as required for the gas firing.
s.  The burner should be operating at low fire to adjust 
the air proving switch.  Turn the adjusting screw cw (in) 
until the burner trips out (shutdown caused by the air flow 
switch).  Turn the adjustment screw ccw (out) 1 ½ turns 
from the point of shutdown.  Check the operation at higher 
rates.
t.  Adjust the oil pressure switch to trip and shutdown the 
burner at a pressure that is 10% lower than the supply oil 
pressure.

11.   Air Atomized, #2 oil Setup

The air atomized oil system has the potential for a large 
turndown range similar to gas and has the potential to be 
adjusted to different low fire rates.  See the burner name-
plate for details on actual rates for this burner.
If the burner is equipped with FGR and is a linkage sys-
tem, the type of FGR control must be determined prior 
to starting.  If this is a dual fuel burner, the FGR rate is 
determined by the NOx performance on gas.  A 60 ppm 
burner will operate with the same FGR rate on gas and oil.  
A 30 ppm unit will use the limiting potentiometer to slightly 
reduce the FGR rate on oil firing.  For Oil only combustion, 
the NOx level will be given on the burner detail sheet, and 
should be used to set the FGR control valve.
a.  Place the burner switch in the “OFF” position.
b.  Place the “Auto-Manual” switch in the manual position.  
If this is a combination fuel burner, make sure the fuel se-
lector switch is on “OIL”.
c.  Place the manual flame control potentiometer in the 
min (low fire) position.
d.  Turn the electrical power for the burner, boiler and re-
lated components on.
e.  Verify that the oil metering valve is at the nearly closed 
position.
f.  Turn the burner switch on.  This will start the blower mo-
tor and initiate the purge cycle.
g.  When the prepurge sequence is complete and the low 
fire start switch is made, the pilot valve will open and the 
pilot flame should be visible through the burner sight port.
h.  When the pilot flame is established, the flame safe-
guard will energize the main oil valves (indicated with the 
Fuel Valve Light), and the burner should ignite at low fire.  
This operation of the main fuel valves must be visually 
checked by observing the valve stem moving up with a 
motorized valve or hearing the clicking noise from a sole-
noid valve. 
NOTE: If the burner is not operating as indicated, follow 
the troubleshooting steps to determine the problem and 
corrective action.

WARNING
DO NOT ATTEMPT TO START THE BURNER WHEN EX-
CESS OIL HAS ACCUMULATED, WHEN THE UNIT IS FULL 
OF VAPOR, OR WHEN THE COMBUSTION CHAMBER IS 
HOT.

i.  After a few seconds, the combustion analyzer should 
have an accurate reading of the O2 in the stack.  The O2 
level should be between 4% and 8% (see Figure F-3 for 

O2 rates), and the nozzle oil press should be between 5 
and 15 PSIG (see Figure F-4).  Do not attempt to fine tune 
combustion until the high fire input has been set.
If the burner is equipped with FGR, the FGR control valve 
or limiting potentiometer should be set for the approximate 
NOx level required.
•  Turning the cam screw in will add fuel, making it richer 
and reducing the O2 level.
•  Turning the cam screw out will reduce the fuel input, 
increasing the O2 level.
•  The air damper should be positioned for the correct low 
fire settings.
•  The atomizing air pressure can be adjusted using the air 
bleed valve.
j.  Operate the burner until the boiler is warmed up, and 
near the operating pressure or temperature. 
k.  Increase the firing rate, using the manual potentiome-
ter, while monitoring and adjusting the O2 level.  Adjust the 
cam, oil pressure and atomizing air pressure as needed to 
reach the high fire input.
l.  If the burner is equipped with FGR, adjust the FGR con-
trol valve or potentiometer as required to maintain the NOx 
level.
m.  At high fire (end of the modulating motor travel), adjust 
the high fire input to match the maximum input listed on 
the rating label.  Using a flow meter, the fuel input may be 
measured using the following equation,

 Oil GPH = 
 [Gal end – Gal start] x [3600 sec/hr] /
 [measured sec]

