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138F 	Rotary Oil Burner Construction 

Ans. Various metering devices have been developed by t 
different manufacturers as here described and known by i 
dustrial trade names. 

Iron Fireman "Volumeter."—In this feeding device, oil 
is metered to the burner head—not by changing the size of 
the hole through which it flows or by varying the pressure, 
but by multiple piston feeding. 

Completely submerged in the oil reservoir, a multi-piston cylinder 
block revolves, pulling oil into each cylinder in turn, and a half-revolution 
later ejecting it into the feed line. The multiple cylinders assure a steady, 
controllable flow of oil. There are no adjustable valves or ports to open 
or close. The oil feeds smoothly—automatically. 

The oil volumeter is submerged in the oil reservoir, constantly operat-
ing under an ample head of oil. The construction is shown in figs. 21 
and 22. 
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FIG. 22.—Sectional view of Iron Fireman volumeter. The diagramatic view of the oil 
reservoir shows circulation gear pump and oil volumeter mechanism. Arrows indicate 
direction of oil flow in system that provides for oil circulation through indirect steam or 
hot water oil heater. 
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CHAPTER 18 

Burner Automatic 
Control 

Were it not for automatic control there would be no domestic 
oil burners or very few as one might as well shovel coal as to 
spend considerable time in the cellar adjusting the output of 
the burner to synchronize with the changes in heating load. 

Ques. What is automatic control? 
Ans. An automatic system which starts the burner and 

stops the burner as governed by changes in temperature in the 
room or rooms to be heated. 

Basic Principles of Automatic Control.—In order to 
understand the principles upon which the automatic control 
equipment is based, the following is given, relating to a very 
simple system which is basic of most of the systems now in use. 

The system here presented is progressively built up, illus-
trated with diagrams that anybody can understand. 

Ques. How many circuits are required for a simple control 
system? 

Ans. Three. 
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140 	Burner Automatic Control 

Ques. What names may be given to them based upon thei 
function? 

Ans. Circuit No. 1.—Motor circuit; Circuit No. 2.—
thermostatic time switch circuit; Circuit No. 3—stack switch 
or primary control, also called combustion safety control and 
what not. 

Ques. Describe the power motor circuit No. 1. 

110 VOLT SERVICE I LINE 

MOTOR 
CIRCUIT 

1 
THERMOSTAT 

Fm. i—Automatic control power motor circuit No. 1. The 
motor circuit. 

Ans. Current for operating the motor is taken from the 
house power lines. One terminal of the motor is connected 
direct to one of the power wires. In the other wire to motor is 
placed a thermostat as in fig. 1. 
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Ques. What is a thermostat? 
Ans. An instrument which responds to changes of temper-

itture and which directly or indirectly controls the source of 

heat. 

Ques. What happens when the temperature of the room 
Where the thermostat is located becomes too cold? 

ME   SWITCH 
CIRCUIT 

2 
IME SWITCH 

FIG. 2—Automatic control power circuit No. 2. The time switch circuit. 

Ans. The thermostat closes the circuit which starts the 
motor, which in turn operates the fan and fuel pump. 

Ques. What is lacking in this one circuit hook up? 
Ana. No means is provided for igniting the fuel, and no 

ctflt?Ol to act in case of faulty, operation. 

Iii 

I 
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142 	Burner Automatic Control 

Ques. What is the next circuit to be connected? 
Ans. No. 2. Circuit, that is, the thermostatic time swi 

circuit. 

Ques. Describe the hook up. 	 'I  
Ans. One line of the motor circuit is cut, forming a break 

or gap; across this gap Circuit No. 2 is connected. In this circuit 
is the time switch as shown in fig. 2. 

Ques. How does the time switch work? 
Ans. It remains closed when no current is flowing, but does 

not remain closed long when current is flowing. This is the 
time element which is the basic idea of this switch. I 
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the fuel will be ignited, the stack will become warm which will 
cause the. stack switch to close and maintain operation even 
lifter the time switch opens. Again if the fuel do not ignite, 
the stack will be cold and the stack switch will remain open 
with result that as soon as the time switch opens, the motor 
will stop. 

