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1.0

INTRODUCTION

The purpose of this manual is to familiarize boiler operating
personnel with the concepts which govern industrial boiler control
systems. It is intended for use by those who do not necessarily have
an extensive background in instrumentation and control technology, but
who do have a basic knowledge of boilers and their ancilliary systems.
The manual focuses on boilers in the 60 million BTU per hour (MM
BTU/hr) range, but many of the concepts are applicable to boilers of
any size.

The three major areas of industrial boiler control are covered.
These are: burner (or combustion) control, feedwater control, and
flame safety systems. Section 2.0 provides pertinent background
information regarding the need for, and the objectives of, these three
major subsystems. Section 3.0 is a discussion of control theory that
acquaints the reader in general terms with various control techniques
and concepts. Sections 4.0, 5.0, and 6.0 describe the control schemes
that are normally employed to provide the desired control of each of
the respective boiler subsystems. Section 7 provides detailed
information regarding the function and operational theory behind the
various control components. Also included in Section 7.0 is vendor's

catalog data for se]eéted control components.
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2.0
2.1

2.2

BACKGROUND
General

The purpose of any boiler control system is to provide safe,
efficient operation of the boiler at the desired output without the
need for constant operator supervision. This means that the
combustion process inside the furnace must be controlled as well as
the steam conditions at the boiler outlet. The boiler must be able to
respond to changes in load without jeopardizing safety or performance.

Although all boiler control systems perform essentially the same
functions, the systems themselves may be either quite simple or quite
intricate. Generally, the more complex the system the more precise
the control capability. However, the more complex the system, the
more difficult it is to maintain, and the more susceptible it is to
malfunction. A variety of control techniques are available, and the
choice of which technique is the "best" is often merely a matter of
personal preference.

Boiler control systems are generally broken down into three main
functions: burner controls, feedwater controls, and flame safety
controls. The three are interrelated as far as actual operation of
the b&i]er is concerned, but they are basically independent systems.

They will, therefore, be discussed separately here.

Burner Control Systems

It is the responsibility of the burner control system to supply
air and fuel to the furnace in the correct proportions to meet the

steam demand. It is important that the correct air to fuel ratio be

2-1




maintained, regardless of steam flow. Too much air will result in
inefficient operation, and too little air may be dangerous as well as
being inefficient.

As the combustion process takes place in the furnace, oxygen in
the combustion air combines chemically with the carbon, hydrogen, and
sulfur (if present) in the fuel to produce heat. The amount of air
that contains enough oxygen to combine exactly with all the
combustible matter in the fuel is called the "theoretical" combustion
air.

In actual practice, it is impossible for every molecule of oxygen
that enters the furnace to combine with the fuel. For this reason, it
is always necessary to provide more air than the theoretical
requirement. For oil and gas fired boilers it is customary to provide
10 to 20 percent more air than the theoretical requirement to ensure
complete combustion. This additional air is called "excess air," and
a boiler firing at 1.2 times the theoretical air requirement would be
said to be firing at 20 percent excess air. Since air is
approximately 21 percent oxygen, a boiler firing at 20 percent excess
air is also said to be firing at 4.2 percent "excess oxygen."

If insufficient oxygen is introduced into the furnace, incomplete
combustion of the fuel will occur. This not only wastes fuel, but it
can cause hazardous conditions in the boiler. The unburned fuel may
later ignite in the boiler or breeching and result in a dangerous
explosion.

Providing too much combustion air eliminates the explosion
danger, but this, too, results in inefficiency. By far, the largest

energy loss in any boiler is the heat which escapes as hot flue gas.
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Increasing the excess air flow merely causes more hot flue gas to go
up the stack as wasted energy.

It is, therefore, desirable to maintain the correct ratio of
combustion air to fuel flow, or "air/fuel ratio," at all boiler
outputs. Thus, the burner control system must simultaneously regulate
the fuel and air supply to the furnace any time a change in load is
required.

As mentioned earlier, burner control systems may become as simple
or complex as desired. For boilers in the 60 MM BTU/hr range, the
control systems are usually relatively simple, since the performance
improvements possible generally cannot justify the cost of more
complex systems. The firing rate of the boiler is normally determined
by steam header pressure only.

This is called "single element" contral since only aone contraol
element, pressure, is used. In larger boilers, two or three-element
control may be used. That is, the firing rate of the boiler is not
only controlled by header pressure, but may also be controlled by
steam flow, steam temperature, or by a process signal such as the

opening of a flow control valve.

Burner control systems are discussed in detail in Section 4.0.

Feedwater Control

The function of the feedwater control system is to provide
make-up water to the boiler to replace the feedwater leaving as steam
and/or blowdown. This is normally accomplished by maintaining a
specified water level in the steam drum., It is essential that this

water level

2-3
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remain in the appropriate range. Too high a water level may cause
water to be carried over into the superheater (if there is one) or
even to the load devices, either of which can cause significant
damage. Too low a water level may result in burn out of the boiler
tubes. The range of safe water level in the drum is usually
determined by the boiler manufacturer. It is dependent upon a number
of factors, such as the size and shape of the boiler drum, the design
of the boiler, and the characteristics of the steam load.

Maintaining a constant water level in the drum is not as
straightforward as one might think. First of all, a clearly defined
“Tevel" usually does not exist. Instead there is a zone where steam
and water are aimost indistinguishable. The steam in the zone is
entrained with many fine droplets of water. The water in the zone
contains a multitude of steam bubbles in an almost continuous mass.
What is more, the volume of these bubbles can increase or decrease
rapidly, giving a false indication of changing water level in the
drum. When the steam bubbles expand, this is known as drum "swell,"
and when they contract, it is called "shrink."

Drum swell is influenced by several factors. Among these are the
drum pressure, boiler design, firing rate, steam load, feedwater
temperature, and feedwater flow.

The boiler design influences drum swell in a number of ways. The
ratio of heating surface to the volume of water in the boiler, the
speed of circulation of the water, and the surface area of the drum

water in relationship to the volume all have an effect on drum swell.
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At low drum pressures, the volume of pound of steam is much
greater than the volume of a pound of water at the same temperature.
Because of this, greater swelling occurs in boilers with lower
operating pressures.

Rapid fluctuations in steam load or in boiler firing rate have a

marked effect on drum swell or shrink. For example, if the steam load
is suddenly increased, the drum pressure will decrease, and the volume
E- of the steam bubbles will increase. More bubbles will also be created
since the lower pressure will allow an additional portion of the drum
. water to vaporize. The result is an apparent increase in drum level
éi when the actual quantity of water in the drum is Tess.

An increase in firing rate will raise the drum pressure, which

in turn tends to decrease the volume of the steam bubbles and lower

the drum level. However, increased firing also creates more steam

bubbles, and the net effect is usually an apparent increase in drum

Ty ——— —
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level.

Increasing the feedwater flow will at first tend to decrease the

boiler drum level. The feedwater has a cooling effect which collapses

Lo b e .

the steam bubbles in the drum. The colder the feedwater, the more

‘i pronounced the effect.

P"

r The problems associated with feedwater control become obvious

EZ when one considers the effects of drum swell and the difficulties that

E‘ can be encountered in determining the actual quantity of water in the
drum at any given time. Feedwater control systems, like burner

controls, may be quite simple or may become rather sophisticated.

Again, the more complex the system, the more precise the control.
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2.4

Smaller boilers in the 60 MM BTU/hr range normally use simple systems
where only the drum level is monitored. (This is single-element
control since only one parameter is monitored.) Larger boilers use
two or three-element control, where steam flow or pressure and
feedwater flow are monitored in addition to drum level. The various
types of feedwater control systems are discussed in detail in Section

5.0.

Flame Safety System

The purpose of the flame safety system is to prevent those
conditions which can lead to a boiler explosion. Such conditions can
occur any time unburned fuel vapors are present in the furnace or
ductwork, z ignition, either intentional or accidental, takes place.

Start-up is an especially critical period, since explosions can
result from a variety of causes at that time. If the furnace is not
properly purged, fuel that has seeped past faulty shut-off valves
during the boiler outage may explode when the ignitoés are lit. If
the fuel that is intentionally introduced into the furnace during
start-up does not ignite quickly, it too can accumulate with hazardous
results.

During normal operation, an explosion can occur anytime the
burner flame is extinguished and the fuel supply is not shut off
immediately. The flame can be lost for a number of reasons, including
improper fuel pressure, interruption in fuel supply, contaminated

fuel, and burner malfunctions.




As mentioned earlier, hazardous conditions can also result during
jl normal boiler operation if insufficient air is introduced into the
furnace to complete the combustion process. The unburned fuel may
later ignite in the ductwork with disasterous results. In this
instance, the flame safety system does not provide any protective
function. It is the responsibility of the burner control system to
ensure that the proper air/fuel ratio exists. (This is perhaps just a
matter of definition, since one could include those burner controls
which prevent insufficient combustion air in the flame safety system.)

Thus the flame safety system must ensure that the boiler is
purged prior to ignition, and that the fuel supply to the boiler is
ignited quickly and burns continuously. Flame safety systems are
generally required on all industrial boilers, both by law and by the

regulations of insurance underwriters. There are some exceptions for

boilers smaller than 10,000 1b/hr steam output, but for the purposes

of this text it will be assumed that all boilers are equipped with at

least some form of flame safety system.

Flame safety systems are discussed in detail in Section 6.0.
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3.0
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BASIC CONTROL THEORY

General

In order to fully understand the functioning of the various
boiler control systems, it is necessary to first understand some of
the basic principles of control. A brief overview of control theory,
which highlights the principles applicable to small boiler control
systems, is presented in this section.

Generally speaking, there are two basic modes of control:
"open-loop" (or “non-feedback" ) and closed-loop (or "feedback").
These are broad classifications which may apply to the functioning of
an individual control component or to an entire system. Open-lonop
means that there is no return signal, or feedback, to the controlling
device to indicate whether or not the desired output conditions are
being obtained. Closed-loop means there is a feedback signal. Often
a control system will contain more than one control loop, and both
closed and open loops may be utilized in the same system. Most small
boiler control systems consist of a single basic closed-loop with
several open-loops included.

One should also have a general understanding of the types of
control signals that are utilized within a control system. The
signals that are received from various sensing devices as input or
feedback are often adjusted so that the desired output signal is
achieved. A discussion of the various signal functions is given
below, along with with a description of open- and closed-loop control

techniques.
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Open-Loop Control

The simplest control method is the open-loop system where the
manipulated variables (such as fuel, air or water flow) are adjusted
from the inpuf demand signals without monitoring the outlet conditions
or output variables (see Figure 3-1). In other words, there is no
return signal, or "feedback" from the output variables by which the
control system can determine if the desired outlet conditions are
actually being met. The control system is initially calibrated, and
it is assumed that the same outlet conditions will be produced for
each controller output signal. This will only be the case as long as
the boiler conditions remain the same as they were when the
calibration was established. In actuality, the boiler conditions
often do change, and the inaccuracy that can result with open-loop
control often outweighs the advantages of simplicity and rapid
response time. For this reason, pure open-loop systems are seldom

used for boiler control, and at least one feedback loop is provided.

Closed-Loop Control

A closed-loop control system is used to overcome the
inconsistency that can result from open-loop control. With closed
loop control, the actual output is measured and compared to the
desired output value (see Figure 3-2). If there is any deviation
between the two, the closed-loop system acts to correct it. As stated
earlier, the term "closed-loop" may apply to the functioning of an

individual control component or of the entire system. In either case,
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3.4

a return signal is provided from a measured output variable to the
controlling device. This feedback signal is sometimes called the
“error signal," since it is based on the deviation of the actual
output from the desired output, or "set point."

A simple burner control system is a good example of closed-loop
control. In this case the steam header pressure is the measured
output variable. When the header pressure deviates from the
set-point, the master pressure controller generates an error signal
which is a function of the difference. This error signal is
transmitted to the fuel and air regulating devices to adjust the fuel
and air flows. As the header pressure returns to the set point value,
the magnitude of the error signal is reduced to zero. (A more
detailed discussion of burner control systems is provided in Section

4.0.)

Control Signal Functions

In order to fully understand the theory behind closed-loop
control systems, it is necessary to examine just how feedback control
signals are utilized by the system. Whenever a deviation between the
actual output and the desired set point occurs, it is obviously
desirable to return the system to normal as quickly as possible,
without causing any wide fluctuations in performance. To accomplish
this, it is often necessary to produce an error signal that varies in
accordance with some mathematical equation.

It should be recognized that it is possible, by proper selection

of hardware, to produce an output signal that will vary in magnitude
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in accordance with virtually any mathematical function. Input signals
can be added, subtracted, multiplied, divided, averaged, and increased
or decreased exponentially to produce the desired output signal. A
time parameter can also be included so that output signals vary with
the integral or derivative of the input. (A table showing the various
signal functions in both equational and graphical form is given in
Appendix A.)

The closed loop-control systems which are used for boiler
controls utilize many of the mathematical functions referenced above.
For small boiler control systems, the basic control loop generally
uses proportional control. However, integral and derivative functions

are often included to improve performance.

Proportional Control

Proportional control is one of the simplest and most common types
of control techniques. With proportional control, the manipulated
variable (or the controller output) is proportional to the deviation
between the controlled variable and the desired set point. For
example, if the desired steam pressure is 100 psig, and the actual
pressure is 90 psig, a master pressure controller with proportional
control will transmit a signal proportional to that 10 psig
difference. The ratio between the feedback (or error) signal and the
variation in controller output which results from the feedback signal
is known as "proportional gain" or "gain." Figure 3-3 is a diagram
showing the relationship between the ccatrolled variable, the set

point, the output signal, and the proportional gain.
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As can be seen from this diagram, increasing the gain causes a
ii larger change in the output signal to the controlled variable for a
?: given deviation of the measured variable from the set point. In other
g; words the output signal is more sensitive to deviations from the set
ii . point. Likewise, when the gain is reduced, the output signal is less

sensitive.

I{E A disadvantage of proportional control is that when an upset does
occur, the controlled variable does not return exactly to the set
point, but instead is offset by a slight amount. This is a necessary
feature of proportional control, and can be explained by another
examination of Figure 3-3. At any proportional gain, there can be
only one fuel valve opening that will produce the desired steam
pressure. By increasing the gain, the offset can be reduced, but
there is a 1imit to the amount of gain that can be increased. If the
gain is too high, minor deviations from the pressure set point will
cause drastic variations in the fuel valve opening, and a highly
unstable control system will result.

A typical response curve to a step change in load for a

proportional control system is shown in Figure 3-4. At a low gain

t; there is little "cycling" or "hunting," and the system stabilizes

;T rather quickly. However, a large offset results. At high gain some
Ef cycling occurs and the system takes longer to stabilize, but the final
?‘ offset is reduced.

g
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3.6 Integral Control

is The offset which results from proportional control can be
: eliminated by adding an integral or "reset" control mode to the
system. With integral control, as the name implies, the error signal
is a function of both the deviation of the controlled variable from
the set point and time period over which it occurs. The term “reset"
comes from the fact that with integral control, the band of
proportional variation is shifted, or reset, so that the controlled
variable operates around a new base point.

When integral control is added to proportional control, as shown
in Figure 3-5, the result is a system which takes slightly longer to
stabilize (than proportional-only control), but which returns the

controlled variable to the original set point.

3.7 Derivative Control

Derivative control is a function of the rate of change of the
controlled variable from its set point. Adding this control function
to a proportional plus integral control system can improve both the
stability and the response of the system. The response curve for
proportional-plus-integral-plus-derivative control is shown in Figure

3-6.

ir‘. Elash rj1_.v,—v._ Do N
P oLt W L P . .

A3 SERAJLCLAEA e AR
iy =

Naa ara st I aE A
oy 3 :

DA |

-

e -

PP
Ml

4
b




qqqqq

""""""
......

| 1
ERROR o \
SIGNAL DERIVATIVE
-t ACTION

INTEGRAL - PLUS -
PRCPCRTIONAL ACTION

PROPCRTIONAL - PLUS -
DERIVATIVE ACTION

CONTROLLER
CuTAPUT

TIME -

FROPORTIONAL-PLUS-INTEGRAL-FLUS -
DERIVATIVE ACTICN

FIGURE 3.5

P P S O T S GNP . a'alalala’

P VU N S VA U " W TR, DU DN O S




4.0
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4.2

BURNER CONTROL SYSTEMS
General

It is the function of the burner control system to regulate the
flow of air and fuel to the boiler furnace in order to achieve the
desired steam outlet conditions. For the purposes of this manual, it
will be assumed that each boiler is equipped with a single combustion
air fan and a single burner. This is not necessarily the case in
actual practice. Boilers with both induced draft and forced draft
fans, or with multiple burners, are not uncommon. However,
essentially the same control concepts are employed in such cases, so

the single burner/single fan design will be discussed for simplicity.

Parallel Positioning System

The parallel positioning system is perhaps the most common
control scheme for small industrial boilers. With this type of
system, control signals from the master pressure controller are sent
simultaneously to the fuel flow and air flow regulating devices (see
Figure 4-1). The positioning of these regulating devices is thus
determined by the magnitude of the signal from the master pressure
controller. Parallel positioning control systems may be either
pneumatic, electrical, mechanical jackshaft, or a combination of the
above.

The parallel positioning system has the advantages of quick
response time and operating simplicity, but it does have some
shortcomings. Although the system as a whole operates in a
closed-loop mode, the control of the individual air and fuel
positioners is essentially open-loop. As mentioned earlier, open-loop

4-1
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4.2.1

control can lead to inconsistent performance. An example will
illustrate this: In a burner control system, if the steam header
pressure drops, the master pressure controller will send a signal
simultaneously to the combustion air damper and fuel valve
positioners. Fuel and air flow will be increased, and the header
pressure will be returned to normal. The feedback to the control
system is provided by the header pressure signal. No feedback is
provided by the air and fuel regulating devices. Thus, there is no
assurance that the fuel/air ratio is within the desired range, other
than the initial calibration of the system.

In spite of this drawback, parallel positioning systems have a
good operating history and are generai1y quite reliable. Individual
control components are fully adjustable, and minor corrections can be
made whenever necessary. If more precise control of fuel/air ratio is
desirable, this can be readily accomplished by adding oxygen trim (see
Section 4.5).

The operation of a parallel positioning system is virtually the
same, regardless of whether pneumatic, electric, or jackshaft
components are utilized. However, each will be discussed separately

for the sake of clarity.