 Where  Gal end = meter gallons at end of test
 Gal start = gallons at start of the test
 Measured sec = measured time of test
 GPH = Gallons of oil per hour

n.  If equipped with FGR, adjust the NOx level to be about 
10% below any guaranteed NOx performance or if perfor-
mance guarantee exists adjust the FGR to provide some 
added turbulence but not high enough to impact flame sta-
bility.  A balance of the FGR control valve and air damper 
are required to obtain the final result, as each can impact 
the other.  If this is a 30 ppm system, the FGR limiting pot 
should be adjusted to reduce the FGR rate for stable com-
bustion, with the FGR control valve set when firing gas.  If 
this is a 60 ppm system, no adjustment is necessary.
o.  Modulate the burner to low fire, adjusting the O2 level 
as the burner modulates.
p.  Adjust the low fire input, using the fuel cam and air 
damper adjustments.
q.  If the burner is equipped with FGR, adjust the NOx level 
according to the type of system (limiting potentiometer or 
matching gas).
r.  Re-adjust the midfire points for the correct O2 levels.  
The linkage may need to be readjusted to obtain the cor-
rect relationship between the fuel valve and air damper.  
See Figure F-1.
s.  If equipped with FGR, adjust the NOx levels at low and 
midfire rates to be about 10% under the guaranteed levels 
or as required for the gas firing.
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t.  The burner should be operating at low fire to adjust the 
air proving switch.  Turn the adjusting screw cw (in) until the 
burner trips out (shutdown caused by the air flow switch).  
Turn the adjustment screw ccw (out) 1 ½ turns from the 
point of shutdown.  Check the operation at higher rates.

FIGURE F-3
Typical Atomizing Air and Oil Pressures

% Rate Minimum
10 5 - 15
15 7 - 20
20 10 - 25
30 12 - 30
40 15 - 35
50 20 - 40

100 25 - 60

12.  Operating Control Adjustments

The operating controls must be adjusted to properly cycle 
the burner “ON and OFF” and provide modulation.  See 
Section E-11 for details.  The controls should not force the 
burner into rapid “ON-OFF” cycles, as this will cause pre-
mature failure of the motor and operating equipment.

The operating control must be adjusted to provide the “ON” 
pressure or temperature desired.  It must allow the burner 
to come on and start before the temperature or pressure 
drops into the modulating range.  The “OFF” pressure or 
temperature must be sufficiently above the “ON” point to 
allow a reasonable run time. 
The modulating control must be adjusted to start modula-
tion at some reasonable point below the “ON” temperature 
or pressure and provide modulation to high fire at the lowest 
temperature or pressure.

13.  Limit Tests

Once the burner has been started and the operating pres-
sures and temperatures have been set, the limit switches 
need to be adjusted so that they will trip if the pressure or 
temperature exceeds the operating value, but will not trip 
with normal variations.  The switch should be checked for 
proper operation by allowing the temperature or pressure 
to vary below (or above) the recommended level to insure 
that they provide safe shutdown before the burner operation 
is affected.  In some high pressure or temperature switch-
es, where the temperature or pressure cannot be set high 
enough to trip the switch, the switch can be checked by 
lowering the set point to prove that the switch will provide a 
safe shutdown.  

The limit switches would include the air proving switch on 
the burner.  Limits for gas operation could include the high 
and low gas pressure switches and for oil firing, the high 
and low oil pressure switches, high and low oil temperature 
switches and the atomizing air pressure switch.  If in doubt 
about which limits are on a burner, refer to the wiring dia-
gram that will show each item.

Limit switches need to be checked at regular intervals 
to ensure they are operating properly.  See the mainte-
nance section for details.

14. Pilot Test

Once the burner as been set for the firing rates intended 
for the burner, the pilot must be checked for proper op-
eration and safety.

The minimum pilot test is done to insure that a pilot which 
can be seen by the scanner will light the main flame.
a.  During a startup sequence, measure the time re-
quired to light the main flame after the fuel valves have 
been energized.  This will be used to monitor the test 
with reduced pilot.
b.  Lock the flame safeguard into the pilot position (refer 
to the manual for the flame safeguard for this setting)
c.  Adjust the gas pressure regulator to the pilot for a 
minimum value while still holding the minimum signal 
strength for the scanner.
d.  Release the flame safeguard from the pilot position 
and allow it to cycle though the main flame proving se-
quence.
e.  This reduced pilot must reliably light the main flame.  
Monitor the time from the main fuel valve opening and do 
not allow the burner to continue if the time is more then 
an additional two to three seconds from the initial time 
measured above.
f.  Run through two or three cycles.
g.  If this is a combination fuel burner, repeat the test on 
the other fuel.
h.  Failures due to reduced scanner signal are also ac-
ceptable.