SERVICE I LINE 

CIRCUIT NO. 3 	 CIRCUIT N2 

BREAK 

4 
STACK SWITCH 
	 TIME SWITCH 

Ques. Describe the operation thus far when the thermosta 
closes. 

Ans. Since the time switch is normally closed when the 
thermostat closes, the circuit is complete and the motor starts 
running, but only for a minute or so till the time switch acts 
and stops the motor. 

Ques. What control is added to prevent the motor stopping 
if operating conditions be alright? 

Ans. A third switch is added called the stack switch circuit. 

Ques. Describe the hook up. 
Ans. As shown in fig. 3, the third circuit which includes 

the stack switch, is connected to the two terminals of the break. 

Ques. How does it work? 	 1, 
Ans. The primary purpose of the stack switch is to shut 

off the oil supply to the burner if it fail to ignite. Evidently if, 
during the interval the time switch allows the motor to run, 

THERMOSTAT 

STACK 
SWITCH 
CIRCUIT 

3 
Fic. 3—Automatic control power circuit No. 3. The stack switch circuit. 

The Primary Control 
1.2.3.4. WNR.B 

By definition, the primary control is: The instrument or 

assembly of electrical devices which actually starts the burner and 
stops it in response to signals from the room thermostat. 
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b. 

Ques. Of what does the primary control consist? 1. Transformer relay. 
Ans. It consists of several electrical switches connected  2. Ignition switch. 

the right moment. 	 4. Safety warp SW' 

Ques. What are the figures and letters 1.2.3.4. W.R B ? 

	switch. 
gether in such a way that each part of the burner operates a 	3. Stack switch. 

Ans. They are terminals of a primary control of the 	
Ques. What is the object of the transformer relay? 

suitable for controlling the three circuit system just described, 	Ans. it reduces the house line voltage to a low voltage for 

A control of this type is shown in fig. 8, and pages 183 and 184. the operation of the thermostat circuit. 

V —..-.--' .... 
STACK SWITCH 
CONTACT MECHANISM 	

/ 	 FAST ACTING 

ELEMENT 

, 	

- 	*r THERMAl. 

	

------..;4Iw 	.•. 

HUM - 	 TRANSFORMER 
FREE 
RELAY 	 4 	t..;;J O  COEII 

HOLDING 
SCREW 

SAFETY 	 CONVENIENT 
SWITCH , 	 TERMINAL 
RESET 	 . 	 I1RRIINGEMENT 
LEVER 

GUARD OVER 

	

CONVENIENTLY  
SAFETY SWITCH 	 LOCATED . 	-CONDUITAND IGNITION . 	 OPENINGS 

IMER
.5--- 	 -'--- 	 S 	 S 	 - 

Iio. 4—Series 5540 intermittent ignition primary control. View with cover removed sho 
ing parts. 

Primary Control Elements.—The various electrical de 
vices which make up the type master control shown in fig. 
consist of: 

Ques. What other function does the transformer relay per-
form? 

Ans. This unit has a switch which when the thermostat 
calls for heat, passes current to the oil burner motor and at 
the same time passes current through the ignition switch to 
the ignition transformer. 

Ques. What duty is performed by the ignition switch and 
why? 

Ans. It has a heating coil which limits the ignition "on" 
period each time the burner starts. 

Ques. What is accomplished by the stack switch? 
Ans. The stack switch is a safety device which is operated 

by a thermostatic element in the stack. 

Ques. How does the stack switch work? 
Ans. If the temperature in the stack fail to rise within a few 

seconds after the burner starts, the contacts remain closed, or 
If the temperature drop after the burner has started, the stack 
Nwitch closes. This permits operation of the safety warp switch. 

Ques. What is the safety warp switch and what does it do? 
Ans. This is a heating coil with a contact attached to a 
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thermostatic bi-metal strip which receives heat from the coil 
nd opens a circuit, locking the burner in "off" position in the 

event of flame failure or no fire at the start of the burner period. 

Ques. What do they call this locking of the burner in the 
off position? 

bO 

Ans. They call it "warped out". 