Jackshaft System

A jackshaft control system is shown in Figure 4-2. With this
type of system, the individual control components are connected to a
Tong shaft which rotates through an angle of approximately 90° or so.
This shaft can be rotated either manually or automatically. In the
automatic mode, the shaft is rotated by means of a drive mechanism

4-2
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which is controlled by a master pressure controller. The jackshaft is
linked either directly or through a cam mechanism to the combustion
air damper and fuel valve positioner. As the shaft rotates, the fuel
and air flows are either increased or decreased in unison. The
purpose of the cam mechanism (see Figure 4-3) is to provide a means of
varying the air/fuel ratio at different boiler outputs.

The functioning of the adjustable cam shown in Figure 4-3 is as
follows: When the jackshaft is rotated, the roller follower on the
cam causes the damper drive shaft to also rotate. The amount of
damper drive shaft rotation that occurs is thus determined both by the
jackshaft rotation and by the cam profile. The fuel valve positioner
is linked directly to the jackshaft, so the air/fuel ratfo is directly
affected by the profile. Since the cam profile can be changed by
means of a series of adjustable set screws, the air/fuel ratio can be
calibrated for each boiler output.

The master pressure controller utilized with a jackshaft system
may be either electrically or pneumatically operated. It receives an
input signal from the steam pressure transmitter and produces an
output signal which is in turn transmitted to the jackshaft control
drive.

The output signal from the master pressure controller is usually
proportional to the input from the steam pressure transmitter, and,
depending upon the type of controller, integral and derivative control
functions may be included.

The jackshaft control drive may be either pneumatic, hydraulic,
or electric. Pneumatic drives are generally used on larger boilers
where greater driving force is required.
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A functional schematic diagram for a jackshaft parallel

positioning control system is shown in Figure 4-4,

Pneumatic Parallel Positioning System

The pneumatic parallel positioning system operates in a similar
fashion to the jackshaft system except that pneumatic control signals
are utilized in lieu of mechanical linkages. The steam pressure
controller transmits a pneumatic signal to the combustion air damper
and the fuel valve positioner instead of to a jackshaft control drive
(see Figure 4-5). Manual operation of the system is accomplished by
with a manual/auto control station, and the fuel to air ratio is
adjusted by means of air/fuel ratio controller.

The manual/auto station is located in the control loop "down
stream" of the master pressure controller. Thus, the output signal
from the master controller must pass through the manual/auto station
before it reaches the rest of the control system. The output signal
from the master controller can, therefore, be blocked and another
signal substituted in its place by putting the manual/auto station on
manual. This provides manual control of the boiler.

The air/fuel ratio controller is located downstream of the
manual/auto station, either just before the air damper positioner or
the fuel valve positioner. Since the output signal from the air/fuel
ratio controller is proportional to the input, a different control
signal reaches the fuel valve positioner than reaches the damper
drive. Furthermore, the output to input signal ratio for the air/fuel
ratio controller is fully adjustable, so the boiler air/fuel ratio can
be varied as necessary to ensure proper combustion.
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4.2.3

A functional schematic of a pneumatic parallel positioning

control system is shown in Figure 4-6.

Electric Parallel Positioning System

The operation of an electric parallel positioning system is
essentially the same as that of a pneumatic system (see Figure 4-7).
The main difference lies in the fact that electric current is used to
transmit control signals instead of compressed air. Most systems use
direct current (dc), but the operating voltage may vary depending upon
the manufacturer. Voltages in the 24 vdc or 115 vdc range are the
most common. The magnitude of the control signal is determined by the
current level. Control signal currents are generally in the 1 to 5 or
4 to 20 milliamp (ma) range.

A functional schematic diagram of an electric parallel
positioning system is shown in Figure 4-8. As can be seen from this
diagram, the electric system is virtually identical to the pneumatic
system. There may be some slight differences in the performance of
the individual components, but the overall functioning is the same.
The steam header pressure is converted to a control signal which is
transmitted in parallel to both the fuel and the air control devices.
Manual/auto stations are used to provide local manual control for a
particular device or subsystem, and a fuel/air ratio controller is
used to provide a different control signal to the damper drive than

the one transmitted to the fuel valve positioner.
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Series Positioning Control Systems

In a series positioning system, the control signal from the
master pressure controller is not sent to the fuel and air regulating
devices simultaneously as it is in a parallel system. Instead, the
signal is sent only to the fuel valve positioner or only to the damper
positioner. The displacement of this first reqgulating device is then
measured and used to transmit a control signal to the other
positioner. A typical series positioning system is shown in Figure
4-9,

By using the actual displacement of one regulating device to
control the other, the series positioning system provides an
additional margin of safety that is not available in a parallel
system. For example, if the damper positioner is the first control
device in the series, then the fuel flow cannot increase unless the
air damper actually opens. This prevents a hazardous condition from
occurring should the damper drive fail to operate properly.

Despite this advantage, series positioning systems are not
entirely foolproof. Just as is true of a parallel system, the control
of air and fuel flows is open-loop in a series system. There is no
feedback into the control loop which‘te11s the system what the actual
flows of air and fuel are. Feedback is provided by the steam header
pressure only. If the header pressure is at the set point and the
air/fuel ratio is nowhere near the desired value, the control system
takes no action to correct it. For this reason, it is often desirable
to have oxygen trim added to a series positioning system (see Section

4.5).
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Furthermore, with a series positioning system, there can be a
temporary upset in the air/fuel ratio during changing load. This can
be corrected by adding a cross-limiting function to the control loop.

This approach is discussed in detail in Section 4.6.

4.3.1 Pneumatic Series Positioning System

Functional schematic diagrams for two pneumatic series
Si positioning systems are shown in Figures 4-10 and 4-11. Figure 4-10
] is a "fuel-leading-air" system and Figure 4-11 is an
"air-leading-fuel" system. With the fuel-leading-air system, the
output signal from the master pressure controller goes only to the
fuel valve positioner. A transducer located at the valve positioner

then transmits a signal to the air damper positioner. The magnitude

of this signal is proportional to the amount that the fuel valve is

opened.

With the air-leading-fuel system, the operational sequence is

reversed from that stated above. The signal from the master pressure
controller goes only to the damper positioner, and a transducer at the
damper transmits a pressure signal to the valve positioner which is

proportional to damper displacement.

.

Manual/auto stations and fuel/air ratio controllers are used in

series positioning systems in the same manner as described earlier for

ae 02 A3 S0 S AEbaln o
] r R 4

parallel systems. A manual/auto station is located in the control

< Ve,
e Sl e

™

loop just downstream from the master pressure controller so that the
entire system may be placed on manual operation. A fuel/air ratio
controller is located in the control loop at the outlet of the damper

position transducer (air-leading-fuel system) or the outlet of the
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4.4

fuel valve position transducer (fuel-leading-air system). The
fuel/air ratio controller, by producing an output signal that is
proportional to the input, provides a means of varying the ratio of
damper opening to fuel valve opening.

Functional schematic diagrams for pneumatic series positioning
control systems are shown in Figures 4-12 and 4-13. Figure 4-12 is a

fuel-leading-air fuel system and 4-13 is air-leading-fuel.

Electric Series Positioning System

The electric series positioning system is functionally identical
to the pneumatic system. As with the pneumatic system, the electric
series positioning system may be either fuel-leading-air or
air-leading-fuel. Functional schematic diagrams of these two types of
series system are shown in Figures 4-14 and 4-15. For a description
of the operation of electric series positioning systems, one may refer

to the proceeding section on pneumatic systems.

Metering Control Systems

Metering control systems provide a level of precision that is not
available with positioning systems. However, this level of precision
does not come without additional cost and complexity, and metering
systems are generally not justified on small industrial boilers. A
brief overview of metering systems is given below for informational
purposes.

With a metering control system, the open-loop control of fuel and
air flows found with positioning systems is eliminated. Fuel and air
flows are measured, and feedback is provided to their respective

4-8
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o control devices. This is the same concept as was shown earlier in
:. Figure 3-2, the block diagram for closed-loop control. A metering
i? control system actually consists of several closed Toops. The steam
{: header pressure is measured and feedback is provided to the master
!i pressure controller to adjust the fuel and air flows. The fuel and
ilj air flows are measured and feedback is provided to their control
devices to ensure they are in accordance with the signal from the
l. master pressure controller.

Metering systems may use either the parallel or series control
scheme. A typical parallel metering system is shown in Figure 4-16.
éi The general mode of operation of these systems is similar to the

= corresponding positioning systems, except that a feedback loop is

provided for air flow and fuel flow.

4.5 Oxygen Trim

As discussed earlier under the sections describing series and
parallel positioning systems, there may be boiler operating conditions
during which the air/fuel ratio is unsuitable, and yet the control

system does not have the capability to take corrective action. This

may be caused by improper calibration, physical changes in the system,
and variations in fuel heating value. Many of these deficiencies can
be overcome by adding oxygen trim to the control system. Oxygen trim
provides feedback to the control system regarding the current air/fuel

ratio.

An oxygen trim system measures the excess oxygen in the
combustion products and adjusts the air flow accordingly to reduce the
excess oxygen to the minimum safe level. Oxygen trim systems are

4-9
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shown diagramatically in Figures 4-17 and 4-18. Figure 4-17 is a
parallel positioning system with oxygen trim, and Figure 4-18 is a
series system with oxygen trim.

The functioning of the oxygen trim system in either case is the
same. The desired fuel and air flows are initially determined by the
control signal from the master pressure controller. Since the master
pressure controller only receives feedback from the steam header
pressure, any signal from the master pressure controller is intended
only to increase or decrease the header pressure. At the same time,
the oxygen trim system measures the level of oxygen in the flue gas,
and makes minor adjustments to the damper positioner. If the
adjustment made by the oxygen trim system causes an increase or
decrease in the steam header pressure, then the master pressure
controller will again adjust the fuel and air flow together. Thus the
feedback provided by the oxygen trim system may affect the fuel flow
to the boiler (via the master pressure controller) even though it only
adjusts the air damper positioning directly.

There are numerous oxygen trim systems available, but the
operating principles of each are basically the same. An oxygen
sensing probe measures the percentage of oxygen in the flue gas and
transmits a control signal to an adjustable 1ink mechanism. The link
mechanism then alters the combustion air damper position. A typical
mechanism is shown in Figure 4-19. The trim linkage may be located
anywhere between the damper drive and the damper. The damper drive
moves in accordance with the signal from the master pressure

controller. The trim mechanism then by changing the effective length

4-10
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4.6

of the connecting linkage, either adds to or subtracts from the damper
drive displacement. An oxygen trim system using a so called "tory"
1ink on the damper positioner is shown in Figure 4-20. This system
changes the effective positioner displacement by adjusting the tory
link.
Oxygen trim systems are also available which use electronic

signals to perform the same function as the adjustable link mechanism.
With these electronic systems, a feedback signal is provided to the

damper positioner which alters its output.

Modern oxygen trim systems use a zirconium oxide probe which
directly measures oxygen level. Older systems use an aspirating
device which draws samples from the flue gas for analysis. These
aspirating-type systems are inherently slower in response and are thus

becoming obsolete.

Cross-Limiting Control

“Cross-limiting”" or "lead-lag" control is another common feature
which can be added to burner control systems to improve performance.
Cross-limiting requires that the air flow increase first on increasing
boiler load, and that the fuel flow decrease first on decreasing
boiler load. This is especially important during sudden changes in
boiler load. When a rapid change in load occurs, the boiler air/fuel
ratio may be considerably out of adjustment until the control system
stabilizes. As long as sufficient combustion air is admitted to the

furnace, this does not create more than a temporary period of

4-11




inefficient operation. However, if insufficient air is present, the
incomplete combustion that results can cause excessive smoking and
possible hazardous conditions within the furnace.

It is, therefore, desirable to provide either a mechanical or
electronic interlock in the control system that will not allow the
fuel valve to open unless the air damper opens first, and will not
allow the air damper to close unless the fuel valve closes first.
With more advanced control systems, this is accomplished by using an
auctioneering control device which receives feedback from the fuel and
air flow transmitters and provides remote set points for the fuel and
air flow controllers. This type of control system is generally not
found on small industrial boilers due to its cost and complexity.

A more simple means of providing the cross-limiting effect is to
install time delay units in the control loop upstream of the air
damper and fuel valve positioners. These units cause an increasing
signal to the fuel valve positioner to be delayed by a few seconds,

and a decreasing signal to the air damper positioner to be delayed by

a few seconds. Increasing signals to the air damper and decreasing

E;ﬁ signals to the fuel valve are not affected. This is represented
iﬁ graphically in Figure 4-21. This type of control does not actually
;i "Timit" the fuel flow with respect to air flow as occurs in a true
E:f cross-limiting system, but it does achieve essentially the same

;'i results.
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FEEDWATER CONTROL SYSTEMS

General

As stated in Section 2.3, the purpose of the feedwater control system
is to maintain the proper amount of water in the drum during all load
conditions. This task is complicated by the effects of drum swell or
shrink which occurs during load changes. Feedwater controls must take
into consideration the design of the boiler as well as the operating
conditions which are 1ikely to be experienced.

Feedwater control systems are generally classified by the number
of process variables which are used in the control loop. The
variables normally used are drum level, feedwater flow, steam flow,
and steam pressure. Single-element control uses one variable,
two-element uses two variables, and so on. A discussion of one-,

two-, and three-element control is given below.

Single-Element Feedwater Control

Single-element control is the simplest and most basic type of
feedwater control. Only one process variable, namely drum level, is
used as input to the control loop. A schematic diagram for
single-element feedwater control is given in Figure 5-1.

Although there are numerous single-element control systems
available, they all follow basically the same operating principle.
Drum level is measured and transferred or transmitted to a level
controller or regulator, which in turn manipulates the feedwater
valve. As the water level lowers, the valve is opened, and as the

water rises the valve closes.
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Many single-element feedwater controllers have proportional
j! actior only. This results in the characteristic offset experienced
with proportional control (see Section 3.5). In other words, the drum
level varies slightly as the boiler output varies. This is shown
ii . graphically in Figure 5-2. This is acceptable in some cases, but it
* is usually desirable to add an integral (or reset) function to the
control signal to reduce the offset.

Even with proportional plus reset control, single element control
systems can be somewhat unstable during sudden load changes. This is
due in large part to the effects of drum swell. Figure 5-3 shows the
response of a single-element feedwater control system with
proportional plus reset control. As load increases, swelling raises
the water level which causes the regulator to close the feedwater
valve. The reduction in feedwater flow tends to increase the steaming
rate. This produces additional swell and closes the feedwater valve
even further. Eventually the lowered feedwater flow gradually causes
the drum level to drop, and the feedwater valve then opens. The
increased feedwater flow causes a shrink, which opens the feedwater
valve even further. Finally, the rate of feedwater input exceeds the

steam flow output, which causes the water level to approach the set

' point and the valve again starts to close. Continuous cycling of this
Qf type during a lToad change is common with single-element feedwater
E; control, especially on fast steaming rate boilers.
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Two-Element Feedwater Control

When the boiler drum level cannot be properly maintained using
single-element control, a second process variable input may be added
to the control loop to improve the response of the system. This is
known as two-element control. (See Figure 5-5.) With a two-element
system, both drum level and steam flow are used to regulate the
feedwater flow into the drum. This is often necessary with boilers
that have fast steaming rates or small steam drums, or which
experience rapid load swings.

If the feedwater control valve could be relied upon to admit to
the drum only the precise amount of water required to replace the
steam flow, it would be necessary to only measure the steam flow, and
no drum level measurement would be required. This is not the case,
however, since the steam and water flows cannot be measured or
controlled that accurately. Furthermore, the feedwater flow to the
drum must also account for water lost during blowdown. Thus, the drum
level must also be included in the control loop.

With two-element control, steam flow rate is measured and
transmitted to a proportional positioning controller which compares
the flow rate to the desired set point. If any deviation exists, a
control signal is transmitted to the feedwater controller to increase
or decrease the feedwater flow. A secondary signal is also sent to
the feedwater controller from the drum level controller. In effect,
the drum level controller modifies the set point or control point of

the steam-feedwater system as necessary to correct for level changes
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resulting from unequal steam and feedwater flows. For example, when
the load increases, the steam flow transmitter and control system
respond to increase feedwater flow. This, in effect, anticipates the
change in water level. It also counteracts the tendency of the drum
level element to close the feedwater valve as swell occurs. Thus,
both the feedwater flow and the drum water level are quickly
stabilized, even if the change in load is rapid or large. A
two-element system provides sufficient reduction in the sensitivity of
the feedwater level controller so as to disregard the normal effects

of shrink or swell.

Three-Element Feedwater Control

When operating conditions are severe, the three-element control
system is by far the most reliable for maintaining drum level within
the desired 1imits. With three-element control, the feedwater flow is
measured in addition to steam flow (or pressure) and drum level (see
Figure 5-6). This provides a closed-control Toop in the system which
is not available with either one or two-element control. With both
one and two-element control, the feedwater valve positioning is
open-loop. Actual flow is not measured, and the feedback to the
control loop which corrects the valve positioning comes from drum
level only.

In a three-element control system, the feedwater flow is
measured, and a feedback signal is produced which adjusts the output

signal from the feedwater controller. This direct feedback insures




that the desired feedwater flow is quickly achieved despite variations
in water pressure or water temperature, changes in valve
characteristics, loose linkages, or other system deviations.

Three-element control reduces the sensitivity of the drum level
controller below that achievable with two-element systems, which makes
them virtually unaffected by drum level instability. Three-element
systems can also make effective use of proportional-plus-reset
functions in the feedwater controller, thus eliminating droop (or
offset). Figure 5-4 is a graphic representation of the response of a
three-element control system to a sudden change in boiler load. As
can be seen from this diagram, the feedwater flow is increased quickly
after load increase, even though the apparent drum level has increased
due to swell. The feedwater flow also quickly stabilizes despite
several fluctuations in drum level. The drum level returns to its
original position (with no offset) even though the boiler output has
increased.

Three element control systems are also available which measure
steam pressure (instead of flow), drum level, and feedwater flow.
Although this approach is somewhat less common, it, too, provides
precise control. The functioning of this type system is essentially
the same as that outlined above, the only difference being the fact

that steam header pressure instead of flow is monitored.
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5.5

Mechanical Feedwater Regulators

Mechanical feedwater regulators provide a complete control
system, from drum level sensing to feedwater valve positioning. They
generally provided single-element control, but two-element control
regulators are also available. In either case, the entire control
process is accomplished mechanically, and electronic or pneumatic
éontrol elements are not required.