WARNING
THE MINIMUM PILOT TEST REQUIRES CLOSE SUPERVISION OF 
THE COMBUSTION PROCESS.  FAILURE TO CLOSELY MONITOR 
THE MAIN FLAME TEST TIME COULD RESULT IN DAMAGE, IN-
JURY OR DEATH.

i.  If the pilot does not light the main flame under these 
test conditions, check and adjust the pilot as shown in 
figure E-1 and E-6.

The pilot must be tested for hot refractory pickup.  This 
test is performed to make sure that the scanner does not 
see hot refractory that could be mistaken for a flame.
a.  After the burner has been operating for some time 
at high input levels and the refractory in the vessel is 
hot, the burner should be cycled off while monitoring the 
scanner signal.
b.  The flame signal should drop off quickly as the flame 
goes out and should be well below the minimum level 
(indicating a flame) at the end of  the post purge cycle.
c.  If the flame signal does not drop out as required, 
check the location of the pilot and scanner, as shown in 
Figure E-1.  This may also indicate a faulty scanner or 
amplifier.

15.   Burner Shutdown

Normal operation of the burner will allow the operating 
controls to shut the burner down when the load demand 
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is satisfied.  If the burner needs to be shut down for any 
reason, the “ON-OFF” switch can be used to quickly turn the 
burner off.  This will instantly cause the fuel valves to close 
and start a post purge cycle to remove any unburned fuel 
from the vessel.

In an emergency shutdown, all fuel and electrical power 
should be de-energized or turned off to secure the burner.  
This would include the main power disconnect, the manual 
gas shutoff valve at the drop down line and if equipped, the 
manual oil valve to the nozzle.

It is recommended that the burner be manually driven to low 
fire before turning the burner off, as this reduces the dynam-
ic and thermal stress.  If the burner will remain off for some 
time, the manual fuel valves, fuel pumps and power supply 
should be turned off.

CAUTION
ALWAYS KEEP THE FUEL SUPPLY VALVE SHUT OFF WHEN THE 
BURNER IS SHUT DOWN FOR AN EXTENDED PERIOD OF TIME.

16.  Restarting after Extended Shutdown

Extended shutdowns require the same startup process as 
those outlined above.  In addition, the following advanced 
cleaning must be done,
a.  The oil nozzle should be removed and cleaned.  Use care 
in cleaning to preserve the sharp edges of the nozzle, which 
are required to maintain good atomization.
b.  The oil filter and strainer must be removed and cleaned 
prior to starting.

CAUTION
DO NOT START THE BURNER UNLESS ALL CLEANOUT DOORS 
ARE SECURED IN PLACE.
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G.  MAINTENANCE
1.   General
2.   Physical Inspection
3.   Fuel-Air-Ratio
4.   Gas Fuel Systems
5.   Oil Fuel Systems
6.   FGR System
7.   Combustion Air Fan
8.   Inspection and Maintenance Schedule
9.   Combustion Chart

1.   General

This burner has been designed to provide many years of 
trouble free operation.  The reliability can be greatly im-
proved with some simple inspection and maintenance pro-
grams.

One of the best tools for a good maintenance program is to 
keep a log on the key parameters of the burner and boiler.  
These would include operating temperatures, pressures, 
inspections and preventative maintenance activities.  This 
document can be used to detect any changes in the oper-
ating characteristics of the burner, which can be used for 
preventative maintenance.

The maintenance schedule can be used to help generate 
this log.  There are also many other good references that 
can be use to help develop your log.  Adding check points 
for other equipment into a common log can help.  It is com-
mon to integrate the boiler and burner log, so that all com-
ponents are checked at the same time.

The frequency of inspection given in the following charts 
is only a guideline.  Initial results should be used to adjust 
the time intervals to be more frequent when problems or 
potential problems are observed.