Primary Control Sequence of Operation.—The various 
operations performed by the primary control may be described 
under these headings: 

	

Ei 	 1. When the thermostat calls for heat. 
2. After the burner starts. 
3. The burner during normal operation. 
4. After the burner stops. 
5. Recycling. 
6. Flame failure. 

When the Thermostat Calls for Heat.—When the room 
thermostat calls for heat and closes its contacts T as shown in 
the diagram fig. 5. 

- 	 This completes the low voltage circuit and current flows from the 
Cd secondary winding S, of the combination transformer relay, through 

6 the white thermostat contact W, to the blue contact B, and stack 
switch contacts H, and starting switch contacts G, back to the other 
side of the transformer secondary S. 

0O' 

Ques. What happens when the thermostat closes its con-
tacts T? 

Ans. This action draws more current through the primary 

	

bO 	 winding P, of the transformer relay which operates and closes 
the line voltage contacts J. 

Line current at 110 volts then flows from the high or "hot" side of 
the line, through the limit control terminal 1, contacts j, terminal 3, 
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oil burner motor, and back to terminal 2, where it is connected 
the low or ground side of the incoming line. 

ues. What happens when the line voltage contacts J, 1  
close? 

Ans. Current immediately flows through the ignition switch 
contacts, terminal 4, the primary (110 volt) side of the ignition 
transformer N, and back to the ground side of the line. 

Q'.ies. What does the ignition transformer now do? 

0 	 11 

FIGS. 6 and 7.—Diagrams of safety switch in running position and "warped out." 

Ans. It steps up the 110 volts to approximately 10,000 volts 
and this is fed directly to the electrodes of the burner. 

Hence, as soon as the oil burner motor starts to deliver oil to the 
nozzle, a spark is available at the electrodes to ignite this oil. 

After the Burner Starts.— As the hot gases from the 
burning flame rise in the stack, they heat the bi-metallic ele- 

ment in the stack switch and cause a small drive shaft to open 
contacts H. 

This generally takes about 30 to 35 seconds. When H, opens, the 
low voltage circuit is shunted through a resistance X, which reduces 
the low voltage secondary current. This in turn reduces the line voltage 
current sufficiently in the transformer primary P, to prevent the 
safety switch L, warping out, but the current is still strong enough to 
hold the transformer relay closed. 

Ques. What is the result, if for any reason, combustion does 
not take place? 

Ans. The stack switch will not be opened and the current 
drawn by the transformer secondary will not be reduced by 
the resistor X. 

Heat will be generated in the element of the safety switch L, and 
in about 96 seconds this will warp out and remain locked out. This 
interrupts the 110 volt circuit, causes the transformer relay to release 
and stops the motor and ignition. 

Ques. What do they call this position of the master control? 
Ans. The master control is said to be on "safety" or "warped 

out." 

Ques. What must be done to restore the master control to 
the normal starting position? 

Ans. The reset button must be pushed in by hand. 

Ques. What is the object of this feature? 
Ans. It prevents automatic and repeated attempts to start 

until the trouble has been rectified. 

The Burner During Normal Operation.—As the burner 
continues to operate, the ignition switch opens due to the in-
fluence of its heating coil and this cuts off the ignition. Then 
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the fork shaped bakelite arm opens contacts G, and breaks the 
low voltage starting circuit. 

This puts the burner in its normal operating condition and will 
continue to operate until the room thermostat is satisfied, or until it 
is turned off by the limit control. 

After the Burner Stops.—When the room temperature 
reaches the desired temperature (corresponding to the setting) 
the thermostat contacts open and break the low voltage control 
circuit. 

This immediately causes the transformer relay to open, which in 
.
turn opens the motor circuit. The motor stops, the flame receives no 
more fuel and goes out. The stack element cools and closes the stack 
switch H. The heated warp element on the ignition switch cools and 
closes the ignition contacts and then the starting contacts G. The 
burner is now ready to start again when the thermostat contacts are 
again closed by adrop in the room temperature. 

Recycling.—The burner cannot start immediately after it 
has just shut off. 

Ques. Why? 
Ans. The heated warp element on the ignition switch must 

first cool so as to close the ignition contacts and then the 
starting contacts G. 