Mechanical regulators have generally been replaced through the
years with electronic or pneumatic systems like those described
earlier. However, many of these regulators are still in existence and
some types are still being installed on small boilers today. Two of
the more common types of mechanical feedwater regulators are discussed
below.

A thermo-hydraulic, or generator-diaphragm type of feedwater
regulator is shown in Figure 5-7. This regulator uses the increase in
pressure caused by evaporating water within a confined space to
position the feedwater control valve.

The water is evaporated in a "generator" which consists of two
concentric tubes. As can be seen from Figure 5-7, the outer tube of
the generator is connected to the valve diaphragm chamber, which in
turn positions the feedwater valve. The diaphragm, connecting tubing,
and the outer tube of the generator filled with water. The water does
not circulate, and heat is radiated from it by fins located on the
generator. The inner tube is connected directly to the water column
and contains boiler water and steam. The water in the inner tube

remains at the same level as that in the drum.
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When the water in the drum is lowered, more of the inner
generator tube is filled with steam. Since heat is transferred faster
from steam to water than from water to water, extra heat is added to
the confined water in the outer generator tube. The radiating fin
surface is not sufficient to remove the heat as rapidly as it is
generated. The heat from the steam in that portion of the tube
vacated by the drop in water level thus causes the water in the outer
tube to flash into steam. This increases the pressure in the outer
tube which, in turn, causes the bellows in the valve positioner to
expand. This forces the valve to open and admit more water to the
drum. When the drum level is raised, the above process is reversed.

A thermostatic expansion tube regulator is shown in Figure 5-8.
This type of regulator uses the expansion and contraction of a
thermostatic tube to position the feedwater control valve.

As can be seen in the diagram, lowering the drum level causes more of the
thermostatic tube to be filled with steam. Since heat from the steam

is transferred to the tube faster than the heat can be radiated from

it, the tube expands. This causes displacement of the feedwater valve
linkage and the valve is opened. When the water level rises, the

process is reversed.
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FLAME SAFETY SYSTEMS

General

The purpose of the flame safety system is to prevent explosions
that can occur when: (1) a flame or other ignition source is
introduced into a furnace that contains air and fuel vapors in an
explosive mixture, (2) fuel is discharged into the furnace during
start-up without proper ignition taking place, (3) the burner flame is
extinguished during normal operation without the fuel supply being
shut off; or, (4) a major malfunction in the burner or feedwater
control system occurs. There are a number of control techniques
available, and the various manufacturer all have their own
preferences, but each flame safety system provides protection in the
areas outlined above.

In contrast to the sections covering burner and feedwater
controls, no attempt will be made here to identify all the control
components in the flame safety system. Instead, the basic functions
of the system will be examined during each of three operating modes:
start-up, normal operation, and shut-down will be discussed. The
reason for this approach is the fact that flame safety systems are
generally not discrete systems. Rather, they are a series of timers,
relays, limit switches, sensing devices, etc., which are integrated
into the burner control system to provide the necessary interlocks.

Although totally automatic systems are available, only
semi-automatic or "supervised manual" systems will be discussed here.
The more advanced systems are generally not found on small industrial

boilers and are, therefore, considered beyond the scope of this text.
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E 6.2 Start-Up
j Start-up from a cold condition presents perhaps the greatest

danger from explosion. It is essential that the furnace be purged of
; all combustible gases before any source of ignition is introduced, and
. that once fuel flow is initiated, ignition takes place quickly.

g The entire startup process may be controlled automatically, but
most small industrial boilers are started either manually or

f! semi-automatically. If a manual-only system is provided, few
interlocks may exist other than those which prevent lighting the

ignitor after the fuel valve to the main burner has been opened.

Semi-automatic systems provide a much greater level of protection
against improper operation and are obviously more complex. The
interlocks provided by a semi-automatic (supervised manual) flame
safety system during the start-up process are shown in Tables 6-1 and
6-2.

Purging of the furnace is generally accomplished using the
combustion air fan(s). A purging air timer is provided that will not
allow ignition until the fan(s) have been in operation for a specific
period of time. For watertube boilers the purge air flow must be at
least 70 percent of the air flow required at the maximum capacity of
the boiler, and the duration of the purge must be sufficient for at
least eight air changes to occur. (This is usually around 5 minutes).

For firetube boilers, the purge is conducted with wide open dampers,

and four air changes are normally required. In either case, air flow

PPy
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MPAALA

is verified by providing 1imit switches on the dampers and a pressure

switch at the fan discharge, or by providing air flow measurement

- devices such as differential pressure switches.
E 6-2
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i? Once fuel flow has been initiated to the ignitor or main burner,
ii flame verification is usally achieved by means of flame scanning

devices. These flame scanners may be either the infrared flicker type

or the ultraviolet type. (See Secticn 7.3.1).

Yy

Ty
pet o

R AN F AR




ﬂv-a.r-.,.w
AN

DA AR Ak oa ot
G .
LPIT Ol

P

At ADNLEC N
.. MO
BROR N SRR

TABLE 6-1

FLAME SAFETY SYSTEM
TYPICAL PREFIRING CYCLE

Operator Function

Check to see that fuel
shut-off valve is closed.

Start fan.

Where used, open atomizing
medium valve.

Open damper(s) to purge
position.

Start purge timer.

Place damper and fuel
control valve in light-off
position.

None

Flame Safety System Function

Verify fuel shut-off
valve is closed.

Verify fan is on.

Verify atomizing medium
supply is available.

Verify air pressure is
available and
damper(s) is open or
verify air flow.

Verify purge time has
elapsed.

Verify damper and fuel
control valve in
light-off position.

If light-off air flow is
less than purge air flow,
start light-off time
limit timer.

Verify spark and igniter
and main safety valve is
operable.




-----

TABLE 6-2

FLAME SAFETY SYSTEM
TYPICAL LIGHT-OFF CYCLE

Operator Function

Start igniter ignition
system.

Open fuel safety shutoff
valve to main burner.

Open manual fuel shutoff
valve.

Bring unit to preset
operating pressure at
acceptable rate

and switch to automatic
combustion control.

Flame Safety System Function

Verify igniter operation.
If air flow is less than
purge air flow rate,
igniter operation shall
be demonstrated

within 10 seconds.

None

Verify flame within 10
seconds for gas,

No. 2, and No. 4 oil, 15
seconds for No.

5 and No. 6 oil. Close
igniter safety

shutoff valve(s). For
gas igniter vent

gas piping between
shutoff valves.

None

L . X oo e




6.3

Normal Operation

The main safepy hazard during normal operation is loss of the
burner flame. This can result form a variety of causes, including
improper fuel pressure, interruption in fuel supply, contaminated fuel
(with water, sludge, etc.) boiler tube rupture or some malfunction of
the burner itself. If the burner controls are improperly calibrated,
the flame can be unstable due to improper air fuel ratio.

The flame safety system must, therefore, ensure that the fuel
supply to the burner is shut off immediately whenever the burner flame
is lost. This is accomplished using the same flame scanners that are
used for start-up. If more than one burner is provided, a flame
scanner is usually furnished for each burner. If the burner flame
goes out inadvertantly, the flame scanner immediately trips the fuel
safety shutoff valve.

The flame safety system must also have the ability to take the
boiler out of service if a major malfunction in the burner control
system or feedwater control system occurs. Therefore,
interconnections are usually provided between the flame safety system
and both the burner control and feedwater control systems. These
interconnections allow the flame safety system to trip the boiler
any time one of the following conditions occur:

Loss of burner control system power (electric, pneumatic, or
hydraulic)

. Loss of combustion air supply

Excessive steam pressure

Loss of atomizing medium (if required)

Very high or very low drum level
Improper fuel supply pressure

AN HLWN —
e o o o .
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If the boiler is furnished with sootblowers, interlocks are
i! normally provided so that sootblowing can only be performed when the
boiler is in service with a firing rate sufficient to avoid
extinguishing the burner flame. Sootblowing during shutdown or

startup is thus precluded.

6.4 Shutdown

The flame safety system is involved in both the normal boiler
shutdown and the emergency or safety shutdown. (The.normal shutdown
is one which is initiated by the boiler operator, whereas the
emergency shutdown is initiated by the flame safety system or by any
boiler trip signal.)

During a normal shutdown, the flame safety system verifies that
the fuel safety shutoff valve to the main burner is closed so that the
combustion air fan and atomizing system (if used) may be shut down.

In an emergency shutdown, the flame safety system will normally stop

the fuel supply to the main burner and the igniter (by tripping the

safety shutoff valves) and interrupt the spark to the igniter. If a

v

gas burner and/or igniter is used, the flame safety system will also

ACEED
B
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vent the piping between the fuel safety shutoff valves during an

ANt {

emergency shutdown.
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7.0
7.1
7.1.1

CONTROL SYSTEM COMPONENTS

Burner Controls

Manual/Auto Control Station

Function
The manual/auto control station allows the operator to isolate a
device or sub-system from automatic control and to operate that device

or sub-system manually from the control station.

Theory of Qperation

0 Pneumatic Systems

In the automatic mode of operation, the output signal from the
manual/auto control station is identical to the input signal. An
unrestricted passage is provided through the device so that the air
pressure at the outlet signal port is the same as the air pressure at the
inlet. In other words, the manual/auto control station has no effect on
the system when it is in the automatic mode.

In the manual mode of operation, the output signal is totally
indepdendent of the input signal. The input pressure signal is blocked by
means of a multiport valve, and the output pressure signal is controlled by
manually adjusting a pressure regulator. This regulator is fed from an
auxiliary air supply (from the instrument air compressor).

An important feature of the manual/auto control station is what is
called "bumpless transfer." That is, the ability to switch back and forth
from manual to auto without drastic or rapid changes in the output pressure
signal. Indicating gauges are provided on the control station, and the
valving arrangement is such that the output signal may be manually adjusted
to match the input signal before the transfer is made.

7-1
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0 Electronic Systems

The electronic manual/auto control stations operate in the same manner
as the pneumatic units, except that electronic circuitry is utilized
instead of mechanical comporents. The input signal can be duplicated as
output (auto mode), or the input signal can be blocked and an independent

output signal generated by the unit (manual mode).
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Bailey Babcock & Wilcox

Product Specification
E91-711

BAILEY 7000 M/A STATION

Type 11

Function

Provides a meuns of connecting a final control etement
either (0 an sutomatic signal. or 10 & manually adjustable
source of 4-20ma DC within the station. Transter to and irom
manual control 15 bunipless.

The sation may be equipped with an optional input
meter.

Application

The Type 711 ManuaiiAutomatuc Station is used
pnmanly where one controller actuates several final control
clements and it may be desirable 1o switch any element from
Jutomang to maaual control.

Description

The Type 711 Manual, Astomatic Station 1s provided with
an output meter with a4 scale calibrated 0-100 per cent. The
meter 15 equipped with a manually adjustable pointer on the
outside of tiie case. This memory pointer alluws the vperator
to mark the station output for normal operation.

Operation

When the staton manualautomatic switch 1s in the
automatic position the 1.3 volt :nput produces two output
swnais, 1-3 volts and 4-20ma DC.

When the M/A switch is 1n the manual posiion. the
staton output 1s derived from 1 pushbutton Jetuated manuai
power supply. Interchangeable caps vn the pushbuttons.
marked “Close™ 1ad “Open”. indicate the state of the {inal
control element corresponding to U and 1007 output. When
normal pressure is applied to a pushbutton. the station vutput
cnaiges at a rate that takes SO seconds for 100 per cent
cnange. 11 the button 1s pressed iurd Jgainst the stop, the
sutput chunge is 100 per cent tn ¥ seconds.

Normally. *he ieft pushbutton causes the manual output
to decreuse, however, the Jdirection or change can be reversed
~y repostiontng jumpers on the circut board.

There :s no hange 10 outout when the station s switciied
from automate to manual.

When t:e station s switched from manual to automatic
there 1s no immediate output change. [f, however, the manual
JutpuL s not the same 33 the sutomatic signai at the time of
transter. the station vutput will ramp to the proper vaiue at an
idiustaple rate or 0-30 seconds for 3 107 change.

M/A STATION

M
Ilzoc l‘n 50 80

1
1

FULL SIZE

FIGURE ! - Tvoe “11 M A Station

=

> ey Meter Company *97

FIGURE 71 BAILEY ELECTRONIC MANUAL/AUTO STATION
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2 . Product Specification
(| Baiiley Babcock & Wilcox Pg1-2

MIN/-LINE* 500 HAND/AUTOMATIC STATION

vhn

SERVICE
Provides all necessary indicas
tions and conteols for smooth, - -
“humpless™ hand automatic +," *

transier and complete remote
manual or automatic operation
of a pneumatic control system.

Application
For use as a single-loop or
multi-loop pneumatic control
system component or as an in-
dependent operating station re-
mote [rom central control loca.
tion.

¥

Cugn o a4 0 L0
M
. -

ro’+4zZOo0

Features
o 3mall size und compact group-
ing of all indicators and control
knobs provide maximum effi
~teney and Hexibility in layout
of controj stations.

£
[=]

o Pluzsin module design per-
mits removal of H A station
without disturhing piping since
3 all ronnections are made at
- manifold on rear of protective
. case which mounts directly to
panel.

A

- DMNMNZP» D

COTvTenny

w 4Z—0Q70V —M®»

® Reduces routine maintenance
through use of built-in air sup-

..
. c'
ply filters. N
-~

® 3hock and vibration resistant,

b

o Simplifies stocking of «pare v

parts since many of the compo- hY .

neat parts are common to other . P

_ Bailey equipment. .

- s
= FIGURE 1 — MINI-LINE 500 ——
o H/A Station, TYPE AJ. .
‘ FULL SIZE

*Reg. U.3. Par, ON.

T

,’,1 ‘W"t‘.’
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FIGURE 7-2 BAILEY PNEUMATIC MANUAL/AUTO STATION
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Product Specification

Bailey Babcock & Wilcox EQ1-712

BAILEY 7000 BIAS M/A STATION
Type 712

BIAS M/A STATION

Function

The Type 712 Bias Manual/Automatic Station accepts an
input signal and either adds to it. or subtracts from it a fixed
. amount up to 25% of the put span. After this addition or
! subtraction, the signal s passed on to the load it the stauon
- inanuai/automatic switch is in the automatic position.

. If the switch is on manual, the load is supplied with either
. 1-5 volts or 4-20ma from in independent supply within the

station, -
—3d

= Application =
Figure 2 illustrates a typical application of the Type 712 =

p-t Bias M/A Station. Header pressure is controlled by a pressure e
- controller, the output of which regulates flow of coal from -—12

i three pulverizers to a boiler. —
3 —

For the same control signal the pulverizers do not deliver
= the same guanuty of fuel to the combustion chamber. and if
the puivenizersdo not divide the load equally, they may cause
the vperation to dbe inetficient.

The bias stations make it possible to balance the
pulverizer outputs so that they respond equaily to the pressure
controller output.

Description

The Type "12 Bias Manual/ Automatic Station consists of
3 front panel on wlhich are mounted the bus setung
mechanism. meters. manual vperation pushbuttons and
two-position transter switch. The verncal metar 1s 2 [.5v
. volimeter scaled 0-1C0 representing percent of the :nput
¥ .- vanarie, The horizontal meter is scaied 0-100 represenung

- percent of the station output wiich may de erther 1.5 volt or
o . +-20ma.
.- The electromc 2iements. which ire 4 c¢ombination of

integrated circutts. amplitiers. and Jiscrete ompaonents. are
mounted un a single gluss epoxy lamnated circuit hoard.

The top and bottom of the controller are extruded
aluminum. and an easily removed cover plate on each side
completes the 2nciosure.

. FULL SIZE

A spring <atch on the top secures the station 1n its normal

position o the sheif Hut 1llows casy withdrawal, either FIGURE 1 - Tvoe 717 Bias Manuali Automatic Station.
compietely or halt-way, for :n-place calibraton. ot

3 FIGURE 7-3 BAILEY ELECTRONIC MANUAL/AUTO STATION WITH BIAS CONTROL




Hays-Republic

model C-04330
pneumatic control stations

© MANUAL or MANUAL-AUTOMATIC @ CONSOLE ORIENTED o

® BUMPLESS M/A TRANSFER @ MINIMUM PANEL SPACE @

operation
The Hays-Republic series of p tic control siati
are ovailable in seven variati for such appli

as: remote sel point manual-auto !ransfer of panel or
remotely located controliers; manual-auto stations for
spring set point or cascaded controilers; monitoring and
remote positioning of final drive devices; and stotions
for monitoring only.

The control stations feature a 3-inch dupiex scale indi-
coting the controlier variabie with either the tfinai control
or set point pressure. All controis and switches are readily
accessibie on the front of the compact panel. There is
no need for back-of-the-panei adj 5, or special
sefting procedures.

Basic elements for each s.otien include a hand loader
for quick set point adjustmaents whan the system s on
automaticc or loading a final control element during
manual operation. Manual-auto models contain transter
vaives providing positive, bumpiess m/a transier. Models
C-43301 and C-43304 include a position switch for set
noint loading pressure and controlled variobie syn-
chronization.

specifications
Moded . .. ........ ... . C.04330
Input/Qutput . . . . .. ... ... ........ Ito 15 pig
Indicator:
Acguracy . .. ... ... ... 21% of Range
Sensitivity . ... ..., ..., .. 21/2X of Range
Red Pointer . . ... ... ... ... ... .. Manual Loading
Black Pointer . . ... ......... 310 15 paig input
Air Supply . . ... . 18 to 20 psig
Staric Air Consumption . . . . ... ... ... ... 0.1 scim
Service Markings . . . .. ..... . ........ 25 Spoces
Panel Cutout. . .. .. ... . ... Lo 28 wx S h
Weight . ... ... ........ ....... 6 Pounds Net

FIGURE 7-4 HAYS-REPUBLIC ELECTRONIC MANUAL/AUTO STATION
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Hays-Republic

model C-85001
hand auto station

® SIMPLE RUGGED DESIGN o PRECISE MANUAL POWER UNIT POSITIONING e

¢ CONVENIENT FRONT ADJUSTED ZERO AND SPAN e

@D

application

The C-85001 Hand-Auto Station permits re-
mote or rear of panel mounting of 840 series
controllers while providing the necessary
manuai functions and position indication (op-
tional) to the operator. Mounting of 840 con-
trollers at locations other than the front of the
panel makes greater panel area available
for items which are necessary there. if de-
sirad, the C.85001 Hand-Auto Station may
be located on sloping paneis or bench beards,
a llocaﬂon not permissibie for the 840 con-
troller.