2.   Physical Inspection

Listening and looking at the burner can detect many prob-
lems.  For example, leakage can usually be seen early with 
a small buildup of oil .  Valve and linkage problems can 
usually be detected early on by simply watching the move-
ment and detecting rough uneven changes.  The jackshaft, 
linkage and valve movement should occur smoothly with 
no rough jerks.

The flame condition can often be a good indicator of the fir-
ing head.  If the flame does not look correct, there may be 
a problem with the hardware.  The firing head is exposed 
to the high temperatures of combustion and can have re-
duced life due to the thermal stress.  In particular, the dif-
fuser, oil nozzle, gas spuds, gas manifold, refractory and 
burner mounting plate should all be inspected.

3.  Fuel-Air-Ratio Controls

 The fuel-air-ratio controls must be maintained in good op-
erating condition.  Over time, these items will wear and may 
not operate smoothly.   Corrective action must be taken.

There are several different types of controls and the cor-
rective action of each could be different.  The following 
general guidelines can be used for initial steps.

Linkage based controls should be inspected for wear.  If 
there is any noticeable play in the linkage rod ends or 
shaft bearing, they should be replaced.  Likewise, any 
control valves that exhibit sloppy or hard to turn move-
ment should also be replaced.  

Fuel cams should have adjusting screws that are held 
firmly in position and can not move due to normal vibra-
tions.  The moving parts must be in good condition with 
no noticeable wear or play.  Worn connections will result 
in hysteresis and reduced combustion efficiency. 

The cam and jackshaft should be visually checked on a 
frequent or daily basis for obvious problems, including 
free movement, no loose parts and correct position of 
components.   

On a monthly basis, the linkage and cams should be in-
spected for wear and loose parts.   Annually, the cam 
and linkage should be operated manually to check the 
movement of all components and valves.  Any worn parts 
should be replaced immediately.

If the burner will be operating for extended periods on 
gas, the oil gun should be removed to prevent the oil 
nozzles from “coking” due to the heat of the gas flame.

4.  Gas Fuel System

The safety interlocks must be checked at regular inter-
vals to ensure that they provide the proper safety.  See 
the Inspection and Maintenance Schedule Chart (Figure 
8) for frequencies.

The drip leg should be cleaned annually.  

Monitoring the outlet gas pressure from the regulator will 
verify this control is working properly.

5.   Oil Fuel System

The oil system has additional components that require 
regular maintenance, depending on the type of system 
used.  
a.  Oil added to air compressor.  The air compressor has 
a visual sight glass showing the oil level.  This must be 
inspected every shift (while operating).
b.  Air compressor belt tight and in good condition
c.  The oil strainer should be checked and cleaned pe-
riodically.  A high vacuum reading on the suction side of 
the pump (over 10”) is a good indication that the strainer 
needs to be cleaned.  Strainers provided by Webster will 
use a wire mesh basket inside a canister.  After turning 
the pump off (and making sure there is no pressure on 
the strainer), unscrew the yoke to gain access to the bas-
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ket.  The canister does not need to be drained.  Be care-
ful with the gasket when removing or replacing the cover 
to insure a good seal.  The basket can be lifted out and 
cleaned with a soft brush and cleaning solution.
d.  Vacuum within the 10” limit on suction side of pump 
(indicates need to clean strainer, as described above).  If 
cleaning the strainer does not resolve this, check the other 
valves between the tank and gauge for plugged or closed 
position.
e.  Air atomized oil nozzles should be cleaned periodically, 
depending on the type of operation and the observed need 
for cleaning.  Extended operation at very low rates (less 
then 15% of capacity) can cause carbon buildup on the 
outside of the nozzle.  This can be cleaned with a rag and 
cleaning solution.  If the fire is showing some deteriora-
tion, and the external surfaces are clean, then the nozzles 
should be removed, disassembled and cleaned using a 
soft brush and cleaning solution.   
f.  If the edges of the air atomizing nozzle are not sharp, 
or the nozzle shows sign of wear and the combustion is 
deteriorated, the nozzle should be replaced.   The nozzle 
part number is given on the material list of the unit. 
g.  Pressure atomized oil nozzles have a filter feeding the 
nozzle that can be plugged over time.  The filter can be 
unscrewed from the back cleaned, using a soft brush and 
cleaning solution.  When these nozzles are removed form 
the nozzle body (see Figure B-15), the plastic seals at the 
end of the nozzle must be replaced, or the nozzle may not 
seal correctly.  The seal can be slid off of the nozzle and a 
new one installed.  Use extreme care to not put any cuts 
or nicks in the seal.  Once the seal is on, the nozzle can be 
inserted and screwed into the nozzle body.
h.  If a pressure atomized oil nozzle needs to be replaced, 
it should be a Delevan Veriflow type.
i.  Check safety limits, including pressure and temperature 
switches

