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COARSE/FINE CONTROL STRATEGIES
USING THE MYCRO™ 352 SINGLE-LOOP CONTROLLER

PURPOSE

A coarseftine control strategy uses two final control elements
(FCEs), one large and one small, that are connected for an ad-
ditive effect on the process. The large FCE supports large
changes in the manipulated variable, but often lacks resolu-
tion. To improve resolution and increase turndown, a small
CE, which has better resolution, is used to trimthe large FCE.

Coarse/fine control is sometimes called "big valvelittle valve”

control. Figure 1 shows a system that employs this strategy for
pH control.

There are several ways to implement coarse/fine control. They
are split-range control, floating control, center-seeking control,
and a combination of split-range and center-seeking control.

HIGHLIGHTS

The coarsefine control strategies outlined inthis document en-
able precise tlow control, which improves product consistency.
The various strategies offer differant ways of achieving this ac-
cording to the process’ flow characteristics.

DESIGN

All four coarse/fine control strategies can be implementedin a
MYCRO 352 single-loop controller. The following sections dis-
cuss each methad, including the theory of operation, its advan-
tages and disadvantages, and how it can be implemented in
the 352.
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FIGURE1 Coarse/Fine pH Control
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Split-Range Control

The split-range control strategy involves closing the coarse
valve and manipulating cnly the fine valve when the flow de-
mand is low. As flow demand increases, the fine valve is

opened fuily and remains open as the coarse valve is manipu-
lated.

This scheme features immediate response to demand
changes and fine resolution for low flow demands. However,
the resolution becomes coarse when the demand exceeds the
capacity of the fine valve. This is a simple way to provide high
turndown.

A split-range control configuration is shown in Figure 2. This
configuration has been developed by modifying the 352's Fac-
tory-Configured Option (FCO) 01, which is the Single-Loop
PID Controlier with Tracking Setpeint.

CONTROLLED
VARIABLE

The PIiD Controller block (FB13) determines the fiow demand
after comparing a controlled variable signal (from FBO1} to a
setpoint signal (from FB17). The A/M Transfer block (FB14}
supports manual control of the valve positions via adjustments
to the flow demand.

The Deviation Amplifier block {FB22), performing the functions
of a gain block, multiples the demand signal by a factor which
ensures the fine valve is fully cpen at the peint of switchover.
The Gain and Bias block (FB38) biases the demand signal to
ensure the coarse valve does not begin to open until the fine
valve is fully open. Also, the demand signal is multiplied by a
tactor which allows the coarse valve to open fully at the highest
flow demand.

This configuration requires the expanded version of the
MYCRO 352 (Model 352E). The station can be running Bor C
Leval software.
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FIGURE 2 Split-Range Control Configuration



Floating Control

The floating contro! strategy only adjusts the fine valve while
its position is within fixed limits (between 25% and 75% of
scale, for instance) and adjusts the coarse valve only when re-
quired to keep the fine valve near midstroke. In this strategy,
a controller biock manipulates the fine valve; when the control-
ler output exceeds the limits on the fine valve, a separate inte-
gral-only controller moves the coarse valve.

The rate at which the coarse valve moves is relatively slow and
is praportional to the difference between the fine valve signal
and its exceeded limit. As the coarse valve moves, thefine flow
controller responds by returning the fine valve to within its lim-
its, atwhichtimethe coarse valve holds atits new position. The
coarse tlow controller must be tuned for slow response to en-
sure that the fine flow loop remains stable.

This strategy responds quickly to small flow demand changes
over the entire demand range by directly adjusting the fine
valve. However, it responds siowly to a large demand change
that saturates the fine valve. This is an easy way to get accu-
rate flow control over a large flow range.

CONTROLLED
VARIABLE
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Figure 3 shows a floating control configuration. It has been
created by moditying the 352's FCOQ for single-loop controller
with setpaint tracking (FCOO01).

In this configuration, the first Controller block (FB13) deter-
mines the fine valve signal. The A/M Transfer block (FB14) al-
lows manual control of the valve positions. The second Con-
troller block (FB45) is used as a floating, or integral-only {ID),
controller.

The Hi/l.o Limit block (FB09) limits the fine valve signal to be-
tween 25% and 75%. This allows a difference to develap be-
tween the P and S inputs to the second Controller block (FB45)
when the fine valve signal moves outside the limits. This error
causes the coarse flow controller to move the coarse valve,

The first controller (FB13), which is the fine flow controlier, re-
spondstothe changes produced by the coarse valve by return-
ing the fine valve to a position within its limits. This causes the
error at the coarse flow controller to become zero, which holds
the coarse valve at its new position.

This configuration can be implemented ina Modei 352E, which
is the expanded version of the MYCRO 352. The station can
be running B or C Level scftware.

03
AG

FINE
VALVE

%1%
COARSE
VALVE

FIGURE 3 Floating Control Configuration
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Center-Seeking Control

The center-seeking controi strategy is similar to the floating
control strategy. It involves manipulating only the fine valve
when its signal is between certain trip points, but when a trip
pointis reached, the coarse valve is adjusted untilthefine valve
is returned to 50%. This differs from floating control, which re-
turns the fine valve to the trip point rather than 50%.

Like floating control, this strategy responds quickly to small
changes in flow demand over the entire demand range by di-

CONTROLLED
VARIABLE

rectly adjusting the fine valve. However, it responds slowly to
a large demand change that saturates the fine valve. The ad-
vantage of center-seeking conlrolisthat it returns the fine valve
to where it can respond alone to large changes in either direc-
tion.