When the thermostat contacts close by drop of room temperature 
the burner will start. This fact is of no consequence in normal opera-
tion, but it can be misleading when one is testing or working on the 
burner. Always remember that a cool down period of several minutes 
is necessary when the master control is warm before it will respond to 
an increased thermostat setting or other call for heat. 
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THERMOSTAT--- .•. 
PRIMARY-7 	:1 

LIMIT Co NT RO L  

CONTROL 	 I  

- 

- 	1 
110 VOLT 

AC 

MOTOR 

Flame Failure.—When this happens the drop in stack 	 ., 
temperature will close the stack switch contacts causing in- 	 IGNITION TRANSFORMER - 

creased current to pass through the safety switch, warping it ----- 	 -----------'- 
out, and stopping the burner. 8.—Simple etectrical system for burner automatic control.ihe diagram shows the 

k1lilree   essential elements and how they are wired. 
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Ques. What must be done to make another start. 
Ans. The button on the front of the control must be presseil 

in and then released. 

General Electric Inverted Oil Burner and Control.— 
The various controls necessary for proper operation must be 
brought into action according to a properly timed cycle and 
this is accomplished by the master or primary control. 

Ques. What does this do. 
Ans. It resets the safety switch. 

Ques. What condition must be obtained to reset the safety 
switch. 

Ans. It must cool off and warp out before it can be reset, 
This requires about 5 minutes. 

Limit Control.—This device should be placed in the lirw 
voltage circuit as shown in the diagram to prevent the heal 
being generated in the furnace or boiler producing too high 
temperature or steam pressure. 

Radiant Flame Control.—This is a method of automatic 
control which is sometimes used in place of a stack switch. 

Ques. What is the basic principle upon which its operation 
depends. 

Ans. The operation of the radiant flame device used in plac 
of a stack switch, depends upon the color of the flame instead 
of stack temperature—later described. 

THE GENERAL ELECTRIC METHOD OF BURNING OIL 

On all models of G-E oil-fired units the 
fuel oil is drawn from the stora g e tank 

trough a SCREEN VALVE 

Into a MOTOR COMPRESSOR unit 	 > 

by a ROTARY OIL AND AIR PUMP 
which discharges oil and air into . 

a SUMP under presdure 

OIL goes through an  

ELECTRIC VALVE 
and mixes with COMPRESSED AIR 

In a BURNER NOZZLE 

The oil burns In a COMBUSTION CHAMBER 

cushioned on the AIR Introduced 

roe the bottom of the furnace = 

and gasses pass 

through a SECONDARY HEAT 
TRANSFER SURFACE to the . 
bottom of the unit. 

-.—Oil from Tank 

•Ild oct through a 

CHIMNEY CONNECTION 

Vlu. 9—Diagram showing essential parts of General Electric inverted oil burner of the 
tutomatic heating equipment shown in the accompanying illustrations, 
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NICHROR4E TUBE 

ING 
OUARTZ N 

ADJUSTING SCREW -. 

CLUTCH ARM 
QUARTZ ROD 

CLUTCH () 	1" SPRING 

COLD SIDE 	

f 
 

CONTACT 	
HOT SIDE CONTACT 

MOVABLE  CONTACT 
FIG. 10.—Detail showing operation of General Electric thermal switch flame detector type 

CR 786502. The sensitive element is made up of a nichrome tube and a quartz rod. The 
nichrome has a high coefficient of expansion, the quartz has practically zero expansion. 
This difference is translated into motion of the contacts. In operation, as heat striking 
the nichrome tube causes it to expand and become longer, the rod moves farther into 
the tube and the spring pulls the clutch arm downward,  which breaks the cold side 
contact and makes the hot side contact. As the tube continues to heat, the clutch arm 
moves downward still farther and the clutch slips to allow for this movement. Should the 
flame fail at any time, the tube begins to contract and the first upward motion of the rod 
pushes the movable contact off the hot side and shuts down the burner. As the tube 
continues to cool, the clutch slips as before to take up the excess motion. Thus, this switch 
is sensitive to temperature change at any point in its range of operation. The hot and 
cold contacts are provided with wipe or follow action, so that breathing due to sligh 
flame variations or draught conditions will not cause the contact to be broken. 