Controilers of the 8B40 series which may be
vsed with the C.85001 Hand-Auto Station in
this manner are C-84105 Sequence Draft Con-
troller, C.84106 and C.-84107 Draft Control-
Iorlsl and the C-84601 Electric Positioning Con-
troller.

construction

The C-85001 Hand-Auto Station incorporates
the conventional two-position hand-aute switch
with separate "open” and “close” push button
switches. Optional is an electrical indicator
showing the position of the power unit manip-
ulated by the 840 controller and the Hand-
Auto Station. A 500 ohm slidewire is required
on the power unil to operate the position
indicator. Energy for the position indicotor
circuit is supplied by a small stepdown trans-
former supplied as an integral part of the
Hand-Auto Station. indicator span adjustment
is accessibie from the front of the panel.

FIGURE 7.5

e e B Bkt

HAYS-REPUBLIC PNEUMATIC MANUAL/AUTO STATION
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7.1.2

Air/Fuel Ratio Relay

Function
The air/fuel ratio relay is a manual/auto control station that

provides an output signal which is proportional to the input signal in

the automatic mode.

Theory of Operation

0 Pneumatic Systems

A typical ratio relay station uses a "seesaw" type beam
arrangement to balance the output signal against the input signal.
The input pressure acts through a diaphragm to rotate the beam in one
direction, while the output pressure acts through a diaphragm to
rotate the beam in the opposite direction. The beam is connected to
the output pressure regulator valve such that movement of the beam
causes either an increase or decrease in the output signal. Air for
the output signal is furnished by a constant pressure air supply to
the regulator from the instrument air system.

The ratio relay station may be operated in either the automatic or
manual mode. In the automatic mode of operation, the output signal is

always directly proportional to the input signal. However, the ratio of

output to input pressure may be varied by a manual adjustment which changes

the location of the fulcrum under the balance beam.

7-3
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In the manual mode of operation, the output signal is totally
independent of the input signal. The input pressure signal is blocked by
means of a multiport valve, and the output signal is controlled by the same
;S manual adjustment which is usedlto vary the output pressure ratio during
automatic operation. In effect, a constant pressure signal is substituted
for the input pressure signals, and the operative of the device is
otherwise the same as for automatic operation.

As with standard manual/auto control station, the ratio relay station
must be capable of "bumpless" transfer. This is accomplished in
essentially the same manner as was described for the manual/auto

station. (See Section 7.1.1)

0 Electric Systems

The electronic air/fuel ratio relay functions in the same manner as
the pneumatic unit, except that electronic circuitry is used in lieu of
mechanical components. In the automatic mode, the output current signal
varies from the input signa! by fixed ratio which is determined by the
plant operator. In the manual mode of operation (if available) the input
signal is blocked and an output signal is generated by the relay unit.
With some systems, a pure manual function is not provided. However, the
output signal can be varied at any time by the plant operator by regulating

the bias adjustment.




;‘ Hays-Republic

2 model 845:01B
- fuel-air ratio controller

- APPLICATION  This type of controller has several
DN uses such as: Masintaining 1) a

: ratio of combustion air flow to
flow of fuel, :12) a proportioned flow of two gases.
and (3) an established differential of two pressures,
two drafts, a pressure and a draft. or one flow and
either & pressure or a draft.

OPERATION Figure 1 illustrates use of the con-
troller in proportioning one flow
to another, such as air flow to gas

. flow. The upper differential diaphragm unit is con-

S nected across a differential device torifice, venturi,

etc.) in a gas pipe or duct. The flow through this pipe

is ically or iy controlied by separate
mesns and the differential produced is the loading
force on the controller. The force is transmitted
through linkage to the lower differential diaphragm
which is connected across a ditferential installation in

e an air line. The air flow differential is thus balanced
-7 against the gas flow ditferential. When the air flow is
o not in correct proportion to gas flow. the diapheagm
moves and connecting linkage causes the armature of

i ® FAST, EFFICIENT ELECTRICAL CONTROL o
® UANUAL/AUTOMATIC CONTROL STATION

® LOW LOAD RATIO ADIUSTMENT ®

the pilot device to close the contact in one of the mere.
ury switches. This energizes the power unit to increase
or decrease the controlled air low until the correct
proportion of gas to air is established.

Model 845:04B is used to control forced draft fan
3

I T
i BB Mg, R, Wi

FIGURE 7.6 HAYS-REPUBLIC PNEUMATIC AIR/FUEL RATIO RELAY
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APPLICATION  49s:02

ha
The Model 895:02 Ratio Set Station is used 1o rotio one __ys R “Q‘, 7,
process varicble ro another process varioble. The versa- A

\y

N . . . § "%

tility of the ratio station allows it to be applied to many S < » Z
operations. In most applications the signal (1-5 mo dc) . =
from a transmitter is fed into the ratiostation. This instru= R e
ment reflects the desired ratio ond bias into its output . 5,:, S

. The 895:02 isdesignedprimarily, aithough not exclusively, ] &§
for usewith Hays Modeis 854 and 855 Universal Controliens. W

l-‘. A typical flow transmitter has a 1-5 ma d=¢ output repre=

. . senting 0=100% of the transmitter range. Asswuming range
of the transmitter to be 0 to 120 gpm, s 30 gpm flow will
te represented by a25% output signal from the traremitter.
If the ratio is set af unity, the output of the 895:02 Ratio

Set Sration will be 25% or 2 ma dec. However, if the
retio is set at two, the output will be 50% or J ma d-c.

Hlustrated below are twotypical applications of the Hays
895:02. In the first, for example, the ratio station is
controlling the set point of a Model 855 controiler. As
the rate of flow of the process varicble (PV)) increases,
the set point of the controiler isreadjusted so that the rara
of flow of PV, increases ina propartion determined by the
ratio dial setting.

Model 895:02 Ravie Set Station, current output, Verticel scafe
indicerer shows output of the Station in percent of rorel signel .

The medei 2324 TRANSMITTER onas @ rignal, (pro-
pertiensl 10 tha rare of PV1), theougn in

POWER SUPPLY © 1o the

[

195:02 RATIO STATION whase ewipwt is vied
1t puint re the

4 355 CONTROULER,

5 The232A TRANSMITTER museures the rete of Fiow eng

|
h |
4 | the cenrreiier in rum agiuen me
3 v .
o 4 CONTROL VALVE 1o mmimtain me desices flow rere.
— N )4

i The moan! 252A TRANSMITTER wnaaa tignei throueh
i

2 POWER SUPPLY * ta e

_# —_— o VT 3 3 395:02 RATIO STATION and e ¢ model
—
] — = - s 4 :'ss"counmm which meinreins & comtant rore
A 0w of FVy oy asjusting the
25 "y p—
—— - 3 CONTROL VALVE,
(a}!
3".‘.! 6 6 A wwcond rweel 835 CONTROLLER Lom @ waeet
! -
—-'ﬂ-__l 7 252A TRANSMITTER ond o
— ; 3 CONTROL VALVE o maintain the rate o PV proe
7_ portianal 10 e 1ignai fed from me rario srarion e
L reel of tor .
7: : s ® cascase cont "o controtier

* Power weply is uwally cenel mountes,

FIGURE 7-7 HAYS-REPUBLIC ELECTRONIC RATIO RELAY




Blailllely] Babcock & Wilcox

RATIO CONTROLLER

Automatically maintains a preset ratio between iwo vari-
ables. such as fuel and air. measured in terms of pressures,
drar'ts or differential pressures.

Features

¢ Maximum power at low pressures and dratts provided by
large-area diaphragm. Bellows used for pressures above 75

inches H50.

e Convenient external knob and vertical scale establish

operating ratio.

¢ Externally-visible gages show supply and control signai

pressures.

® Sensitivity is adjustable with direct or reverse action setting.

Product Specification

P61-1

SPECIFICATIONS TABLE |
FIGURE | - Ratio Controiler. TYPE AB41.
Input Pressure Range  See Tadle !l
MOOEL A: 3-27 osig.
Outpet Sigmal Range 00 5 315 pug.
VIODEL A: 30 psig recommended: 35 psi
Air Supply oeL 8 r‘naaxlm:m‘ 2 e
Requirements  WODEL 8: é‘al:::!;m .'ecommeﬁdod: 20 osig STANDARD TYPES TABLEH
Air Consumption 0.4 cu. it. per minute iaverages. For ranges up to 75"H20, diophrogm mechomim can meature draft,
pressure, ar differennal pressure; mcawnum stanc pressure: 10 psi. Fer
Saumvity Adjustment Range: 130 to I, direct or raverse action. ranges beyond 73°H20. betlews meawres pressurs oniy.
Slack figures ang divisions 30 aluminum : . :
Vertical Scale aacurou'r:: dercentage scale with :Q at Rear Measuring Unit| Front Measuring Unit
Sottom and zero at ‘oo L Range '-'"""'" Range u"'&"‘ e
Pragsure. °""{ or mfotsrenml oressure «ia- I pper l f
pnragm umth: Lz 0. copoer ‘ubing or * )
in. s?eel pioe tor up to 15 .. %s . ¢ 0 con.- g zg"H:O A:A: :;:
i Jer tuing or 3 n. steel owe ‘or yp ™ g St AB4
Recommended Piping 100 ft. Pressure Xblllm‘umn. by Cn 30 0 10"H-0 0 30 :,.': AB4117A
copper tuding or s 1n. stest oipe. Controi .
signal: neo0 conper, Juminum of gias- 0 400 psig AB4llEA
hie_uoing. 0 75"H.0  AB4124A
External Connections  See Figure 1. .. 0 10 psig  AB4I26A
3 : 0 "0 30 psig  AB4127A
Mounting  Surface ar oaner ‘see Figure 3., 0 400 psig  AB4128A
Weight  Net- 33 ds.. shiooing: 50 1bs. 0 50"H.0 0 400 psig  AB4138a
gnclonsuu: ms::d smlm . 0 75"H QO  AB4174A
haphragm- synthetic ru an nvion. .
Canstruction genlws"r:'ov ranges up to Jomwgl- msosi 0 30 psig g ;g :::: ::::;g:
eliows for ranges 200ve g 5
stainiess steel. . v Q 400 psig  AB4178A
Enclosure Classification  General purcose. 0 400 psig 0 400 psig  AB4188A
. Soviey Meter Compary, P68
FIGURE 7-8 BAILEY PNEUMATIC RATIO RELAY
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Product Specification

Bailley Babcock & Wilcox E9Q1-715

BAILEY 7000 RATIO STATION

Type 715 RATIO STATION

Function

The Type " 15 Ratio Station is used to multiply an input
signal by a1 manually adjusted factor to produce an output
signal that is at the set ratio to the input.

The output of the station can be used to adjust the
cascade set point of a controller. maintaining a deswred ratio
between two process variables.

Application

In ratio control. Figure 2, of a controlled variable (tlow
A) to an uncontrolled variable (flow B) the measurement
signal from tlow B is applied to the input of the ratio station.

The ratio station multiples this signal by an adjustable
factor, preset vn the set point scale. and transmits the output
as a set point (cascade input) signai to the {low controller.

The tlow controller conunuously regulates tlow A in
proportion to flow B at the ratio setting. The signals of both
tlows in the example have a squared relationship to flow rate.

If one was squared, i.e.. (differential pressure) and the
other linear (magnetic tlow meter), it would be necessary to
linearize the squared signal with 1 Type 750 Square Root
Extractor.

For applications where it 1s desirable to have the station
output biased so that the output will be above the minimum
11 volt or 4ma) even though the input is reduced to the
mimmum vaiue ot its range. the ratio stacion has a circuit
board adjustment that makes 1t ¢asy to bias the output 30 tt
never ralls below some desired value 10-30%) of output span
sven though the station input falls to zero percent.

Operation

The input meter indicates the nput 'n percent betore
ratioing. The signai then goes to the set point slidewire ind
gain amplifier which subtracts the 1.volt live zero and
muitiplies the remaining signal by the factor set on the set
point scale. An vutput bias is added to the ratioed signal,
avaiable at the station output as a 1.5 volt indior 4-20ma
signal.

Features

® Input and output meters for visual companson of ratio.

P P ; FULL SIZE
® High accuracy ratio set point on a Y-nch scaie.
®  Adjustable output bias. FIGURE 1 - Type 7[5 Ratio Station.
® Both 4-20ma and 1-5v output.
®  Wide or narrow ratio spans, linear or square root Optional Features
® Input-output test jacks. ® Indicating lights - operated trom e¢xrernal contacts.,
® DC to DC power supply solation. ®  [.Hertz filter - for exceptionally noisy processes.

D Bavev Meter Comoany 1974

FIGURE 7.9 BAILEY ELECTRONIC RATIO RELAY




-------
..........
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Master Pressure Controller

Function

The master pressure controller compares the steam header pressure
with the desired set point and produces an output signal which is a
function of the deviation (error) between the header pressure and the

set point.

Theory of Operation

0 Pneumatic Systems

The master pressure controller uses a lever and fulcrum arrangement to
balance output signal pressure against steam header pressure. (If a
pressure transmitter is included in the control system, the input to.the
master pressure controller will be a pneumatic signal. Some units can
utilize steam header pressure directly as the input signal.) The steam
header pressure acts, through a sealed bellows, to rotate the lever in one
direction, while the output pressure acts through a bellows to rotate the
Tever in the opposite direction. The lever is connected to the output
pressure regulator which in turn controls the output pressure signal.
Therefore, displacement of the lever causes either an increase or decrease
in the output pressure signal which tends to restore the lever back to its
original position. Air for the output pressure signal is furnished by a
constant pressure air supply to the controller from the instrument air

system.

7-5
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0 Electronic Systems

A typical electronic master pressure controller utilizes a
magnetic amplifier which sums the various input signals and determines
the magnitude of the error signal. This error signal is then
amplified and transmitted as an output signal.

A feedback loop is provided from the controller output back to
the input. The purpose of this feedback loop is to adjust the output
signal so that the most desirable response to a given error signal will
result. The feedback loop typically contains proportional, reset
(integral), and rate (derivative) funccions. The proportional function
provides an output that is directly proportional to the magnitude of the
error signal; the reset function provides an output that is proportional to
the integral of the error signal; and the rate function provides an
output that is proportional to the rate of change of the error signal.
By summing the input signal and the various feedback function signals
and comparing them to the set point, the master pressure controller
produces an output signal that tends to return the steam pressure to

the desired set point with a minimum of pressure swings.

7-6
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Hays-Republic

model 841:02B
master pressure controlier

o MANUAL/AUTOMATIC CONTROL STATION e FAST, EFFICIENT ELECTRICAL CONTROL
o ADJUSTABLE SET POINT ¢ METALLIC BELLOWS MEASURING ELEMENT ¢
o FOR PRESSURES T9 300 PSIG e

APPLICATION Model 341:028 Master Controller is

a primary controlling unit of the
Hays Electric Cumbustion Contiol Svstem. It responds
to change in steam pressure and adjusts the rate of
fuel or air supply accordingly in order to maintain
uniform steam pressure. It maintains a uniform pres.
sure over the entire range of boiler operation.  This
conteoiler is used with pressures to and including 300
-

OPERATION  Mudel 341:02B controller directly

regulates the rate of fuel and air
supply through an integrally mounted master motor.
This power unit is connected through linkage to the
fuel and air controllers. This power unit can also ad-
just sending potentivmeters for Iy d con.
trollers. See Figure 1.

A change in the steam headee pecssure 1due to an
increase or devrease in steam tlow 1 acts on the metallic
beilows causing contaet to be made i one of the mer-
cury swiiches. This energizes the mastee muotor which
loads other controllers throueh linkage or sending po-
tentiometers. Fuet and Vir Controllers then change the
fuel fluw and air flow 1o bring the steam pressure back
to the set point.

The foilow-up linkage shown is connected to the mas-
ter motor on the rear of the controller bv means of a
shaft. This ¢haft extends to the inside of the case and
is connected to the magnet bar. Movement of the lever
breaks the contact in the mercury switch. stopping the
power unit. No further change takes place until the
steam header pressure again varies.

One Master Controller of this tvpe and one power
unit can control the rate of fuel and air to several steam
ﬁ:n;:uou providing thev all deliver steam to the same

ader.

FIGURE 7.10

HAYS-REPUBLIC PNEUMATIC MASTER PRESSURE CONTROLLER
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7.2
7.2.1

Feedwater Controls

Feedwater Controller (Electric and Pneumatic)

Function
The feedwater controller regulates water flow to the steam drum
in accordance with (1) drum level, or, (2) drum level and steam flow

or pressure requirements.

Theory of Operation

0 Single-Element Controller

The single element feedwater controller has only one process variable
input signal, which is drum level. This signal may be provided by a level
transmitter, or if the controller is so equipped, from a level sensing
device integral to the controller. The controller then transmits an output
signal which is proportional to the deviation of the input signal from the
set point valve.

The controller may either electronic or pneumatic. The pneumatic
controllers operate in similar fashion to a pneumatic master pressure
controllers. The input signal is me;hanica]]y balanced against a beam
and/or spring mechanism. The force opposing the input signal is provided
by the existing output signal and the set point spring selected by the
operator. When the input signal force overcomes the set point force, the
resulting displacement of the beam or diaphragm causes an output signal
pressure control valve to open and increase the output pressure signal. If
the input signal is less than the set point, then the resulting
displacement opens a vent valve which bleeds air from the output signal

piping.

7-7
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Electronic feedwater controllers operate in a similar fashion to
pneumatic controllers except that electronic signals and circuitry are
used to compare the input signal to the set point signal, and an

output signal is generated which is proportional to the deviation.