6.  FGR Systems

The flue gas is corrosive and requires regular inspection of 
the equipment to ensure proper and safe operation.  The 
potential for corrosion and frequency of the inspection can 
vary greatly based on the application.  Applications with 
condensation will have more corrosion and will need more 
maintenance.  Frequent cycling, cold startups, cool op-
erating temperatures, cool air temperatures and outdoor 
installations are good examples of where high levels of 
condensation can occur.

Areas to inspect for corrosion:
•  FGR control valves (s)
•  FGR Duct
•  Air inlet louver box
•  Fan and fan housing
•  Burner housing
•  Firing head and blast tube

Other checks:
a.  The condensation traps must work properly and be in-
stalled to capture all of the condensation.  If condensation 

passes through to the burner windbox, a condensate drain 
should be added to the bottom of the windbox.
b.  Linkage and valve movement must operate freely and 
smoothly.
c.  If the FGR valve is modulated partly open (oil firing on 
dual fuel burner) check position of FGR valve.
d.  NOx emissions level.
e.  Other general items like refractory.
f.  Stack temperature of boiler – high temperatures will 
increase NOx levels.
g.  Operation of safety equipment.
h.  Time delay on FGR on-off valve (if equipped).

7.  Combustion air Fan

If the fan and motor are ever removed, the following should 
be observed in re-assembly.
a.  There should be about ¼” overlap of inlet cone and 
fan.  
b.  Never re-use the fan to motor shaft set screws, always 
use new screws of the same size and style to maintain 
balance and fan retention.
c.  When tightening the fan hub set screws, rotate the fan 
to place the screws on the bottom.  This way the screw is 
not lifting the fan.
d.  The motor shaft and fan hub must be clean and free 
of burrs.
e.  Torque the fan hub set screws to:
 o 250 in-lbs for 3/8” set screws
 o 600 in-lbs for 1/2” set screws
 o 97 ft-lbs for 5/8” set screws
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X Burner Flame Visual inspection of burner flame. X

X Jackshaft and Linkage Visual inspection for smooth and free travel. X

X Air Damper Visual inspection for smooth and free travel. X

X Fuel Metering Valves Visual inspection for smooth and free travel. X

X Draft Controls (Stack) Visual inspection for smooth and free travel. X

X Gas Fuel Pressure Record in log book, compare trends. X

X Oil Pressure Record in log book, compare trends. X

X Atomizing Air Pressure Record in log book, compare trends. X

X Pilot Visually inspect pilot flame, check and record flame signal strength if metered. X

X Flame SafeGuard - Pilot 
Test

Close manual fuel valve on pilot during cycle and check for safety shutdown, 
recording time.

X

X Flame SafeGuard - Main 
Flame

Close manual fuel valve on pilot during cycle and check for safety shutdown, 
recording time.

X

X Flame SafeGuard Check flame safeguard components, including scanner. X

X Flame SafeGuard Replace flame safeguard components in accordance with manufacturers 
instructions. X

X X Pilot Turndown Test Conduct pilot turndown test annually or after any component change. X

X X Hot Refractory Test Conduct hot refractory hold in test.  This test is required annually or after any 
component change. X

X Oil Pressure and Tem-
perature Interlocks

Check oil pressure and temperature switch for smooth operation and correct 
action. X

X Atomizing Air Pressure Check air atomizing pressure interlock switch for smooth operation and cor-
rect action. X