A center-seeking configuration is shown Figure 4. This config-
uration has been developed by modifying the 352's FCO for
single-loop control with setpoint tracking (FCOO01).
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FIGURE 4 Center-Seeking Control Configuration for a C Level Siation



The first Controlier block {FB13) determines the fine valve sig-
nal. The A/M Transter block (FB14) allows manual adjustment
of the valve positions. The second Controller block (FB45} is
anintegral-only {ID) controller that adjusts the coarse valve po-
sition when a fine valve trip point has been reached. The set-
point for the coarse flow controller is a constant value of 50%
from the Hold block (FB19).

CONTROLLED
VARIABLE
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The Quad Comparator block (FB64) determines when the sig-
naltothe fine valve has reached either the high or low trip point.
Via the deadbands, the Comparator block also determines
when the fine valve has returned to near 50%.

The NOR block (FB21) and the OR block (FB50) provide the
track command for the coarse fliow controlier. The coarse flow
controller tracks (holds its output) if the fine valve trip points
have not been crossed or if the station is in manual mode. The
General Purpose Track & Hold block (FB18) is used to allow
manual adjustment of the coarse valve independent of the fine
valve.

This configuration requires a Model 352E with C Leve! soft-
ware. With modification, a 352E with B Level software can also
be used (Figure 5). Due to the narrow range of the deadband
settings in B Level's Quad Comparator block (FB64), the com-
parator input signal is first multipiied by a gain of 0.333 (FB38),
and the trip points and deadbands entered in the Comparator
block are one-third of the intended values.

MODIFICATION FOR B LEVEL
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FIGURE 5 Center-Seeking Control Canfiguration for a B Level Station
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Combination of Split-Range and Center-Seeking
Control

A combination of split-range and center-seeking control can be
used to provide the quick response of split-range control with
the full-range resolution of center-seeking control. This combi-
nation strategy involves adjusting only the fine valve as anim-
mediate response to small flow demand changes. If a flow de-
mand change saturates the fine valve, the fine valve signal is
returned to 50% as the coarse valve is adjusted to the position
required to maintain the desired flow. The flow demand signal
is sent to both valves (in different proportions) ta enable quick
response to smait and large demand changes over the entire
demand range.

A split-range/center-seeking combination controf configura-
tion is shown in Figure &. This configuration has been created
by modifying the 352’s FCO for single-loop contro! with set-
point tracking (FCOO01).

In this configuration, the Controller block (FB13) detlermines
the flow demand signal, which positions both the fine and
coarse valves. The A/M Transfer block (FB14) allows manual
control of the valve positions. The Bias block (FB08) is used to
bias the flow demand signal down into the range of flow through
the fine vaive. The Deviation Amplifier block (FB22), perdorm-
ing the functions of a gain block, scales the fine flow signal into
the 0-100% range of the fine valve position.

The flow provided by the fine valve is subtracted from the flow
demand signal via the Subtracter block (FB34), and the result-
ing scaled signal is sent to the coarse valve. Subtracting the
fine signal from the flow demand signal allows the coarse vaive
signal to remain unchanged as the fine valve is responding to
fluctuations in demand.

Part of the Quad Comparator block {(FB64) determines if the
fine valve is saturated (see bottom of loop diagram). Another
part of the Quad Comparator block determines if the total Hiow
demand is low or high enough for the coarse valve to be forced
to saturation, requiring only the fine valve to move (see top of
loop diagram). The transition into each of these conditions de-
termines when the fine valve is repositioned to 50%.

Logic blocks 60, 20, 21, 48, and 50 determine if the fine vaive
is saturated while not at low or high total flow demand. Logic
biocks 56 and 57, executed in that order, act as a one-shot.
Logic blocks 69 and 67 generate a cne-shot when the coarse
valve should be forced to saturation.

OR block 70 provides a momentary recalcuiate command (C
input) to the Bias block (FBOB), which forces the block to recal-
culate its bias value so the block output is equal to the desired
output value (D input). This desired output value, from the Ho'
biock {FB19), is the value which positions theline valve at 50

——

Forthe case where the total flow demand becomes low or high
enough that the coarse valve is forced to saturation, the Bias
block must recalculate the bias value while the value of the A
input is exactly at the trip value. This ensures that both valve
signals are 0% for a 0% flow demand and 100% for a 100% flow
demand. The Inverter block (FB59) calculates the trip value for
the case of high flow demand. The Transter blocks (FB49 and
FB55) provide the correct value to the Bias block for bias recal-
culation.

The coarse valve typically cannot change position as quickly
as the fine valve. To avoid repositioning the fine valve at 50%
before the coarse valve can react, the Rate Limiter block
{FB42) slows the transition of the fine valve signal. Rate fimit
values of only afew seconds should accountforthe slow speed
of the coarse valve since, upon repositioning, it has only atrac-
tion of full stroke to trave!. The Off Delay bicck (FB65) enables
the rate limiter during repositioning; the delay configured is one
half the time of the rate limit.

This configuration requires the expanded version of the
MYCRO 352 (Model 352E). The station must be running C
Level software.

APPLICATIONS

In addition to the pH control system shown in Figure 1,
coarse/fine control strategy can be implemented on any pre
ess requiring precise flow control. One of the above strategr
can be implemented based on the characteristics of the tlow,
such as frequency of changes in flow demand and the range
of those changes.

All control circuits are provided only as a guideline lor developing whvidual applications. Be-
fore instatling any control circult, it shoutd be thoreughly tested under aif precess congilions.

Moore Products Co. 18 not responsible for any typographical or prinling errofs or changes 0
the product functionality after printing of this document.
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