0 Two-Element Controller

The two element controller uses two process variable input
signals to produce the desired output signal. One input signal is
provided from a steam flow transmitter and the other from a drum level
transmitter. The controller compares the steam flow rate signal with
%si the existing output signal (to the feedwater control valve) and
continuously drives the feedwater valve to a position that is directly

proportional to steam flow. At the same time, the controller compares

PPy

the drum level input signal with the set point value and produces an
output signal proportional to the deviation. This output signal is
L used to adjust the output signal to the feedwater control valve.
Two-element controllers may be either pneumatic or electronic.
The principles which govern their operation are very similar to the

principles governing single-element controllers.

o, o  Three-Element Controller
e Three-element feedwater controllers use three process variable
}é input signals to produce the desired output signal. Functionally they

are the same as two-element controllers, except that a feedback signal

from feedwater flow transmitter is included with drum level and steam

flow input signals. The drum level and steam flow inputs are used in




the same fashion as with a two-element controller to produce an output
signal to the feedwater control valve. The feedwater flow signal
provides metered control of the feedwater valve so that the flow will
match the value determined by the drum level and steam flow inputs.
Although three-element controllers provide precise control of
feedwater flow, they are seldom used on small industrial boilers
unless severe operating conditions exist. For most applications, the

additional cost and complexity cannot be justified.

7-9
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Hays-Republic

model C-00856
feedwater controller systems

* SOLID STATE TWO-ELEMENT CONTROL
= RAPID RESPONSE

» INTEGRAL MANUAL CONTROL

« FRONT ADJUSTMENTS

= VALVE POSITION INDICATOR

¢ VALVE DIRECTION INDICATING LIGHTS
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FIGURE 7-11 HAYS-REPUBLIC ELECTRONIC FEEDWATER CONTROLLER




Mechanical Feedwater Regulator

Function
The function of a mechanical feedwater regulator is to
automatically control the flow of feedwater into the boiler drum in

order to maintain the appropriate drum water level.

Theory of Operation

Numerous types of mechanical feedwater regulators are available.
Two of the most common are the thermostatic expansion tube type and
the thermo-hydraulic type. The thermo-hydraulic type uses the
expansion of a 1iquid in an enclosed space to position the feedwater
valve. The amount of expansion which takes place is dependent upon
the drum level. The expansion tube type uses the expansion and
contraction of a metal tube filled drum water to position the
feedwater valve via a mechanical linkage. The operational theory of

each of these devices is discussed in detail in Section 5.5.

7-10
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Product Specification

Bailey Control Systems M85.1

THERMO-HYDRAULIC FEEDWATER REGULATOR

Provides a simple and effective means of controll.
ing boiler feedwater. For boil perating at rates
of st libersti der 1500 cu. ft. per hr. per
sq. ft. of liberating area at the water level is the
drum. For higher rates of evaporation, comsuilt Sales
Department. Bailey Meter Company. for specific feed-
water cantrol recommendations.

Features

@ Ouily twe bdlnmnq-id(;mnm
GENERATOR mounts with standard serewed or {langed commections.
@ Ne counccting linksge seeded. Flexible copper
tubing is oaly commection betwesn gonerator and

regulating valve. so regulating valve can be remotely
mounted. No structural or piping chamges necessary.

FIGURE | « Therme-Hydraviic Foods Reguister, TYPE VENIL.
Prossure tight, elil-metal system conteins water fer oparctien, needs
ne enternel power.

ACTUATOR
@ Easily operated, pesitive bypass standard. Regu-
lating valve imcludes bypsss lever as standard
equipment.

© Balasced valve trim minimises friction and vibra-
tien. Forces of the incoming feedwater tend to bal-
snce themselves against the two dises.

© Uniform flow contrel agsured. Straight.-line flow
characteristic of vaive assures uniform flow comtrol
over entire operating ramge.

@ Ne pipiag changes required. Regulating vaive can
be installed above or below boiler water level in
horisontal or vertical feedlime. Standard flanged and
screwed coamnections available.

@ Servieing simplified. Valve trim can be removed
without removing valve body from line or topwork
from vaive.

CNONONOI
RN AN

FIGURE 7-12 BAILEY THERMO-HYDRAULIC FEEDWATER REGULATOR
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FIGURE 7-13

COPES-VULCAN THERMOSTATIC EXPANSION TUBE FEEDWATER REGULATOR
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7.2.3

Drum Level Transmitter

Function
The function of the drum level transmitter is to measure the drum
water level and transmit an output control signal which varies in

accordance with the level.

Theory of Operation

Drum level transmitters are generally either the float type or
the differential pressure type. Either type may be used to transmit a
pneumatic signal or an electronic signal.

Float type level transmitters measure liquid level with a float
mechanism that rests on the surface of the liquid in an enclosed
chamber. This chamber is located along side the drum and has oiping
connections to the drum above and below the water level. The water
level in the chamber therefore is the same as the water level in the
drum.

The float is connected either to a pneumatic control valve
mechanism or electronic signal amplifier which in turn generates the
output signal. In either case, the displacement of the float
determines the magnitude of the output signal.

Differential pressure type transmitters determine drum water
level by the measuring difference in pressure between the steam in the
space above the water surface and a reference point below the surface.

Thus the higher the water level, the greater the differential

7-11
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pressure. This differential pressure is used to create a linear
displacement of a bellows (or other expanding chamber device) by

increasing or decreasing the pressure inside the bellows with respect

LRI = DINERIEE R ¥ AR

to the outside. This linear displacement is in turn converted into a

--aw
LR A AN ]

pneumatic or electronic control signal in the same manner as the float

[ ]

type transmitter.
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Bailey Babcock&Wiicox

MINI-LINE* LEVEL TRANSMITTERS

Transmit measurements of liquid level in pressure
vessels to indicating. recording, and. ar controlling
equipment at remote stations. Transmicter directly
indicates level. Available for use in electrie or pneu-
matic transmission or control systems.

APPLICATION

For the measurement of boiler drum level or liquid
level in pressure vessels over standael range spans
from 12 in. Ha0 to 400 in. Ha0) at maximum service
pressures to 800, 1500, and 3500 psig. See Figures 1.
2, and 3. See Prodduct Specification P31.6 for MIN].
LINE Level Transmitters utilizing torque tube
meusuring mechanism. TYPE LDi3.

FEATURES

Indicates Level at Point of Measurement. Pro.
vides a quick check of system performance and per-
mits checking transmitting system without affecting
measuring mechunism.

ion Costs. Cuts instailation

costs by minimizing leagth of high peressure piping
required.

Promotes Sabety. Dutput signal is carried to con-
trol room in place of high pressure piping.

Simplifies Stocking of Spare Parts. Fewer spures
required since components and parts are common to
other Bailey equipment. .

Calibration Unoffected by Case Mounting. Trans-
mitter mechanism is securely attached to measuring
mechanism. Case sevves as enciosure only.

Product Specification
G31-4

FIGURE 1 —Mercury U-tube measur-
ing hani for dard level
range spans from 15 in. H:O to 400
in. H10. MINI-LINE Level Transmitter:
TYPE LU12 for electric transmission;
TYPE LU13 for pneumatic fransmis-
sion.

“Regq. U.S, Pot. OF.

FIGURE 2--Rellows measuring mech-
onism for standard level range
spans frem 12 in. H,O te 211 in.
H:0. MINLUNE Level Transmitter:
TYPE LR12 for electric transmission;
TYPE LR13 fer pneumatic trans-
mission.

FIGURE 3—Mercury-sealed beil

ing mechanism for standerd
level range spans from 12 in. M0
te 70 in. H1O. MINI-UNE Level Trans-
mitter: TYPE LH12 for electric trans-
mission; TYPE LH1J for pneumatic
transmission.

FIGURE 7-14 BAILEY LEVEL TRANSMITTERS
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;5 7.2.4 Flow Transmitter
Function
A Flow transmitter measures steam or feedwater flow and transmit

I‘ . a control signal which varies with flow.

Theory of Operation

!. A variety of different flow measuring devices are available, but
most of those furnished with small industrial boiler systems are the

differential pressure type. These transmitters measure the pressure

drop of the flowing fluid across an orifice, flow nozzle, or other
such restriction-type flow element in the fluid pipe line. The
difference in pressure upstream and downstream of the flow element is
then used to create a linear displacement of a bellows, bourdon tube,
or other similar device. The bellows or bourdon tube is connected to
a pneumatic control valve mechanism or to an electronic signal

amplifier which produces an output signal based on displacement.

One of the drawbacks of differential pressure type flow
3: transmitters is that the output signal varies linearly with the
:q differential pressure and not with flow. This is inherent in the
Ei design of the device, since pressure drop through an orifice varies as
;E the square of the flow. (Conversely, the flow varies as the square
Ei root of the pressure drop.) Therefore, it is often necessary to add
E an additional control component known as a "square root extractor" to
é
{
o 7-14
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the system. This device produces an output signal which has a
magnitude equal to the square root of the input. The output signal
from the square root extractor thus varies linearly with the measured

fluid flow.
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Baliley| Babcock & Wilcox

Product Specification
G22-8

MINI-LINE* FLOW TRANSMITTERS

Transmit rate of flow ts to indicat-

ing. cecording, integrating. and/or coutroiling
equipment at remote locations. Transmitter direct-
ly indicates rate of flow on a umlormlwgnduned
scale. Available for use in electric or pneumatic
tranamission or control systems.

APPLICATION

For rate of flow measurcments of steam, water
and other liquids, air. and zases which produce
standard differentials across primary elemeats from
0.2 in. H,O to 0.212 in. H.0 at maximum service

ressures to 30. 300, 800. 3300, and 6000 psig. See

igures 1. 2, 3, and 4.
FEATURES

Indicates Flow at Point of Measurement,
Provides a quick check of system performance
and permits cheekmg transmitting system without
affecting measuring mechanism.

measure

NQUII l—l.m.o ool-u.hd bell with parebelic dis.
for standard ranges
of 0-2in. 1,0 uN in. H;0. Used for measuremen
of air or gas flow. Bailey MINI-LINE Flew Transmit.
ters: TYPE CG12 for eleciric trensmission; TYPR
CG13 for pneumatic transmissien.

e

c e

FIGURE 1—Mercury-sealed bell with parabelic dis-

Transmits a Signal Directly Proportional to
Rate of Flow. Uses recciver with uniformly-
zraduated chart or scale. Eliminates the need for
square root extractors or characterizers.

Decreases Installation Costs. Cuts installa-
tion costs by minimizing length of high pressure
piping required.

Promotes Safety. Dutput signal is carried to
control room in place of high pressure piping.

Simplifies Sfockmg of Spare Parts. Fewer
ired since comp parts are common
!o other gll]c\' equlpmen!.

Calibration Unaffected by Case Mounting.
Transmitter mechanism is securely attached to
m:lunnng mec! m. Case serves as enclosure
only.

FIGURE 2—Qil-sealed bell with parabelic dispiacer
measuring mechanism for standavd range of 0-8
in. ;0. Used for measurement of air or gas flow.
Bailey MINI-LINE Flow Transmitters: TYPE CA12 for
electric trensmission; TYPE CAI3 for pneumetic

i

e 1Y

placer mumn' mechanism for stendard
of 0-13.25 in. H,0 fer steem and liquids and o-14. 3
in. H:Q fer gases. Beiley MINI-LINE Flew Transmit-
ters: TYPE CH12 for electric tronsmission; TYPE CH1
for pneumatic transmissien.

* Reg. U.S. Per. OH.

FlGUII 4—led bell hanism for
ges from 0-53 in. H.O to 0-212 in.
H,0. Uud fo' of gas, st or liquid

flow. Bailey MINI-LINE Flow Transmitters: TYPE
CC12 for electric transmission; TYPE CC13 for pnev-
matic fransmission.

FIGURE 7-15 BAILEY FLOW TRANSMITTERS
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Babcock & Wilcox | Product Specification

P22.3

FLOW TRANSMITTER
Pneumatic Square Root Extractor

Extracts the squure root of ilifferential pressure mea-
sureqients to produce a pneumatic signal proportional to
rate of fHow: tr its to indicating, recording. intezrat.
ing, and. or controlling cquipment at remote suti.om.

Aoelicati
For the ement and tr ission of rate of flow
of liquids and gases producing standacd differencial

pressure ranges from (150 to -1200 in. H:0 under ser-
vice pressures to I paiy.

Features
FIGURE 1—-Bellows flow transmitter for 1500 and
¢ FLEXIBLE IN APPLICATION. Wide choice of dif- 3500 psig service pressures, TYPE CRIGCA.
ferentiul pressure ranges from 0-30 to 0-1200 in. H.O. Used where quick is required and where

no mercury is nmm;od
® HIGH SENSITIVITY AND LARGE CAPACITY.
Sensitive vane, nozsle, and booster assembly provide
response and capucity necessary for fast, accurate trans-
Imission.

o FULL CONTROL RANGEABILITY. By extracting
the square root function, the Bailey Flow Transmitter
sives full control rangcubility to differential pressure
measuring instruments.

o FLOW INDICATION AT TRANSMITTER. Quick
check of transmitter performance provided by indica-
tion at point of tr ission of | ic signal cor-
responding to rate of flow.

o SIMPLIFIES STOCKING OF SPARE PARTS. Fewer
pure parts rerquired since component parts are common
to othee Bailey Transmitters.

&

3 Quotation/Ordering Information
L '.
- . For a «quotation and shipping date or to place an
:- - order. please supply the following data:
t_;} TP (see Table )
or Application:
- Rang M0 FIGURE 2—-Mercury U-Tube flow transmitter for
. Servies P paig 800, 3500, and 6000 psig service pressures, TYPE
- . CUI6"TA. Used on applications where there are
MODEL: — B (3-15 psig Transmitter Range); puisations in pressure linertia of the mercury
— A (3:27 psig Transmitter Range). dampens surges in pressurel.

S POt

FIGURE 7-16 BAILEY FLOW TRANSMITTERS WITH SQUARE ROOT EXTRACTION
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Biley| Babcock & Wilcox | Product Spectfigaztizgg

. SQUARE ROOT CONVERTER

Extracts the square root of nonlinear pneumatic
signals from flow differential pressure transmitters:
produces a pneumatic signal directly proportional
to rate of flow.

Application
For converting nonlinear pneumatic flow signals
to linear p ic output signals for indicating,

recording, and/or control purposes.

Features

o ADDS CONTROL RANGEABILITY. By ex-
tracting square root function. the Bailey Square
Root Converter gives full control rangeability to
diff ial p tr i :

¢ PROVIDES FLOW INDICATION. Quick
check of transmitter performance provided by in-
dication of pneumatic output signal corresponding
to rate of flow.

® FLEXIBLE APPLICATION. Receives pneu-
raatic signals over 3-15 or 3-27 psig ranges; trane
mits pneumatic signals over 3-15 or 3-27 peig. Any
combination permissible.

o HIGH SENSITIVITY AND LARGE CAPAC.
ITY. Sensiti le, and

. vane, b assembly FIGURE 1 -The Bailey Square Reet Converter, TYPE
provides resp and capacity y for fast, KC1610A.
accurate transmission.
SPECIFICATIONS TABLE |
Tronsmitted signal is factory calibrated to Ya inch 0B copper or aiuminem of wall thick-
ACCHICY®  be actarste wikis %% of sighel thon b Recommended Tobing 0.0 028 ta 0.032 inehes.
twoan 20% and 108% of tiow.
Aum-mzl » i )
Transmitting Oistance  recorders: fost to contratiers; limits Sachground: calibeated from 0-108%: 10
¥ divsions. 20 mimer divisiens;
tisns depond o8 TeRuired System respenss. ndicating Scale wntnnunutp

il

1§ gsig for 315 paig trasemitter
Nir Sappty 33 358 1 370 Ten amemiter g,
o Eaciesars DSt semioun base mih sressed stae

Nie Consumption (‘l‘n';:”u:m.: 818 :?-hm"::n': cover; Peariest gray Mahed-enamet finish.
. Mosating Serface or pasel with same mownting
With 18 puig o 39 psig supply ond ot k- bractat.
Presmatic Capacity ?:';m reacaities e et Weight  Net— 13 I Shigping — 25 I,

External Comnoctions % iech-27 NPT famaie. *As defined by SAMA Standard PMC20.

I8ailey Meter Company 1956

FIGURE 7-17 BAILEY PNEUMATIC SQUARE ROOT EXTRACTOR
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;}1 7.3 Flame Safety Systems
zi 7.3.1 Flame Scanner
;.

f Function

The function of a flame scanner is to determine if a burner or

igniter flame is present.

Theory of Operation

Flame scanners are available which detect either infrared or
ultraviolet radiation, but the ultraviolet (UV) detectors are by far
the m2st common. UV scanners generally use a silicon detector which

is sensitive to the ultraviolet light which is given off during the

combustion process. Infrared or "flicker" scanners measure the

fluctuations that occur in infrared radiation during the normal

combustion process to determine if a flame is present.

Most flame scanners are equipped with a self-checking feature
which verifies they are operating properly. A shutter is usually
provided which temporarily blocks the scanner's view of the furnace.
If a "flame-off" signal is not received during this period, the

scanner is determined to be defective.
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| INSTRUCTIONS c7012A

Minneapolis - Honeywell
Regulator Company

MUNGAPOUS 8, MNNESOTA - TORONTO 17, ONTARIO

GENERAL DESCRIPTION e

The C7012A is aa ultraviolst-seasitive flame de-
tector desigaed for use with rectification-type flame
ssfeguards,

FEATURES

ALL=FLAME, ALL-BURNER APPLICATION
The CT0

ULTRAVIOLET SENSITIVE ONLY
The CT013A detects caly ultraviolet radiation. It
s not actuated by the radiatios of & hot refractory.

RAPID FLAME RESPONSE

The {lame response time of the CTO12A is less than
0.1 of a second. The system response time depends
on theflame safeguard relay with which the CTO12A is

INTEGRAL HEAT BLOCK

SASY MOUNTING AND REMOVAL

Combinsation adaptor permits simple, easy re-
moval of the detector. In addition, the case can be
rotated 360° on the adaptor.

SPECIFICATIONS

ULTRA-VISION*
FLAME DETECTOR

DUST-TIONT, ANODIZED ALUMINUM COVER
Cover keeps parts clesa and 1S resistant to most
atmospheres.

COVER INTERLOCK SWITCH
Switch tarua off power 1o the detector vham e
cover {8 removed, makiag the dstector inoperative.

LEADWIRE CONNECTIONS
A four-foot leagth of armored cable ts factory is-
stalled. If necessary, additional length cam be added

HIGHLY ADAPTABLE

This detector requires 00 unusual iastallstion
procedures. The C7012A can be readily substituted
for the flame detector in existing rectification-type
systems. It can also be used in comjumction with a
rectification-type flame safeguard to corvert a flame
flicksr system.

MODEL: C7T012A Ultra~Vision Flame Detector.
ELECTRICAL RATING® 120, 208, or 240 volts;
50/60 cycles.

APPROVAL BODIES: The CT012A s approved by FM
(Pactory Mutual) and ilsted by UL (Underwriters
Laboratories).

