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pilot before the main fuel valve can be opened; (2) in the
event of a failure to prove an adequate pilot, a safety shut-
down should occur; and (3) in the event of a flame faiture
during the burner burning cycle, the fuel valve should be im-
mediately de-energized and the pilot re-estahlished or &
safety shutdown should occur.

5. Commercial and industrial gas burners of the power
type are normally provided with the spark-ignited pilot
established on each burner cycle. These burners require a
flame safeguard control whose functions nonmxlly include (1)
pre-ignition purge, (2) establishing and proving the spark-
ignited pilot, and if not proven, eausing a safety shutdown,
(3) on proof of pilot, opening the main fuel valve, (4) at the
end of the timed ignition period, turning off the spark ignition
only or both the spark ignition and pilot valve, (5) in the
event of a flame failure, de-energizing the fuel valves within
four seconds, {6) at the end of the burner operating cyele,
closing the fuel valves and keeping the burner motor running
for a post.—purge period, and (7) in the event of a flame fail-
ure, a safety sh (req s manual reset
prior to mmrt)

6. On combination gas-oil burners, because the program-
ming sequence of the primary control varies only shightly
from gas to oil, single and dual fuel units normally utilize the
same flame safeguard controls with the addition of the added
flame detector as required.

7. Mechanical and thermal flame sensing means are not
congidered adequate for these burners because the majority
of local codes and approval bodies require a four second ‘re-
sponse timing following a flame failure on commercial and
industrial burners.

Electronic means of ﬁa.me sensmg, mp(mdmg within four

ds to the of a flame, utilize either
electrical characteristics or the spectral radiation of a flame
as a signal source. Electronic flame detection units are clas-
sified by their means of flame sensing:

a. The flame rod, for checking a y.s pilot or main flame,
or both utilizes the current carrying ability of a flame.

b. The photocell responds to the visible mdiant energy of the
luminous flame (oil).

¢. The lead sulphide cell ds to the invisible (infra-red)
radiant energy from either a luminous or non-luminous flame
{gas or oil).

d. The ultra-violet photocell responds to. ‘the mvxsible {ultra.
violet) radiant energy of the flame. Not afiected by radiant
energy from hot refractory (gas or oil).

Whenever the pilot is proven before the main fuel valve is
opened, a pilot turndown test should be made on the burner
installation to prove that the lame sensing means will always
provide a pilot capable of safely igniting the main burner.

In addition to the controller, the limit control, and the
primary of flame safeguard controls, the eentrol system for
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3. Velves. These provide off-on control of pilot or main fuel
supply or both.

4, Waier level controls. These coptrol the water level on
steam boilers and guard against low water conditions.

& Draft control. This regulates the draft in the combusticn

for proper

8. Electric overload releazes and fuses. These prevent electric
overloads from endangering or damaging the burner or electric
wiring.

A discussion of preceding items 1 to 6 follows.

Interlocks. Interlocks consist of electrical switches which
indicate that a satisfactory starting and operating condition
exists. The starting interlocks prove that the burper linkage
ig in the low fire position, the up-take damper is in the start
burner position, the draft control interlock is in the start
position, the oil is at the proper temperature to assure igni-
tion or that air and fuel pressures are proper for burner
operation. Operating interlocks prove that the fuel and air
Ppressures are maintained within the burner operating limits
and that proper draft conditions prevail. In the combination
gas-oil burners, the fuel changeover switch may also perform
an interlock function. The selection of interlocks for a burner
contrel system depends largely on the size of the burner, the
fuel involved, and the method of operation as well as ap-
proval body requirements.