FLAME DETECTOR: WIPE ON 
COLD AND HOT CONTACTS 

WIPE SPRING 

.015" WIPE 

- 

SUPPORT STRIP 	
I-- 

FIG. 11.—Section of flame detector stationary contact. Both the hot and cold side con 
tacts have wipe or Jo/low. The contact itself is mounted on a wipe spring of phospho 
bronze and this is held by a heavier support strip. In operation, when the movable co 
tact pushes against this contact it can move it about .015 inch. However, if the wi 
spring be stiff, and the clutch slip very easily, the movable contact may not be able 
take up the wipe. This is important on the hot side, for then the slightest fluctuation z 
temperature may break the circuit, and the furnace will recycle. Sometimes tightenin 
the clutch spring (sliding it closer to the clutch) will cure this. Also make sure there 
is no grease on the clutch. Dirt or corrosion behind the contact may also cause insufficient 
wipe by limiting the movement. Wipe is also lost if the wipe spring become bent so tha 
the contact stays back against the support strip and therefore has no movement. 

OP 

AS TUBE EXPANDS, NOT'CONTACT IS MADE 
AND THE CLUTCH THEN SLIPS TO TAKE 
CARE Of ADDITIONAL EXPANSION OF 
THE TUBE 

FIG. 12.—Norrnal flame detector action. 
FULCRUM HAS SEPARATED 

+ f CONTACTS 
MOVE UPWARD 
AS TUBE EXPANDS 

WHEN CLUTCH HITS STOP, 
ARM ASSEMBLY PIVOTS 0* 
IT AND 'BREAKS' HOT CONTACT 

TUBE 

Fic. 13.—Pivoting of flame detector after clutch strikes stop. 

TOTAL GAP WHEN WIPE 
IS TAKEN UP ON ONE 

IMM 	 CONTACT 
.027 INCH 

(ABOUT 1/32") 

FIG. 14.—Flame detector contact adjustment. 
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LH 

IG 

ay 

BLACK 

Run 	 Pic77 

Start 
Start 	 contact 	 n;.L C, ts 

RED 
GREEN 	

1 	
—Jurper 

LJiTI i +I T 	 J 

Intermittent and Continuous Ignition.—The manufac-
turer of the Brandford oil burher recommends intermittent 
ignition on burners using not more than about 3 gallons of oil 
per hour. While there are an indefinite number of burners of 
all makes using intermittent ignition the same manufacturer 
says: 

Large combustion chambers remain very hot for considerably greater 
periods of time than do smaller ones. Should the fire he suddenly extin-
guished, as through the pump losing its prime momentarily, air in the 
line, or a slug of water etc., the safety switch will not operate fast enough 
to prevent a large capacity nozzle throwing in enough unlighted oil to 
cause more or less serious damage when it does finally ignite spontane-
ously from the heat thrown off by the refractory. 

Under certain conditions it is claimed the flame may be smoother and 
make less furnace rumblings when continuous ignition is provided. 

	

Ir 	i - n 	 Lockout 	 Is I 

	

I 	I4ctcr 	Heater Contact 	Ian. Contact

— —HoT 

oil 

CR79650115 	 I 	I 	3 ?! 

15 er no St at 

Ques. In a burner having intermittent ignition how is con-
tinuous ignition obtained? 

Ans. Connect the ignition wires at the combustion safety 
relay in parallel with those of the motor, which will keep the 
ignition on continuously as long as the motor is running. 