MOUNTING MEANS: Combination Seal-off and heat-
block adaptor threaded to it 3/4" pipe.

*Trademark
February 25, 1980
J&:n«lu eariier issue

MAXIMUM POWER CONSUMPTION: 10 watts.

CONNECTION MEANS: Four-foot length of four-wire
armored cable compiets with comnector.

TEMPERATURE RATINGS:
Alr surrounding case (ambient), SOF to 133F.

USE WITE: RA190, R4TSA, R48SA, RASSOC, R7023,
or W124; 1 to 4 second (lame response models oaly.

wre—— 95-2776

FIGURE 7-18 HONEYWELL UV FLAME DETECTOR




Product Specification

Bailey Control Systems E66-7

FLAMON?® Flame Detector, Type UF
(Flicker or Flicker and Ultraviolet Sensor)

uv sureLY
TRANSFORMER SOLENOID

FIGURE | - FLAMON sensor. Flicker or combination Ultrevioies (UV) and Flicker designs are evailable.

Monitors fuel-burning equipment and provides alerm,indi- @ To maximize life, electronic circuitry is contained in the
cation, and/oc control of the (uel when used with auxiliary Receiver module(s) mounted remote from the burner ares
equipment. (Figure 2).

®  Test jacks accessible on module face.

@ A shutter for self-chacking of the Flame Detector is avail-

FEATURES able 23 an option on UF4, standard on UFS.

® Only low wvoitage is transmitted to ths bumner front

® Raesponds only to the flame under surveillsnce when (25 V ac and 40 V dc maximum).
properly instailed.

®  Reflector tube and vane permit flamesighting angies up

® LED indicates flama status. to 40° from the mounting axis.
Bailey.Controls

Form CEB8-7C Litho in US.A. 1080 @ 1980 McDermort Incorporaced Babcocks , 3 McDermon comoany

FIGURE 7-19 BAILEY COMBINATION UV AND FLICKER FLAME DETECTOR
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Bailey Control Systems Product Sp“”‘;agg’g

FLAMON* Detector
. Type UF1101C Series 15

Detects the presence of a flame and signais its presence by
changing the intemal relay contact status.

APPLICATION

b

FIGURE | = Basic FLAMON Dezector for monito.ing fuei
FEATURES burning equipmens.

Monitors fuel burning equipment using gas, oil. or cyclone
coal firing. Provides services for alarm, indication, and/or
control of the tuel when used in conjunction with the neces.
sary auxiliaries. Used only as an alarm device uniess combined
with Beiley Burner Management System.

® Relisble detection: designed to respond only to flame
under surveillance. not to adjacent flames or infrared
radiation from glowing refractories when properly in-
stalled.

® Easse of maintemamce accomplished by gquick disconnect
flange mounting.

®  Simplified field installation and wiring provided by
terminal block within detector.

® High refiability and minimum maintenance assured by

-
AJ029781

simple passive circuitry.
8
AVAILABLE TYPES TABLE | FIGURE 2 ~ Diagram of rigid extension head adoprer.
STANDARD TVYPES
Agprozimes
Extonsion Weight - 10 (kg)
Flame Heed
Oewmstor Langtn Net Shigping
UF1100 | Sesic 4-13/16% (122 mm) 95 143) 13(89)
ur10? 127 1308 mm) 13518.3) 17121
OPTIONAL TYPESY
UF1110 Besic 4-13/18" (122 mm) 9840) 13890
ust1e 12" (308 mvm) 1386.1 1700
ur11°2 18 (487 mm) 188(7.0) 19 (38)
us11°3 24" (610 mm) 178079 21 (9.8} -
UE1T1°9 | 60" 1182¢ mmi 295113.4) 13 (180} AS217
) ) FIGURE 3 « FLAMON Desecsor, Type UF1ICI. Covers
'm‘f"" exere for il y removed 10 show insegral terminal block. and circuit com-
*Add 0" (60 M2} or “1" (S0 Hz} to designate siectricsl Tupdiv. ponenss.
*Aeg. US. Par. Ottice Bailey Controls Company
Form CES8-2€ Litho in US.A. 780 D Buiey Controis Compeny 1960 Babeack & Wileox. 2 McDer=on Comoany

FIGURE 7-20 BAILEY UV FLAME DETECTOR
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FP-2 SYSTEM

Flame Safeguard and programming con-
trols for AUTOMATIC Industrial sizes ot oil,
gas or combination fuel burners, using
INFRARED flame detection.

ey

Infrered Scanners

DESCRIPTION:

Fireye Systems FP-2 consist of a Type 26RJS
Programming Control and a Type 48PT! Scanner
witich uses the “Firetron’ ceil to visuaily supervise
both oil and gas flames. In conjunction with
operating, - limit and interlock devices, they
automaticaily program each starting, operating, anc
shutdown period, providing ignition and flame
failure protection for industrial and commercial oil,
gas or combination oil/gas burners.

FP-2 systems incorporate s ssfety checking
circuit that is effective on every start. Any condition
which will cause the flame reley to hold in during the
checking period will stop the program before any
ignition circuits are energized and if sustained, wiil
result in safety lockout; except MODEL 8080 which
will go to safety shutdown it flame relay is
momentarily energized.

The Type 26RJ8 Contrel programs the
operation of biower and/or burner motor. ignition
system, fuel vaive, and moduiator system in a proper
sequence which includes suitable purge periods

before ignition and after burner shutdown,
returning them to the starting position prior to
lightotf and to automatic control after the main
flame is established and proven. Also featured is a
selectable trial for ignition of the main flame which
is restriCted to a safe short interval. An interiock
circuit is provided for air flow switches, fuel
pressure switches, etc.

Additionaily, the control is designed to
de-energize all fuel vaives within g short safe interval
following flame failure. The control recycies each
time the operating or limit contro! cioses, or after a
power failure, but locks out and must be reset
manuaily following flame failure. An alarm circuit
actuates audibie or visual alarms following a safety
lockout.

Additional features available on specific models
include proot of fuel vaive ciosure. proot of open
damper during purge, non-recyciing limit and air
fiow interiocks and spark cut-off prior 10 energizing
the main fuel vaive.

FP-2 SYSTEM MODEL LISTING

APPROV- OMEN TR TR

Togaonse | sussy | semeumar | ams Oampgn | aecvClt | FeAT | mor | vam | s | woouiaron | wer
MOORL | voLTAGE (480 1 L 346 | 386 | se0 [curoes|  acriow L
008 120.208300 38 ™) JERIKEY 0| 5% L0-AUTO cPss
[0 120.200.260 ) [ . L 1-a 19 *4.30 LO-#-L0 - AUTO | CPYY
w0 20 » 2 R 0 | e Lo-AuTO con
) » ) e | [ 7 | was | 2 |omio-amo| o
wm ) » i x 1.8 v | a3 Wm0 -auto | crm

ey 2 - canm x | 1.e w0 o183 LOMI40-AUTO| c20

M8 fusl vaie e,

For further details see builetin C-30.

FIGURE 7-21 FIREYE INFRARED DETECTOR SYSTEM
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UVP-2 SYSTEM

Fiame Safeguard and programming con-
trol for AUTOMATIC industnal sizes of oil,
gas or combination fuei burners. using
ULTRAVIOLET flame detection.

-
-
gl

—
- s -
N % %~
- A el

A

45UV2-1020
Ultravielet

DESCRIPTION:

Firgye System UVP-2 consists of a Type 25AUS
Programming Control and a Type 45UV2 Scanner
which uses an uitra-vioiet detection tube to visuaily
supervise both oil and gas flamea. In conjunction
with operating, limit and interfock devices, they
automatically program each starting, operating, and
shutdown period, providing ignition and flame
failure protection for industrial and commercial oil,
gas or combination oil/gas burners.

UVP-2 system incorporates a safety checking
circuit that is effective on every start. Any condition
which will cause the flame relay to hoid in during the
checking period will stop the program before any
ignition circuits are energized and will result in
safety shutdown.

The Type 25RUS Control programs the operation
of biower and/or burner motor, ignition system. fuel
vaive, and moduiator system in a proper sequencs
which includes suitable purge periods before
ignition and after burner shutdown, returning them
to the starting position prior to lightoft and to

UVP-2 SYSTEM MODEL LISTING

OPEN !

automatic control after the main flame s
estalished. The UVP-2 System monitors both main
and pilot flames and do not permit the main fuel
vaive to be energized uniess pilot flame has been
estadlished and proven. Atso featured is a selectable
trial for ignition of the main flame which is restricted
to a safe short interval. An interiock circuit is
provided for air flow switches, fuel pressure
switches, and spark cut-off prior to energizing the
main fuel vaive.

Additionai features include proof of fuel vaive
clogure, proof of open damper during purge.
non-recycling limit and air flow interiocks.

Additionaily, the controli is designed to
de~energize all fuel vaives within a short safe interval
following flame failure. The control recycles each
time the operating or limit control closes. or after a
power failure, but locks out and must be reset
manually following flame failure. An alarm circuit
actuates audibie or visusi alarms following a safety
lockout.

o I csSAam ‘
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For further details see bulletin C-30.

FIGURE 7-22 FIREYE UV DETECTOR SYSTEM
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Drive Mechanisms

Pneumatic Control Device
Function
The function of a pneumatic control drive is to position a damper

or lever operated valve in response to an input control signal.

Theory of Operation

Pneumatic control drives normally use an air operated piston to
provide the force necessary to drive the output lever. Compressed air
from an external air supply is required since the pneumatic input
signal is generally not used to drive the piston. A positioning
system is provided which regulates the air supply to the piston in
accordance with the input control signal. The positioner may be
either pneumatically or electronically operated, depending upon the
control system employed.

The drive piston may be either the spring-opposed type or
air-opposed type. With spring-opposed pistons, the air pressure
drives the piston in one direction, and a spring drives it back in the
opposite direction when the air pressure is reduced. With the
air-opposed type, compressed air is contained in both sides of the
piston, and the proper placement is achieved by increasing or

decreasing the air pressure on either side.

7-17
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Hays-Republic

model F-10000 pneumatic final drive

o EASILY CALIBRATED o PRECISION POSITIONING ¢ CAN BE FULLY CHARACTERIZED o
e HIGH STARTING TORQUE o EASILY MAINTAINED o

description

The Hays-Republic Model F-.10000 Final Drive CONSTRUCTION: Weathertight
is designed to operate and pesitian dampers, OPERATING
loever operated valves, fan inlet vanes, turbine
governars, ond other control devices requiring TEMPERA TURES: 0° - 140°F.
rotary forque precision positioning. MOUNTING: Floor, 474" x 13"
. . . boit centers
This Pneumatic Actuatar provides high starting
torques and rapidly positions the final cantral CYLINDER: 4 x5
element. Input signals are com characterized 3 o, . B
te accurately control the reiationship of the QUTPUT: g,,,::;,ﬁﬂ'" com

drive lever motion to a given input signal
variation.

The Positioner is complete with all intemal

specifications

RESPONSE TIME:
REPEATABILITY:

Less thon § seconds
* 5%

pneumatic piping required for the air supply INPUT: 3. 15 psig or 15- 3 psig
and input signals.
AIR SUPPLY: 35 - 100 psig
The entire unit is weathertight, and svitable AIR CONSUMPTION: 1 SCFM
for temperature ranges of 0° 1o 140°F. All o . o° N
operating parts are recdily occessible for INDICATION: 0% - 90° lever position
calibration, servicing, aond maintenance as CONNECTIONS: 1.8” NPT (Signal Input)
required. SUPPLY: 14" NPT
ELECTRICAL: 2 - 3/4" conduit knockouts
NET WEIGHT: 100 Ibs.

FIGURE 7.23 HAYS-REPUBLIC PNEUMATIC CONTROL DRIVE




Bailey Control Systems Product Specifi:asﬁlog

Pneumatic Control Drives
Type AC

Bailey pneumatic control drives Type AC provide remote-
controlled power for positioning of regulating devices thru

mechanicai linkage
APPLICATION
Bailey pneumatic control drives operate and position
regulating devices such as dampers, fan inlet vanes. lever- _ ____1
operated valves, turbine governors and other devices requiring e LW

an extemal means of power. Drives are actuated by electric
or pneumatic incoming signals from automatic control or
remote manual stations.

FEATURES

® Wide range of torque. Four sizes are available in torque
ratings from 125 to 4000 ft-1bs (169 to 5420 Nm).

®  Suitable for high tempersture enviromments. Units with

pneumatic positionerscan be used in ambient temperatures _
up to 2 al,l-?(93"g). Units with I/P positioners operate ggwfmlm‘ r;;:?pm:mm%mmm ’Il';z
atup to 180°F (82°C). AC0608 Pnewmatic Control Drive (right) hex invernal Type AP

characterizable positioner.
@  Chancterizable positioning relays. Feedback cams can be

shaped to provide the relationship required between
input signal and final control element position. Controls
both direct and reverse action of drive.

@  Accepts electric or pneumatic control signal. See posi-
tioner Product Specification P88-7 (for Characterizable
Pneumnatic Positioner Type AP2) or P88-8 (for Charac-
terizable {/P Positioner Type APS).

©®  Easy to install. Can be placed in any convenient location
indoors or out and connected to the regulating device by
standard linkage components (see Product Specification
G81-5 on control drive linkage).

® Quick change-over to local hand operation from remote
manual or automatic operation can be made without loss

of control.
FIGURE 2 - Both Type AC0816 (left) and Type AC1016
(right) have internal Type AP characterizable posinioners.
Bailey.Controls
Form CPB1.1K Litho in US.A. 1280 © 1980 McDermott Incornorated Babcock sWHlcot. 2 McDermon camoany

FIGURE 7-24 BAILEY PNEUMATIC CONTROL DRIVE
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MODEL 7330
~ PRODUCT DATA SHEET

COMPACT FINAL DRIVE

HIGH OUTPUT TORQUE
CHARACTERIZED MOTION
ACCURATE ROTARY QUTPUT
STANDARD MANUAL LOCX
WEATHERPROOF ENCLOSURES

This versatile pneumatic drive unit is a low-cast
final drive for positioning vaives, dampers, and other
final control elements. Compact size, a characterizing
cam, and weatherproof case contribute to produce a
drive unit suitable for a great variety of applications.
And as an added benefit. you can essily mount the
ufit in any position - indoors or out. Besides produc-
ing an excellent torque, the rotary motion cutput shaft
simplifies installation. Linkage problems do not exist.
Simply mount lever in any position on the output
sbaft. Lever length adjusts to a full 13 inches.

A characterizing cam produces various feed-back
tunctions for given signal pressure changes. One por-
tion of the cam produces an output linear to the input.
while another portion produces an exponential motion
approximately equal to the square of the input. The

Model .................... Ceireeee e
Iopuc Signal . . . ............... e
Mazimum Supply Jressure ... ..... e
Minimum Supply Pressure . . .. ................
Operating Temperatuse Limits . ... .............
Sensitivity . .. .. ......e. i
Ouepuc Shaft Rocatton. . . ... . ................

Time Required for Full Scroke:

remaining cam segment is uncut. You can easily tailor
your response by merely shaping the blank portion to
your requirements. Or just seiect the segment that will
produce your desired resuits. Cam changing is com-
pletely eliminated.

The drive will aperate directly from a 40 to 150 psi
air supply, and does not require either regulation or
filtering if artached to a clean. dry air source. Inputs
may be 3 to 1S or 3 to 27 psig, depending on which
you select. A manual operator and iimit switches are
optional accessones to provide even greater versatility.

.............. PR 1]

FIGURE 726 HAYS-REPUBLIC COMPACT PNEUMATIC CONTROL DRIVE
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7.4.2

Electric Control Drive

Function

The function of an electric control drive is to position a damper

or lever operated valve in response to an input control signal.

Theory of Operation

Most electric control drives use a reversible electric motor to
position the output drive lever. The motor acts through a series of
reduction gears to increase the output torque and provide precise
control. The motor does not operate continuously. It is started when
an input control signal is received and stopped when the output d-ive
lever reaches the desired position.

Often a cam mechanism is included with the control drive which
can be used to "characterize" the output. Thus, the displacement of
the output drive lever can be made to vary with respect to the input

signal in accordance with almost any mathematical function.

7-18
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Hays-Republic

models 873 and 874
electric power units

application

Electric Power Units are normaily used in
combustion and process control to operate
the final control slement. These unirts have a
reversible motor and may be applied to oper-
ate dampers, vaives, rheostats, variable speed
transmissions, fan couplings, stoker levers,
and similar devices. Adjustable limit switches
are supplied to restrict angular travei of the
unit. Additional switches can be installed to
operate signal lights or alarms, for transfer of
control or for purpose of interiocking. Poten-
tiometers for control application or for the
operation of remote position indicators are
also available.

operation

The Electric Power Unit is electricaily con-
nected to its controlier. It is energized by re-
versing relays whose coiis are operated by a
circuit closing device such as magnetically
operated mercury switches, ralay contacts or
an electronic relay. A lever secured to the
output shaft moves as the shaft turns. Link-
age connects this lever to the final control
eiement to be operated. By suitable adjust-
ment of the 'inkage, either linear or non-
linear motion of the finsl control element
may be obtained.

features

RAPID RESPONSE. Electrical operation
insures immediate response.

REVERSISBLE MOTOR: Roration of out-
put shaft is instantly reversible.

RATINGS include high safsty factor for
normal line voitage variations.

NO OVER-TRAVEL: Friction braking at
rotor stops Motor when current is cut off.

PLUG-IN RELAYS with integral dual
life feature.

HIGH STARTING TORQUE always avail-
able to overcoma static friction.

HAND WHEEL provided for manual oper-
ation.

FIGURE

7-26 HAYS-REPUBLIC ELECTRIC CONTROL DRIVE
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Bailey Control Systems

Product Specification
E81-4-2

Electric Control Drives (Modulating)

Type RW

Provide remotscontrolled power for precise positioning
of regulating devices through mechanical linkags.

APPLICATION

Operating and positioning dampers, lever-operated valves,
and other regulating devices requiring an external means of
power. Drives are actuated by electrical signals from an auto-
matic control system or from a remote manual station.