X Interlock Controls Check other interlocks that may be used on the burner for smooth operation 
and correct action. X

X Firing Rate Control Check firing rate control and verify settings. X

X Combustion Tuning Conduct a combustion test, verify setting and NOx emission levels. X

X Pilot and Main Fuel Valves Make visual and manual check for proper sequencing of valves. X

X Pilot and Main Fuel Valves Check all coils, diaphragms, interlock switch & other parts of all safety shutoff 
valves. X

X Pilot and Main Fuel Valves Perform leak tests on all safety shutdown control valves. X

X Low Pressure Air Switch Test low air pressure switch for proper operation and adjustment. X

X Mod Damper Switch Check damper low fire proving switch per manufacturers instructions. X

X Linkage and Fuel Cams Check linkage and cams for wear and replace any items with wear indication 
or stress cracks. X

X FGR Control Valve Visual inspection for smooth and free travel. X

X FGR Control Valve Clean and lubricate FGR control valve. X

X FGR Shutoff Valve Visually  inspect for smooth and complete travel. X

X FGR Shutoff Valve Clean and lubricate FGR shutoff valve X

X FGR Condensate Drain Open FGR condensate drains, remove all condensate. X

X FGR Shutoff Valve Switch Check operation of shutoff FGR valve for full rotation and position proving 
switch. X

X FGR Duct Inspect and clean FGR duct. X

X Combustion Air Fan Clean combustion air fan and housing X

X X Burner Components Visually check the burner components for signs of cracks, deformation, slip-
page or other unusual indication. X

X Burner Mounting Check burner mounting clamps and brackets for tightness. X

X Refractory and Seals Check burner refractory for cracks or signs of leakage. X

X Oil Nozzle Check and clean oil nozzle. X

X Air Compressor Check air compressor for lubrication oil and air filter. X

X Air Compressor Check air compressor relief valve operation. X
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9 - Combustion Chart

This graph shows the relationship between excess air, %Oxygen and %CO2, which is typically obtained 
from a flue gas analyzer.  The values are based on a dry reading, where the flue gas is extracted and cooled 
before the analysis if done.
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H.   Troubleshooting
No. System Cause Correction

1 No Ignition Electrode is grounded.  Porcelain is cracked. Replace

 (lack of spark) Improperly positioned electrode Recheck dimensions

Loose ignition wire connection Reconnect or tighten

Defective ignition transformer Check transformer, replace

2 No Ignition Lack of fuel, no gas pressure, closed fuel valve Check fuel supply and valves

(spark, no flame) No voltage to pilot solenoid Check electrical connections

Defective pilot solenoid valve Replace

Incorrect location of pilot Check location of pilot

Improper raw gas tube position Check location of raw gas tube

Improperly positioned electrodes Recheck dimensions

Too much combustion air flow Check air damper position

3 Pilot not detected Scanner tube not positioned correctly Check location of scanner tube

(flame present) Scanner tube dirty Clean scanner tube

Scanner or amplifier faulty Replace

Pilot improperly positioned Check pilot position

Incorrect gas pressure to pilot Readjust pressure

Combustion air flow rate too high Readjust damper

4 No main gas flame Weak scanner signal Clean scanner lens and tube

(pilot OK) Damper or fuel control valve setting incorrect Readjust

Fuel valve(s) not opening Check wiring to valves

5 No main oil flame Weak scanner signal Clean scanner lense and tube

(pilot OK) Damper or fuel control valve setting incorrect Readjust

Fuel valve(s) not opening Check wiring to valves

Oil nozzle or line obstructed Check nozzle and lines, clean

No atomizing air pressure Check compressor wiring

Compressor pressure too low or high Readjust

Burner not level,  oil is draining into vessel Check level, adjust as required.