Firing rate or combustion controls. Most of today’s large
commercial-industrial burners have a means of adjusting the
firing rate to the load demand. This involves a change in the
firing rate (both air and fuel simultaneausly) either from high
fire to low fire or to a modulation between these two points
as the pressure or temperature of the controlled variable
changes, This change in firing rate may be governed by
either electric, hydraulie, or pneumatic control. Burners with
firing rate controls are required to be started at a low firing
rate. The firing rate controls may allow the burner to go to
a high fire rate immediately after ignition as the main fuel
valve opens, or may hold at the low firing rate until the
burner stabilizes and the draft becomes established before
permitting the firing rate control to operate. Regardless of the
type of firing rate the control employed or the means used
to accomplish it, the assured low-fire start provides a
smoother ignition. The types of firing rates involved are low-
fire start, high-fire run, high-low, or modulating. The type
used depends upon the size and requirements of the burner.

Valves. Valves are required for final shutoff of both the
gas pilot and main gas or oil valves in the supply line. The
type of valve to be used would depend upon the service, fuel,
and characteristics of the burmer. Valves are classified by
types as follows:

a. Solenoid gas or oil valves. These provide quick openi And

quick closing. For gas, approved as safety shutoff valves in
size and below are used normally ouly for pilot supply.

b Motar opemted ya.s and oil valves may be of geartrain or
types.

the commercial and industrial burners may include additi
controls to provide added sequence or safety interlock furic-
tions. The extent to which the control system will include
these added functions will depend upon the size and type of
burner involved, as well as upon ocal code and approval body
requirements. The complete control system for the com-
mercial-industrial burners could include the following control
functions:

L. Interlocks. These provide a check to insure that the con-
trol devices are in proper position and that other conditions are
aamfnctoxy prior to burner start-up as well as during the firing

2 Fumg rate or combustion controls. These regulate the
burner firing rate.

They provide relatively slow
opening and quick closing. Opening time is not adjustable. They
}mve provision for either direct or reverse acling oparai.mg
evers.

hragm valves for pas are usually operated by tegas
su.re ough some types are steam- or axr—opera ese
valves make pmvmon {for adjustable °p% which may
be adjusted to the d: burner operating ristics. They
have provision for either direct or reverse acting lever arm.

d. Manually opened safety shutoff valves for gas or oil can be
opened manually only when power 15 available. When power is
mherrupfed they an !ret:‘i for fnst closure. They are normally

e. Bumer fnput control valves are required for gas or oil by
gome approval bodies in addition to safety shutoff valves. These
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may be of the slow-opening type or may provide for high-low or
modulating operation. Theae valves may or may not have
provision for final shutoff. Requirements of | codes and
appmvnl bodies should be followed to assure that. valyes selscted

approved for the type of burner used and that maximum

ove efficiency of the burner is obtained.

Water Level Control. On steam boilers it is necessary to
provide low-water cut-offs to prevent burner operation if
the water level should drop to an unsafe level. In addition,
water level controls may be required in added seq to
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which are Ily included in the ic starters for
the motor. Fuses should be provided as speﬂﬁed by loca.l
electrie codes.
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protect against low-water conditions in the boiler and to avoid
buruer interruptions, Two basic types of water-level and low-
water cut-offs are the float and probe types.

The float type water-level control consists of a switch
operated by a float which is either in the boiler water orin a
float chamber installed adjacent to the boiler. As the water
leve! falls, the float drops and, through a linkage, operates a
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fe ion (Stoker Manuf: A Manual, St.oker

Ma.nufacturem Amoc:at.mn)
*Code for deter rated thracit
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adopted Mny 3, 1944 (Stoker Manufacturers Association Man-
, Stoker Manufacturers Association).
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switch to start the feed-water pump, energize the electric
feed-water valve for (low pressure water) or the float and

“linkage may open directly the mechanical feed-water valve

(low pressure boilers only). If the boiler water continues to
fali another switch is actuated by the linkage to shut off the
burner before a hazardous low water level is reached.

Probe type controls provide the same function as float
type controls. They operate on the principle of conduction of
a small current from the probe through the water to hold
the relay energized. As the water level falls, the contact be-
tween the probe and water is broken, the current flow stops,
and the relay is de-energized. Contacts on the relay provide
switching as required. Probe type controls cannot be used
for direct operation of feed water valves.

Drajft control. A draft control is normally used on com-
mercial burners in place of a draft hood so 88 to maintain a
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