FEATURES

o Modulating Control. Speed of travel is proportional to the

value of the position error signal. As the signal approaches
the desired control point, spesd decrezses and vistually no
overshooting occurs.

o Flaxible Coatrol Charscteristics. Cam mechanism im-

proves control characteristics of regulating davices by
providing a simple adjustment for relation between Drive
position and electric input signal.

o Easy to Install. Control drive can be piaced in any con-
venient locauon indoors or outdoors. Connected to
the device being regulated by standard linkage (see Prod-
uct Specification G81-5).

o Servo Amplifier is designed for indoor cabinet or rack

mounting.

o Wide Range of Torques. Five sizes available in torque
ratings from 230 to 6000 1b-{t (312 to 8136 Nm).

¢ Equipment Protection. Motor current limiting prevents
damage during automatic operation in the event that the
driven device jams. Torque limit switches are provided
to limit maximum output torque to a preset vaiue. Torque
limit switches are normaily set to =20% of maximum
rated torque. Special factory settings are avalable on
request.

o Remote Manual Control. Precuse jogging control bypasses

Servo Amplifier and can be iccomplished with Ampli-
fler Card unpiugged to facilitate maintensnce.

Form CES1 4.2 Litho in US.A. 980

@ 1990 McDermott Incorporated

ATIS?

FIGURE | - Type RWB Control Drive with 650 Ib-fr (881
Nm) continuous rorque rating.

e Disect Manual Operstion. Quick changeover to direct
manual operation from automatic or remote manual
operation thru local interiock and hand crank.

o Service Accemibility. Easy access to drive components.
Plug-in circuit cards allow testing and maintenance while
drive continues operating under manual control.

o Quick Disconnect Plug permits functional testing with-
out disturbing system waring.

s Wide Ambient Temperature Applications. ~10 to +160F
(=23 to 7IC): low temperature lubricant available tor
operation at =30 to +160F (=34 to0 71C).

;lgggzzControls

. 4 McOermon company

FIGURE 727 BAILEY ELECTRIC CONTROL DRIVE




7.4.3 Pneumatic Valve Actuator

Function
The function of a pneumatic valve actuator is to vary the amount
. a valve is opened in accordance with an input control signal from some

other control component.

Theory of Operation

Pneumatic actuators are normally the piston operated or diaphragm
operated type. The piston operated type perform in essentially the
same manner as any piston operated pneumatic control drive (see
Section 7.4.1). The main difference is that piston operated valve
actuators are specifically designed for valves and are mounted
directly on the valve yoke.

Diaphragm actuators are perhaps the most common valve positioning
device. They are relatively inexpensive and yet afford very precise
modulating control. They operate in somewhat the same manner as a
piston actuator, except a spring loaded (or air opposed) diaphragm is
used instead of a piston. The valve stem is diréct]y coupled to the
diaphragm. When the air pressure is increased in the chamber above
the diaphragm it pushes the valve stem down, and when the pressure is

decreased the stem comes up.

7-19
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Numerous control options are available with pneumatic actuators.

The valve may be made to either open or close on loss of air supply or
even fail in place if desired. The valves may be operated directly
using control signal air, or the control signal may go to a positioner
which in turn requlates the actuator. If a positioner is provided,
the valve may be controlled using either a pneumatic or electric
control signal.

Pneumatic actuators may be used to provide either modulating or
on-off control. If modulating a control is required, valve
positioners are normally added since they greatly increase the control
precision. The positioner normally receives a feedback signal from
the valve (via a mechanical linkage) so that it is able to precisely

vary the valve opening in accordance with the input control signal.
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[+ Blaiilely| Babcock & Wilcox

: V-PUP* CONTROL VALVE

AIR PRESSURE
CONMNECTION

SCREWED , FLANGED
O WERLDING ENOS

IRON , STER Of
ARQY BODNES

Product Specification

P85-3

SPECIFICATIONS TABLE |

Plug, Stem, and Sasts: Type 316 sumniess

steel. Smilited sesting and/or guiding sur-

faces optionad.

Sody: Semi-stest (ASTM A128 Clams 8 or

C); cartion stesl (ASTM A218 Gr. WCB);

aor chrome-moly (ASTM A217 Gr. CS).

Yoka: Sermw-stenl.

., Packing: Seifivbrcating Tetion V-ring tor

Meteriel stoam 10 450 D seturswnd. wpernegted

seem to 480 pw. and wewr to 4SO0F:

Ourernemstiic tor steamn over 450 pw or

weter over 4908,

Actustor Sonng: Silicon manganess steel.

Disphragm: Suns N with nylon fabric

neere.
Otaptwagm Cass: Prewmed steet.

Narmaily Open (sir-tociose actioni:

CLASS C€-0. See Hm 2P 2.
Operstion Normally Cossd (swr-to-open action):

CLASS DWE-C. Sen Figure 3, Page 2.

See Tabie il, Pege 2, for dimenmons and
ACTBEtET effective Gianhragrn aress for vanous tvpe
actuators.

FIGURE ! - Bailey Diaphragm-Actuated, V-Pup Conmtrol

o Vaive. TYPE VFA. CLASS C20E-O.

.

. The TYPE VFA. CLASS C20E or D20E vaive is of the
5 doubie-seat. top and bottom guwied. V-Port design with pro-
= ] portional uniform percentage characteristics. [ pressure drop
- is heid constant. equal percentage change in race of flow will
- resuit from equal changes in valve lift foc all openings of the
.- vaive.

Applicstion

Typical applications include condensate flow control. steam
pressure reducing, etc. Restricted area inner vaives are available
where specitic applications necessitate their use.

T e

D - CABEENNOND B4 200

128, 150, 250, J00. 600, 900, or 1500
Mmmmwm«
to
‘“E"'s—rmm Paga 2, for corresconang
5208 and matenals.

Control Pressurg Stondard signal rangme of 3-27 or 318
R pug. 40 PHg WODIY Oreslure reaUIred
L o e Qg relay 18

Shipoing: SeeTable 114, Page 2.
Weights Net: Acorowmately 38% of smpping
waght.

Standard: Uniess othervse soecified, bass
once :ncludes pomtion ndicator and in-
struction Dok,

g relay (see
Praduct Soecification PBS-4). traver stops:
HATENRON DONNAT (fOF TEMDIraTUIES abOVe
450F): pneumatic traoDING veives; sole-
noid valves: it switches: snd postion
transuctors  (see  Product Specificanion
P8e-5).

Accemories

© Bariey Meter Company 1964

FIGURE 7.28 BAILEY PNEUMATIC VALVE ACTUATOR-DIAGRAM TYPE




Balilely] Babcock & Wilcox

Product Specification

P85-2

BAILEY PISTON-ACTUATED CONTROI. VAI.VE

The TYPE V), CLASS DISE, DIOF, or DIvG valve is of the balanced.
dosblewest. cuge-guided, V-port design hcnponu-udncmmd

. by the sise and shape of cage ports. [ piston
ample pewer.
APPLICATION
For accurate, dependable throttling control with minimym neite and
manimem availability amder conditions of high initisl high

pressare.
lm.ﬂ‘. and M.h pressure dnp. Typk-l applications include leed

P

PHYSICAL CHARACTERISTICS
Materiel

Cage. Stem. and Dises: Ty, unnhu seel (CLASS Dlol) Type
308 stainless steel with ¢ sarfsces | CLASS DIOF) ; or
T 304 mmm-immmmummm

1C| D10G).
steel 1ASTM A216 Gr. WCB): or chrome-mely
IAYS;I;.M A217? Gr. WC6 or Gr. CS).

'und‘ h Bleck Packing: Suitable fer specifie vaive operating
mnudumum.

a'.."“..

Stem meves up te close.

Actuster
'nn VI1: Singlecylinder 16~ dk and 8" ke with iti

'%‘YP!’\J! Single-cylinder 18~ dinmeter and 8" streke) with pesition-
¥ Vl:. Single-cviinder 110" dismeter 3nd 3" siroke: with pesition-

in

"Y':.JVJO Twe-eylinders (3° dismeter and 8" uroke) with pesitien-
"' Y.

See Table I. Page 2. for actuators used with variews sise valves.
Pressure Stendards ond Inds
“::. . 1300, or 2500 paig bo bodies having raised face langed or weldiag

desig d to ASA See Table 1. Page 2 for cocresponding
sises and nl:r.l‘al-. lhu joim flanges or carbom sieel welding ends on

C«md Prassure Renges
Standard signal romges of 313 or 3.27 psig. 0 peig supply pressure
required for pesitioning relay.
Weights
~'upplnq See 'l'ablt {. Page 2.
85% of shipping weight.

MAXIMUM RECOMMENDED VELOCITIES

Steam. Air. or Gas: 30.000 fpm outlet.

Water ' 550 pnl and 350F): Cabo- seel body — 10 'po. Semi-steel
b«ty-—Zo lpu. .-r WCé chrome-moly body — 25 fpe: Ge. C3 chrome
meoly body = i§

ACCESSORI!S

Standard: Unless atherwise sperified. price includes characterised
positiening relay ' see Product Specificution P99.5); air failure lock with
menual reset: integral cneling head *standard except lor 600 plit 'll"
with 313" « 114" cage sise with opti | K3
pouuon mdlnlu. and instruction book.

Povition +see Product Specification P99:101;
fined minimom i air failure alarm: travel limit switches: stem
lubricator and iseleting valve: expanded outlets in some sizes;

radiography.

AGURE 1 -~ Bailey Pisten-Actuated, V-Pert Contrel

Vaive, TYPE V), CLASS DIOE, D108, or D10G.

QUOTATIONIORDERING INFORMATION

Yo 'a o '.ll‘L"‘d.

to plece on supply on the

1 V-FOII connot VALVI as fellows:

Howing Conditions:

Fluid:

Maxi [ y

Miri &

" Inlot P peig

Huid Tompe! (]

Spocific Gravi ot P/ 608
'nmnﬂmnn [ ity pei
Prossure Orop ot Mini [ vy -
Inter P ot Mexi [« psig

Vdnlnhﬂm—nm

Veive Outlet Sizer _________inches

Control Pressure: = 3427 poig; = 3415 poig

Pressurs Stendard: — 600 peig; = 900 peig;
T 1500 peig; C 2500 peig

Vaive Inde: T Manged; = Welding

L.

E0miley Moter Company 1964

PNEUMATIC EQUIPMENT

FIGURE 7.29 BAILEY PNEUMATIC VALVE ACTUATOR-PISTON TYPE




Biaiilely] Babcock & Wilcox

Product Specification
P88-6

PNEUMATIC PROPORTIONAL POSITIONER

Type AP1

The Type AP! Proportional Positioner prowdes fast.
sensitive and  accurate posmtiomng of  double-acting
pistonvcylinder  assemmblies and  single-acting  spring  of
cushiondoaded diaphragm actuators in response to an nput
sugnal (3-15 or 3-27 psig) from a pneumatic controller device.

The Positioner is usuaily located in the control loop
between the controller and the final control element power
device (cylinder or diaphragm actuator). A mechanical connec:
tion to the final controi element 1s used to feed back the
actual position. When the controiler calls for repositioning. the
Positioner a¢ts as 2 pneumatic relay. thru an independent air
supply. and changes the piston or valve to the new required
position,

Features

®  Stable posioning charactenstics are provided for both
smail and large cylinders or actuators.

®  Large gas/air capacity igreater than 25 sctm at 75 psi) for
fast inal control element response while mantaining low
$3s usage.

® Wide range of operation. Standard stroke ranges from
0.25 10 24.0".

® 11 psig maximum input span. Includes standard nput
signais of 3-13 psig or 3-27 psig and offers a vanety of
split range capabilities (ie. 3-9 psig, -15 psig, ¢tc.).

® Usable for double-acting or single-acting service. A valve
adjustment procedure permits changeover trom double-
acting to single-acting operation.

® Actuion (direct or reverse) is changeable in the field
without the need for any additional parts.

®  Capable of uperating at ambient temperatures up to J50F
and supply pressures up o 130 psig.

¢ Externaily adjustable span ind zero tor each stroke level.

FIGURE | - Type AP1 Pneumatic Proportional Positioner

Good vibration resistant charactenstcs to final control
[ mo tor leranions up to 2 G's and
frequencies below 60Hz.

Posiuve mechanical feedback provides accurate final
control ¢lement movement for each vaiue of input signal
apolied.

Most Positioners available as oft-the-shetf units.

Small compact size allows tor easy handling and instada:
non.

FIGURE 7.30 BAILEY PNEUMATIC VALVE POSITIONER
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Electric Valve Actuator

Function
The function of an electric valve actuator is to vary the amount
the valve is opened in accordance with an input control signal from

some other control component.

Theory of Operation

Electric actuators may be either the motor operated type or the
solenoid type. Motor operated actuators are in general rather
expensive and are normally not used on small industrial boilers. They
utilize a reversing electric motor acting through a series of
reduction gears to position the valve. The motor drives the valve to
the desired position and then stops. Torque switches and/or limit
switches are generally included for motor protection.

Solenoid actuators are much less expensive than motor operators,
but they are much more limited in their application. Solenoid
actuators can only provide on-off, or wide open-shut valve control.
Furthermore, they are only practical on small valves, generally less
than two inches in diameter, and are normally only used on valves
smaller than one inch.

Solenoid actuators use an electromagnetic coil to position the
valve plug. The valve stem is usually an integral part of a magnetic
plunger which passes through the middle of the coil. When the coil is

energized, electromagnetic force causes the plunger to move either up

7-21
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or down, thus positioning the valve plug. The plunger is spring
loaded, so tnat when the coil is de-energized, the valve plug returns
to its original position. Solenoid valves may be designed to either
open when energized or close when energized, and either alternating

current (ac) or direct current (dc) may be used to energize the coil.

7-22
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! fuel valves and actuators
.
o VAQ36A.B; VBO3GA SOLENOID GAS VALVES
- NORMALLY CLOSED  persture: V4038A, VBOIBA—125 F (52 C]; V40368—
b SOLENOID GAS VALVES 140 F (80 C]. Listed by Underwriters Luboratories Inc:
FOR MEDIUM PRES- industrisl  Risk insurers (formerly FIA) approvabls:
| SURE GAS BURNERS. Factory Mutusl sporaved; Canadian Gas Associstion
- Msy be used as safety certified; American Gas Association certified.
¥ shutoft vaive on pilot or
s main fusl supply lines. Suit-
f'_.; sble for LP, natural, or
- manufactured gases. Vaive
e Pattern: Straight-through.
- Maximum Ambient Tem.  REPLACEMENT PARTS:
Coil Assemblies—
ASSEMBLY
| i} H _“wumpgn | CLASS® | VOLTS (00t | useD oM
” U —~) 2} —7040Nge A —l20 L VAQIBA
- 'y ": N om —lBAONCE A 208 YAQIBA
. o | X —Jsamoe | a0 VAOUA__
' R e H Theme s Fr— T
N =4
! s UL 3Cail_smembly comsists of (1) col, (1) V4G21 nemepiewe,
L L (1) V4038 remepiacs. (1 sa) Honsywell form 98-2230 instrue-
CUTLING CusENens CUTLING CHSTNBONS tions, 95-5480 inewructions, and 80-0004 instructions.
OF 3040, ~ 1.8, VALVES QF 181N 3-0/3 ¥R, VALVES D24V, 60 Hz coi only. .
1 o J S —— " — CCagetie of ion et + <ot
D K MNR/LIR. Y ARD o lovels:
o % 2
! LA 38D/{ MALL YRE AR ) X FAHRENNEIT CELSIUS
e st B Clam A 22 108
Class 8 208 130
V4338, V8038 dimensions in inches [millimetres in No other perts replacesble.
bracion] .
PRESSURE FLOW
vowTags | eessize
ORDER NUMSER 90/08 a) T — - TYS PILOT TAP
VeG3I8A1001 20 38 10, 689 108 3, 8
V4030A 1019 20 172 5 34 228 ; 8
i Va038A1027 20 0 3 20. 48 13, )
i V4038A1038 120 1 1. 10, 772 21. L]
; “VAGIBATO4 i) 251 S - LX) 7 X 74
i T ki T2 T3 LX) 1300 399 173
i VAGSIATON LN 7] S X K] 158 3 178
: ¥ 20 72 ) 345 238 5. 78
i —VaUSEATOSA 280 RIL) X) 0.7 8% 13. 8
| ~VaGIAI003 740 s 70. 772 K 78
| s 1 - oS0
- 7 7Y TT | 240 77 X 1409 X 1/
. ; V403681009 38 10; 1 3. J
= i V403481017 13 S 34, 238 X
i Y403681028 k1L 29, ;] 13, -
- i V40368 1200 8 10.3 T | 8
- ‘ Va03681041 1208 78 28 86 | iose 30.0 [
" i V403681 7208 BTF] 0 9 | ‘a0 309 T
a i VEOISA 1002 26 /8 28 88 | iose 30.0 2
™ ! SCM Nee. gas 1000 Btu/cu ft, 0.84 10 7, 5.0., 1 ineh we (m3/w. 37.3 Mam?, 0.64 1 gr g ot 0.28 kPal.
. BClam 8 col.
b
: TRADELINE
%
- 232
FIGURE 7-31 HONEYWELL SOLENOID VALVE
ORISR T N T D O R




7.4.5 Hydraulic Valve Actuator

Function
The function of a hydraulic valve actuator is to vary the amount
a valve is opened in accordance with an input control signal from some

other control component.

Theory of Operation

Hydraulic valve actuators operate in basically the same manner as
pneumatic actuators, except that a liquid instead of a gas is used as
the motive, or control, fluid. Either a piston or diaphragm is
provided, and the hydraulic pressure acting against it is varied as
necessary to position the valve.

Hydraulic actuators may use liquid from the process piping
upstream of the valve as the motive fluid, or they may be provided
with self-contained hydraulic oil systems. Pilot valves, either
electric, hydraulic, or pneumatic, are used to regulate the flow to

and from the actuator diaphragm or piston.
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fuel valves and actuators
~——V4055A,8,D,E ON-OFF FLUID POWER GAS VALVE ACTUATORS —

USED WITH VS055
VALVE TO CONTROL
GAS SUPPLY TO COM-
MERCIAL AND INDUS-
TRIAL BURNERS.

Refer to ordering table
for application. Rated for
final safety shutoff service
when used with V5034 or
V5055 vaive. Indicators on
vaive and actuator provide
constant visusl indication of valve position. Vaive and
actuator can be mounted in any position. Actuator
mounts directly to valve bonnet with 2 setscrews.
Ambient Temperature Rating: Minus 40 .to plus 150 F
{minus 40 to pius 68 C} tfor 80 Hz models. Closing
Time: 1 second maximum. Pressure ratings and approvais
for these actustors depend on the valve used. Refer to
VALVE-ACTUATOR APPROVALS and PRESSURE
RATINGS, page 238.

