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If located here, the sensor
controlling the fan has to

ﬂ control for the design static
= pressure all of the time ..
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If located here, the sensor | @pere | | - 3
controlling the fan has to X T o i <l e
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But if the sensor is located
here...




But if the sensor is located '
here, then it “sees” the

pressure drop due to flow e N % ' =
from the fan discharge to its : =
location and will only make ‘ g
as much discharge pressure ' - \
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Good News:
Locating the sensor further
out in the system will save — =
energy ‘ - L S
Bad News: |
Locating the sensor further
= out in the system introduces Aok e .
lags into the control process P . —= =t \
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It will take about 1.5 seconds for an air molecule 3

: to travel the 62 feet from the fan discharge to the H

remote sensor location +
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In a high rise building, that problem will get
worse (about 500 feet and about 12 seconds for
this scale example)

g

[ /L [ L/




VAV System Design
Understanding and Reducing Air System Noise

The Big Bang Theory

The lags introduced into a control process by locating the sensor at a

remote point in the system might cause you to blow up the discharge duct
near the supply fan if you don’t understand lags

This will create a big bang




A Mentoring Story po— | |

The Big Bang Theory ' [CONTROLLER TUNING
Proof: fulb

CONTROL LOOP
1. Learn about PID principles from David St. PERFORMANCE
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A Primer
By David W. St. Clair
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The Big Bang Theory
Proof:
1. Learn about PID principles from David St.

Clair’s book

2. Fail to fully comprehend his discussion

about lags

Chapter 5, Examples of Actual Lags

Thermal Process Lags

This is a rather broad-brush category meant
to include everything but measurement lags.
Process lags, such as heat exchangers, are
not only complex, but the variety of
equipment is broad. These factors combine
to discourage trying to condense the field to
typical numbers. Lags get longer as the
surface-to-volume (mass) ratio decreases.
They cover the gamut from a few seconds to
hours.

Typical Natural Periods

While there are exceptions, control loops on
the same type of variable tend to have the
same natural periods. Flow loops will have
a natural period of 1 or 2 seconds if
transmission lags are short, going up to 5 to
10 seconds for long pneumatic lines. Flow
should be back to normal, after an upset,
within a very short time, say 5 to 10 seconds
for the faster loops. Pressure loops fall in
the same category. They will be fast. The
gain on pressure loops frequently can be
much higher than on flow loops.
Temperature loops tend to be much slower,
as you would expect after this dissertation
on lags. Their natural periods will typically
fall in the range of, say, half a minute to
several minutes. There would be many
exceptions. Composition control loops tend
to be slower still, with natural periods of
several minutes to several hours.

IT ALL DEPENDS ON THE LAGS!
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The Big Bang Theory

Proof:

1. Learn about PID principles from David St.

Clair’s book

2. Fail to fully comprehend his discussion

about lags

3. Comprehend and embrace the two thirds

rule

Fig. 24. Locating Duct Static Presure Semor for
Supply Fan Control.
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Proof: ‘3";1
5. Start up system for first time Bas
6. Trip out on discharge static safety g
7. Sneak set point up %
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The Big Bang Theory

Proof:

Start up system for first time

Trip out on discharge static safety
Sneak set point up r;[::o":;?,'m
Trip out on discharge static safety

9. Sneak set point up
10. Create big bang

11.Comprehend what David meant as fan
spins down
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The Big Bang Theory

Proof:

5. Start up system for first time

6. Trip out on discharge static safety

7. Sneak set point up r;[::o":sfzafm
8. Trip out on discharge static safety

9. Sneak set point up
10. Create big bang

11.Comprehend what David meant as fan
spins down

12.Call Tom




It All Depends on the Lags

David W. St. Clair
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: The controller has to
The actuator linkage react to the change

has to move through
any “play” that exists

The valve plug
needs to move

Steam needs to flow
into the heat exchanger

A volume of air needs
to move through the
line and fill the actuator

The mass of
the sensor
and well
needs to
change
temperature

The warmer water
needs to move to the
sensor location

exchanger and water needs Lags and the
to change temperature Response t() a
Set Point

Change



The Quarter Decay Ratio;

Signature of a Well Tuned PID Loop
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Some Observations

Background Color

CONTROLLED VARIABLE

v

Red to Black is the control system response with
Increasing gains applied to the controller until the
natural period is identified




Some Observations
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CONTROLLED VARIABLE
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Apparent dead time (Lag; L)




Some Observations

Background Color

CONTROLLED VARIABLE
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Apparent dead time (Lag; L)

The Natural Period is about 4 times the Apparent Dead Time
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Apparent dead time (Lag; L)

The Natural Period is about 4 times the Apparent Dead Time
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CONTROLLED VARIABLE
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Apparent dead time (Lag; L)

The Natural Period is about 4 times the Apparent Dead Time
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CONTROLLED VARIABLE

The Natural Period is about 4 times the Apparent Dead Time
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Apparent dead time (Lag; L)

The Natural Period is about 4 times the Apparent Dead Time
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Some Observations

Background Color

CONTROLLED VARIABLE

3 4
Apparent dead time (Lag; L)

The deviation from set point upon an upset with tightly tuned control
loop (gray line) is about the same as a totally un-tuned loop (red
line) at a point in time equal to about half the natural period

The Natural Period is about 4 times the Apparent Dead Time
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Lags,

The Bottom Line
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Getting Rid of Lags;

Sometimes It's Easier than Others

Easier Harder

1. Add positioning relays to valve and 1. Reducing transportation times

damper actuators 2. Reducing the thermal lags
2. Install faster actuators (particularly associated with the size of the
applicable to electric actuators) machinery (mass of coils, fans, duct,
3. Reduce the thermal lag associated pipe, etc.)

with wells by not using them

4. Use tighter linkages to minimize
hysteresis

5. Use ramps instead of acceleration
and deceleration times in VFDs
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A Bit More About Ramps

Acceleration and Deceleration Ramps
times

* Apply all of the time, any time there is a < Only apply when the set point is outside

change in the process some window relative to the control point
* An acceleration setting of1hz/second « Ramps will only apply if the difference
slows things down at start up and between the set point and control
any time there is a change between point is large
control point and set point » If the set point and control point are
* This introduces a permanent lag into inside the window, then the lag drops
the control process out of the picture

* As a result, the response to a minor
variation in set point is much faster
than the response to a step change