6 Burner stays at low fire Manual pot in low fire position (low fire hold) Readjust to high fire position

Manual-auto switch in wrong position Change position of switch

Modulating Control Check wiring or replace

Loose linkage Readjust and tighten

Binding linkage or valve Readjust or replace

7 Burner shuts down Loose electrical connection Check and tighten connections

during operation Loss of fuel supply Replenish fuel supply

Limit switch breaks (opens) Readjust limit switch

8 Burner does not start Main disconnect switch is open Close switch

Loose electrical connection Check electrical connections

Operating controls are tripped Check and reset operating limits

High or low fuel pressure Check fuel supply - reset switches

9 High CO at low fire Improper excess air level Readjust excess air

(firing gas) Input too low for burner components Check input, compare to rating label



No. System Cause Correction
High CO at low fire (con’t) High stack draft (especially at low fire) Stabilize draft

(firing gas) Poor air flow distribution (off center flame) Adjust air straightener blade

Diffuser not in optimum position Adjust diffuser position in or out

Fluxuating gas pressure (regulator not holding pressure) Check regulator pressure, sensing line 
and supply pressure: sized properly

10 Gas combustion noise Input too low for burner components Check input, compare to rating label

(rumbling) Improper excess air Readjust excess air

Fluxuating gas pressure (regulator not holding pressure) Check regulator pressure and supply

High stack draft (especially at low fire) Stabilize draft

Diffuser not in optimum position Adjust diffuser position in or out

Poor air flow distribution (off center flame) Adjust air straightner blade

11 Oil combustion smoking Oil nozzle dirty or plugged Clean oil nozzle

Improper excess air Readjust excess air

Input too low for burner components Check input, compare to rating label

High stack draft (especially at low fire) Stabalize draft

Incorrect nozzle position Adjust the nozzle to diffuser position

Fluxuating oil pressures (regulator not holding) Check regulator pressure and oil supply

Poor air flow distribution (off center flame) Adjust air straightner blade

Too much FGR (if equipped) Reduce FGR rate

12 Fuel-Air-Ratios are Linkage flexing Realign linkage, straighten rods

not consistent Linkage slip Check linkage and tighten all joints

Fuel cam screws have moved Replace fuel cam

Fuel line plugged Check and clean lines, strainers & filters

Fuel supply pressure changing Check and/or replace pressure regulator

Combustion air temperature changed Retune burner

Draft condition changed Check draft and outlet damper

Plugged or leaky FGR line Clean / repair

Gas control valve - low fire stop not set Adjust low fire stop

13 Fuel-Air-Ratios have changed Linkage wear Check linkage and tighten all joints

over time Fuel cam screws have moved Replace fuel cam

Air damper seal worn Replace air damper seals

Fuel lines plugged Check and clean lines, strainers & filters

Fuel control valve worn Replace fuel control valve

Gas orifices or gas manifold plugged Clean and/or replace

Combustion air temperature changed Retune burner

Draft condition changed Check draft and outlet damper

Vessel plugged Clean vessel

Plugged or leaky FGR valve Clean / repair

14 Cannot obtain capacity on Wrong spring range in regulator Install higher spring range

gas Too many elbows before control valve Rework piping to reduce elbows

Gas line too small, high pressure drop Use larger pipe size

Supply pressure lower then stated Increase supply pressure

Supply pressure drops too low at high fire Use larger gas line sizes / orifice in 
service regulator

Regulator too small for flow and pressure Change regulator

15 Cannot obtain rated input on Oil nozzles plugged Replace nozzles

oil firing (pressure atomized) By-pass seal on nozzle leaking Replace nozzles
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No. System Cause Correction
Cannot obtain rated input on Oil pressure too low Increase oil pressure

oil firing (pres. atom.) (con’t) Flow valve set too low (should be closed at high fire) Adjust oil control valve

Oil flow valve set too low (should be closed at high fire) Adjust oil control valve

16 Cannot obtain rated input on Oil nozzles plugged Replace nozzles

oil firing (air atomized) Air pressure too low Replace nozzles

Oil pressure too low Increase oil pressure

Flow valve set too low Adjust oil control valve

17 Cannot obtain NOx levels on Inlet tube in wrong position Adjust inlet tube to center of fan inlet

gas        “                    “ Taper FGR valve to be full open

FGR valve not full open Adjust FGR valve to full open

FGR valve full of condensate Clean duct and add drains

FGR duct not directed to flue stream Add angle cut in center of stack

FGR line too small Check sizing, use fittings with less drop

Operating on propane, not natural gas Resize FGR for propane operation

Shutoff valve is not full open Check FGR shutoff valve position
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NOTES
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