ELECTRICAL RATINGS:

V4055A .0~
VOLTAGE/ OPENING ISTANDARD) OPENING (FAST) HOLDING
FREQUENCY [TNRUSH | WATTS | AMP | VA | INRUSH | WATTS | AMP | VA | WATTS | AMP VA
120V/60 Mz 3, 00| 094 |11 se | 7o 3 60 | 95 |0tz [1a
208760 Hx 2.7 540 | 0% |11 4. 730 1080 |60 | 91 Joor e

T 240vi60 Hr 28 ST0_] 048 [ 11 4 715 | o068 | 160 | 92 | 008 |14

V40858 E~120V, 6Q Hz.
Opening—60 watts, 0.94 amp (5.4 amp inrush),
115 VA,
Moiding—9.5 watts, 0.16 amp, 19 VA,

DAMPER CRANK ARM RATING (electricaily drives
damper in 1 direction oniy):

Standsrd Modgeis—20 Ib maximum at 2-11/18 in.
radius at plus 20 to plus 150 F, and 5 Id at
minus 40 to plus 20 F [9 kg maximum at 68 mm
radius at minus 7 to pius 68 C, and 2.3 kg at
minus 40 to minus 7 C}.

Modeis _with Damoper Shaft Return_Spring=10 ib

maximum at 2-11/18 in. radius at plus 20 to plus
150 F and 5 ib at minus 40 10 plus 20 F (4.5 kg
maximum at 68 mm radius at minus 7 to plus
88 C, and 2.3 kg at minus 40 to minus 7 C].

MAXIMUM DAMPER SHAFT ROTATION: 52 anguisr
degrees.

AUXILIARY SWITCH AND VALVE-CLOSED (FAC-
TORY MUTUAL) SWITCH RATINGS: 1/2 hpd.

L0AD 120V 200V _
Pull Loss 9.8 amp 4.9 ano
Locked Rotor $8.8 amp BDémo
SMgxi totad power to both switches [if used)
is 1800 VA,
REPLACEMENT PARTS:

133588 Auxiiiary Switch Bag Assembly.

133569 FM Proof of Closure/UL Vaive Seal Overtravel
Interiock Switch Bag Assembiy. Must be used with
VS055C or E: do not use with VS034 vaive body.

7616BR Damper Crank Arm (damper arm and clip).

No other parts repiacaabls.

ACCESSORIES:

133868 Auxiliary Switch 8ag Assembiy.

133589 FM Proot of Closure/UL Vaive Seai Overtravel
Interiock Switch Bag Assembly. Must be used with
VS088C or E; do nat use with V5034 vaive bady.

7618BR Damper Crank Arm (damper arm and clip).

133833A Short Stem Adapter for mounting actuator
on V5034 valve with short stem.

133534A Long Stem Adaoter for mounting actuator
on V5034 vaive with long stem,

continued next pege
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FIGURE 7.32 HONEYWELL HYDRAULIC VALVE ACTUATOR
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Hays-Republic

model F-04632
hydraulic position regulator

¢ RUGGED CONSTRUCTION

® WEATHERPROOF CASE

e CHARACTERIZED QUTPUT o

® POSITION INDICATING RELAY OPTION AVAILABLE o

application
The Hays-Republic Hydraulic
Position Reguistor is used to reg-

ulate the position of a hydrauiic
piston operated siide vaive. An ar

loading station is used to control
the action of the reguiator and
hence determine the position of
the slide vaive.

The attached curve, Figure 1 on
reverse side, ilustrates the rels-
tionship between the air pressure
appiied to the loading diaphragm
and the power piston position or
vaive stroke.

the regulator

The Hydraulic Positioner consists
of 8 cast iron case upon which
are mounted a loading disphragm
asgsembly, an oil pilot vaive as-
sembly and a return motion as-
sembly.

Such a reguistor is illustrated by
Figure 2 on reverse side. There
may be certain varistions in the
arrangement of the returmn motion
to accommodate a vertical or hor-
izontal position of the power re-
lay cylinder.

The Positioner is an oil operated
_roqultmgdwicoolmm-

from a controller of the flow con-
trot, level control, hand controt or
other type of master control de-
vice, and converts this air pres-
sure into a definite position of a
power piston. in this particular
case, its purpose is to position a
slide vaive. Its action is controlied
manually of automaticaliv “~om a
remote control panel.

operation cycle

With zero pressure on the load-
ing diaphragm the power piston
is at the end of its stroke. Appk-
cation of pressure on the loag-
ing diaphragm causes it to move
downward against the pressure

of the diaphragm spring. The pllot
vaive balancing lever is pinned at
its left end to the cam follower
lever. Since this pivot point is

vaive connecting iink and results
in a movement of the muitiplying
vaive which produces a move-
ment of the piot vaive. The pilot
valve is connected to & supply of
ol under pressure. When the
valve is moved from its neutral or
mid-position, the pressure is in-
craased on one end of the power
piston and decreased on the op-
posite end. This produces a
movement of the power piston.
As shown in Figure 2, the power
piston will move from right to left
and proguce a countarciockwise
rotation af the circular cable pul-
ley which hoids the cam piate.
The cam rolier is heid against the
edge of the cam Dy a spring, and
therafore, follows the shape of
the cam so that the cam lever
tums on its supporting shaft to
reset the piot vaive t0 neutral. A
decrease in pressure on the load-
ing diaphragm causes a reversal
of all the movements descnbed
above.

FIGURE 7-33 HAYS-REPUBLIC HYDRAULIC VALVE ACTUATOR
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Recording Devices

Circular and Strip Chart Recorder

Function

The function of a circular or strip chart recorder is to keep a

continuous record of one or more boiler operating parameters.

Theory of Operation

A circular chart recorder consists of a motor driven disk or
which a paper chart is located, and one or more pen mechanisms which
plot the desired output on the chart. The disk rotates very slowly,
usually once every twenty-four hours. The individual pen mechanisms
receive continuous input signals from various boiler parameter
measuring devices, such as pressure, temperature, and flow
transmitters. The mechanisms cause the individual marking pens to
move laterally on the chart (towards or away from the center of the
disk) in accordance with the magnitude of the control signal.

Circular chart recorders may be designed to receive either
electric or pneumatic control signals.

Strip chart recorders operzte on essentially the same principle
as circular chart recorders. The only difference is that the pens
mark on a rectangular "strip" chart which is rolled continuously from
one reel onto another instead of a rotating disk. Since the strip
chart can be made very long if desired, the same chart paper can be

used for several days or even weeks.

7-24
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Hays-Republic
model 2100
127 circular chart

recorder .
H oo

.A(?cm e
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DESCRIPTION

The Hays-Republic
Model 2100 is a versa-
tile 12" circuiar chart re-
corder. The Model 2100 Re-
corder can be custom built from
standard plug-in measuring ele-
ments to meet specific process re-
cording requirements. The Model
2100 Recorcer is capable of re-
corging and indicating from one to
four process measurements.

A quadrant or Zone arTangement
permits an extremely wide variety
of recording, indicating, and inte-
grating combinations. The quad-
rant design allows simpie instail-
ation of up to four compietely
unitized plug-in Measunng eie-
ments for process recording. A
maximum of two flow measure-
ments with continuous integration
utilizing all four guadrants is an
available construction.

The Model 2100 Recorder has a
rugged case which is easy to in-
stai! and maintain. The case is
weather resistant and designed to
prevent entry of dust., moisture,
and other harmful ambient ele-
ments.

The ink system design insures
each pen a continuous ink flow
with a thres to four month ink
supply in sesied cartridges.

Chart repiacement is simple and
may be accomplished with one
hand. Instesd of keys, nuts.
chains. or io0se parts, the Modet
2100 Recorder has a spring latch
that seats the chart tirmily on its
drive to prevent slippage.

Disengaging the chart latch
automaticaily lifts the recording
pens from the chart.

The chart hoider and automatic
pen lifters are secured to the chart
plate. This plate simuitaneousiy
orovides a SMooth recording sur-
face whiie protecting the chart
drive mechanism. The chart bear-
ing bracket. case. and chart plate
are internally constructed to in-
sure permanent alignment.

Optional indicating scales and
fluorescent chart lignting are
available for operator conven-
ience.

STANDARD
SPECIFICATIONS

Standard Chart Drive....
..24 hour; 115 voit

60 cycle A.C.
Hysteresis ........ 0.5% or less
Resolution ........ 0.2% or less
Ambient Temp. Effect .....
...0.4% per 50° F.
change

Barometric Pressure Elfect.....
..none

Recorder Weight
(NO Receivers).... Approx. 40 ibs.

Specifications subject to change
without notice.

FIGURE 7-34 HAYS-REPUBLIC CIRCULAR CHART RECORDER
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Hays-Republic

model 2550
strip chart recorder

¢ ACCURACY OF - 0.5% * SOLID STATE, PLUGN COMPONENTS °
* ONE, TWO OR THREE PENS * OPTIONAL ALARMS *

DESCRIPTION

The Hays-Republic Model 2550 Strip Chart Recorder
provides recording of up to three varisbles on a 4"
strip chart while providing a highty visible indication of
the variable. Ribbon-type indicators are color coded to
the pen color and provide indication at up to twice the
distance of conventional pointer indicators.

The servo-cperated, null-dalance recorder uses a
fully transistorized piug-in amplifier. Input circuits are
slectrically isolated from the power line and conduit,
and are isolated from each other in muitipie pen units
to eliminate interaction between signais.

The servos operate on a 01 voit DC signal, and may
be used on any of the common inout ranges by praper
selection of the input resistor (¢.g. 1-5 mA DC, 4-20 mA
DC. 10-30 mA DC, etc.).

The design of the servo is such that maximum power
's available to overcome inherent friction or other
sources of inacGuracy. A system accuracy of =0.50, is
obtained with a sensitivity of 0.25%,. As & result of the
power afforded Dy the servo operation. it is possible to
add accessories directly to the servo drive.

ACCESSORIES

Alarm switches. to a maximum of two per pen. may
be added as an option. The switches are cam-operated,
SPOT-type and may be adjusted to trip at any point
within the span. Each switch is rated 213 amps. at 125
to 250 VAC.

A retransmitting slidewire may be added to any pen.
The potentiometer vaiues are 1 to 1,000 ohms for gen-
eral purpose applications and 1 to 32 ohms for use with
the Hays-Republic Model 2240 Imegrator.

The 2550 Recorder may aiso be provided with exter-
nai ON-OFF control of chart drive and servo-motors
which makes it ideaily suited for use with process chro-
matograph to provide trend recording.
ACCESSIBILITY

The recorder has been designed for ease of mainte-
nance and calibration. Zero and span adjustments are
accessidle from the front, with no need o withdraw the
chasuis from the case. The chart drive mechanism flips
out at the touch of a lever to allow chart changing with
no need of removing the drive mechanism or chassis
from the case.

FIGURE 7.356 HAYS-REPUBLIC STRIP CHART RECORDER




Type 711,772 and 773

Records up to three procéss measurements on a d-inch
rectilinear chart. Color matched indicators wrack with the
recording pens. providing accurate, highly visible indications.

Pen motion is servo driven by a plug-in high gain nuil
balance DC amplifier, providing tast, accurate response. The
recorder chassis mounts in a standard 762 panel or rack
mounted sheif and connections are made through a piug and
cable assembly.

Type /71. 772 and 773 Recorders are tully compatible
with other Bailey 7000 instrumeats. inciuding the Type 770
Point Selector for trend recording up to 12 variabies, as well as
for general use in recording DC signals from many other
process instruments.

Input Signal Choice

® 1t35.0t0f,0to50to!0.-101t0 +10vDC or 4 1o
20ma DC powered from recorder or self-powered.

Improved Operator Convenience and Understanding
®  Three chan dispiays:

Type 771 Narrow Roll Chart: High recording density, up
to 3 pens in a 2.8 inch-wide recorder. Up to eight hour
instant review. Two hours visible on the face ot recorder.
six more hours with recorder partially removed from
enclosure.

Type 772 Wide Roll Chart: Up to 13 hour instant review.
Six hours visible on the face of the 3.6 inch-wide recorder,
seven more hours with recorder partially removed trom
enclosure.

Type 773 Z.iold Chart: Up to three hours visible on the
face of the recorder. The entire past record may be viewed
by vpening front window and puiling folded chan paper
from take-up chamber. Tlus 1s also 2 5.6 inch-wide
recorder.
Chart transport assembly completely removable for
historic review and chart change without operator
inconvenience.
Operator supervision maintained during chart removal by
independent bar jraph indicators that communicate
process measurement to operator.
Unique two-way door for operator notation and
mainrenance convenience.
®  Highly visible color coded bar graph indicators to match
pens.
Minimum Maintenance with Simplified Servicing
@  Quick change. dispossble une piece pen and 1nk cartridge.
Easy one step replacement. Ink cartridge life, up to ninety
. Jays of normal usage - 3000 it (914.4m) of trace.
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Biaiilely] Babcock & Wilcox

BAILEY 7000 RECORDERS

Product Specification
E12-771

NARROW ROLL RECORCER

RED PEN
SLUE PEN

FULL SIZE

FIGURE | - Type 771 Natrow Roll Stetp<Chart Recorder

FIGURE 7-38 BAILEY STRIP CHART RECORDER




L APPENDIX A
L SIGNAL PROCESSING FUNCTIONS
- Function & , Graphic _—
. Math Equation e Definition
n Symbol * s Representation - :
AR X ”
. SUMMING
: - . :f tput 1 i 3
» 5 M=y by b, ) l;l;‘heei:;u;:: equals the algebraic sum of
' ) € t
R 1 i
. AVERAGING X Rl R, :-' The output equals the algebraic sum of
o s/n m = - x the inputs divided by the number of
. inputs.
. : i T
. X % m
DIFFERENCE P % ' The output equals the algebraic differ-
a ) _/_‘ lence between the two inputs.
-
Yy
PROPORTIONAL — i The output is directly proportional to
K ! the input.
. : }
TEGRAL X The output varies in accordance with
mw = § it . ' both magnitude and duration of the in-
S T, | put. The output is proportional to the
—..D;':i t—t |time integral of the input.
, y
DERIVATIVE The output is proportional to the rate
=Ty, —
d/dt melow : of change (derivative) of the input.
% t 3 1
MULTIPLYING 7 % ] .
- The output equals the product of the
X n=hi / X two inputs. P
u ! 1
Xl b |
DIVIDING o h ) % . The output equals the quotient of the
-~ 3, b two inputs.
4 t Y t
X m
< m;gg{lon - The output equals the root (i.c., square
Mm vV X root. fourth root. 3/2 root, etc.) of the
n vV b . |input.
> x
! EXPONENTIAL - r The output equals the input raised to
P x" = a power (i.e.. second, third, fourth, etc.)

X

A-1

*IN ACCORDANCE WITH THE SCIENTIFIC APPARATUS MAKERS ASSOCIATION (SAMA)
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SIGNAL PROCESSING FUNCTIONS (CONT.)

Function & Graphic

Math Equation . Definition
Symbol ath Equatio Represantation
NONLINEAR OR | . .
UNSPECIFIED o The output equals some nonlinear func-
rufucnon m = tion of the input.
(x) , -
X m )
TIME FUNCTION ma=x Y R /‘ The outpu; equals the inplut times some
tunction of time or equals some func-
. f(t) m = ) ‘ . : - | tion of time alone.
x ™
B HIGH SELECTING L FOR2, >, % / The output is equal to that input which
= > 1, FORX, <%, | : is the greatest of the inputs.
F - Y U 4 1
- LOW SELECTING na |2fORH >x y The output is equal to that input which
- < x, FORY, <x, ! X ! is the least of the inputs.
. - t t % t
| x ™M
HIGH LIMITING
Y M= z xFORx < W ’ " . The output equals the input or the high
HFORX > H : i limit value whichever is lower.
t t N t
X iy
. LOW LIMITING FORX > L 1 . _/ _
&£ LFOR® < L ! v The output equals the input or the low
E.'f# - < :. | i. ‘ limit value whichever is higher.
- REVERSE
e PROPORTIONAL M - Kx The output is reversely proportional to
-~ =K the input.
. -
&
-
2 The output equals the input as long as
.- {IERLG!I,:I% b the rate of change of the input does not
t' ' o, excesd a limit value. The output wiil
- v } £ 4 change at the rate established by this
& s = |limit until the output again equals the
3 v input.
BIAS ‘I M! -
+, =, 0r% Ty b e }/ 'Tij.c vutput equals the input ptus (or
P T U = 1 minus) some arbitrary value (bias).
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SIGNAL PROCESSING FUNCTIONS (CONT.)

~
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Function & Math Equation Graphic Definition
Symbol Repressntation
ANALOG SIGNAL " ™ | ! devel
GENERATOR A Al——e e e output is an analog signal devel-
A n= DOES NOT APPLY oped within the generator.
|
The output equals the input which has
TRANSFER = | % FORSIATE] been selected by transfer. The state of
T lx-. FOR STATE 2 the transfer is established by external
: means.
— STATE]  xgH
MONITOR STATE 2
H/ t{g:anztn oy~ N
STATE 1
n QESRE 1<t
STATE 2 >l
, '::‘:,LET:"' The output has discrete states which are
tFY dependent on the value of the input.
H.
H/L e st | < ‘ LSTATE srATE’ When the input exceeds (or becomes
STATE 2 1 less than) an arbitrary limit value the
. output changes state.
e ERERGitEp O 5 > H.L TR
ALARM STATE.
STATE 1
CFineroitto on” * < L
AUAR®A STATE)
STATE 2
@OTMOUTPUTS | oy
H//L seentRGIEY =
STATE3
ASECOND OUTPUT my
ENERGIZEDOR X > N
ALARM STATE) :

The variables used in the tablz are:

A — Anarbitrary analoyg signal
b — Analog bias value

di

d — . .
——— Derivative with respect to time t

L — Anarbitrary analog low limit value

m — Analog output variable

n — Number of anaiog inputs or vaiue of exponent
— Time

Ton — Derivative time

H — Anarbiteiary analoy high imit value

1 .
== —Integrating ratc
T,

x — Anuloginput variable

X1. X A3 ... X — Analoginput variable (1 10 nin number)

A-3

P AP YO S PP .. P




FIGURE 7-30 BAILEY PNEUMATIC VALVE POSITIONER