This will in no way affect the safety features of the relay or com-
bustion control. 

j-;:tOr 

Cold 

Fie. 15.—General Electric master control and M relay wiring diagram. Cycle of operation: 

1, The room thermostat or the domestic water switch closes and makes the connection 

between R and W shown. 2, The flame detector is on the cold side so there is a complete 
circuit from W through the normally closed low voltage ignition contact, through the 
normally closed lockout contact, through the lockout heater to thermal 4, through the 
cold side contacts of the flame detector to terminal 1, through the low voltage side of the 

transformer relay and back to R. 3, This circuit energizes the transformer-relay and 

causes Ri. and Ra_t to close. RL provides a holding circuit while the flame detector is 

traveling from the cold side to the hot side. 4, When RH closes, it completes the circuit 

to the ignition transformer through normally closed line voltage ignition contact and 

the spark is generated. Closing of RH also completes the circuit through the motor over-

load contact of the M relay, through the overload heater, through the pick up coil of the 
relay and through the run winding of the motor. The inrush current through the run 
winding and pick up coil closes the start contacts and energizes the start winding. As the 
motor comes up to speed the current drops allowing the start contacts to open. 5. The oil 
valve coil is connected to 1 and 3 of the M relay. This puts it across the start and rug  

windings of the motor. The oil valve coil is energized and the needle picks up when th 

FIG. 15.—Text continued. 

start circuit is dc-energized. Flame is not established until a short instant after the 
motor compressor starts. 6. When flame is established, the flame detector leaves the cold 
side and starts moving toward the hot side. When it leaves the cold side, the current in 
the secondary of the translormer relay must flow through RL, through the ignition heater 
and also through the lockout heater, the lockout contacts and ignition contacts. If the 
current flow through the lockout heater for more than 28 seconds it will cause the lock-
out contacts to open and stop the burner. These contacts must be reset manually if they 
open. The flame detector will normally get over to the hot side in 5 to 10 seconds. When 
it reaches the hot side it provides a low resistance path in parallel with the lockout heater. 
The current will flow through this low resistance and not through the heater. Assuming 
the flame detector has reached the hot side in less than 28 seconds, everything is normal. 
7, Current started through the ignition heater when the flame detector left the cold side. 
Sixty seconds later this heater causes both ignition contacts to open. Current continues 
to flow through the ignition heater as long as the burner is operating. When the thermo-
stat or domestic water switch is satisfied everything shuts down and the ignition heater 
cools off. Sixty seconds later both ignition contacts will close. This period then is a scav-
enging period at the end of the heating cycle. The burner cannot start up again until this 
period is over. 
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• Boiler Control Devices.—These are also known as ii 
switches. 

Ques. Name two kinds of limit controls. 
Ans. 1, Temperature control; and 2, water level control. 

Ques. What is the reason for temperature limit control? 

Ans. It takes time to heat a room and even if all the radi-
ators are filled with steam, the thermostat will keep calling 
for more heat until the room has become warm. During this 
interval the limit control will shut down the furnace before 
the steam pressure or temperature reach an unsafe degree, 
that is, the pressure or temperature for which the device has 
been set. 

Hot Water Switch.—On some outfits there is a thermo-
static device which holds the temperature of the water in the 
hot water or steam boiler within pre-determined limits—
usually between 1600  and 180° . Heat is transferred from the 
boiler to the domestic hot water storage tank by means of an 
indirect water heater. The location of the domestic hot water 
switch is shown in fig. 13. 

CHAPTER 19 

Burner Radiant 
Heat Control 

According to Kennedy Van Saun: "It is agreed by thosc who 
are familiar with combustion that radiant heat is most desirable 
and that it is about eight times as good as heat by convection in 
the combustion chambers." * 

Some of the burner manufacturers appreciating the efficiency 
of heat transmission by radiation have utilized radiant heat 
for the automatic control of their burners, calling it "electric 
eye" visaflame, sometimes erroneously electronic control, and 
what not of a non-descript or questionable nature. 

Ques. Why do they call it electric eye? 
Ans. Because it works when it can "see" the flame. 

Ques. How do they utilize radiant heat for burner control? 
Ans. The device used is a hermetically sealed glass bulb 

*NOTE._Anyone  even a thermal dumb-bell who doubts this, need only open up 
the bathing season by spending two or three hours on the beach under the blazing sun 
and experience the usual results the next day—sunburn. 

DF_Dell
(C) InspectApedia.com gray

http://inspectapedia.com/heat/Oil_Burner_Inspection.htm
http://inspectapedia.com/heat/Oil_Burner_Inspection.htm

