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An instrumentation system enables production control by measuring and controlling various physical quantities. For
instance, flow rate, temperature, pressure and liquid level.

This course is intended to equip beginners with the basic knowledge required before performing actual instrumentation
control.
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The contents of this course are as follows.
We recommend that you start from Chapter 1.

Chapter 1 - Instrumentation System
Learn the basics of instrumentation systems.

Chapter 2 - Feedback Control

Learn the basics of feedback control (ON/OFF control, proportional (P) action, integral (I) action, PI control,
differential (D) action, PID control).

Chapter 3 - Control Loop

Learn about the detection section and operation section in the control loop block diagram.

Final Test

Passing grade: 60% or higher.
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Go to the next page Go to the next page.

Back to the previous page.

Back to the previous page

"Table of Contents” will be displayed, enabling you to navigate to
the desired page.

Exit the learning.
Window such as "Contents" screen and the learning will be closed.

Move to the desired page

Exit the learning
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Safety precautions

Before using the physical hardware, please read the Safety Precautions in the corresponding manuals and follow the
relevant safety information contained therein.
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various industries.

- Ironworks
- Chemical factories
- Environmental facilities

- Air conditioning

- Semiconductor factories
- Food factories

- Pharmaceutical factories
- Paper factories

- Power plants, etc.

- Water and wastewater treatment equipment

Instrumentation system is used in production facilities to perform measurement and control operations. It is widely used in

Food machinery

Industrial furnace

Waste disposal facility

Fine chemical plant
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and aging.

Charging and
boiling

Production facilities in a factory can be classified roughly into the instrumentation system that mainly handles feedback
control and the FA system that mainly handles sequence control.
Here are examples of feedback control and sequence control in a beer factory.

Feedback control

In feedback control, processing is controlled by
comparing the target value with the measurement value
obtained by feedback and deciding an amount of
operation required to make these two values match.
It is used to control temperature, flow rates, and
pressure in such processes as charging, fermentation,

Fermentation
and aging

Cooling

Sequence control

In sequence control, step-by-step processing is controlled
according to a given sequence or procedure.
It is used in processing for box packing, conveying and so on.

Box packing

Bottling

Labeling "'T T

Automated
warehouse
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This example shows how feedback control is used to keep the liquid in a tank at a specified temperature.

(13 The temperature detector measures the temperature of the liguid in the tank.

(2 The measured temperature is campared with the target temperature, and the opening of the contral
valie (amount of operation) is decided according to the difference (deviation) hetween the twao values.

(3} The control valve is operated to control the amount of steam which warms the liquid in the tank.

(4} Feedback control involves repeating steps {13 to (3 to eliminate the difference between the liquid
temperature and target temperature.

Target temperature The measured temperature

M easured v is compared with the target
temperature temperature to decide how
Temperature cantrol much to open the control
valve.

(4} Liguid temperature
is measured.

~ Contral valve
)y (Dperation section)

[, ] 4—— Steam

>

Temperature
detector

Tank

Back‘ ’ Next

This type of control, which compares a measured value with a target value and performs an operation to make them
match, is called feedback control.
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Target temperature
v

temperature

2 Temperature
cantral

(41 Liquid

(11 Temperature

AT N

4[ I—l_ ]fgt Bam

(31 Control valve

(1) The target termperature and measured temperature are

The feedback control of liquid temperature in the tank shown in Figure 1.3-1 can be represented by the following block
diagram, Figure 1.3-2,

compared at the comparator,

(2) The steam regulator calculates the amount of operation
according to the deviation and sends the operation signal to the

control valve.

(y Wperation section) — seng steam to the tank.

[
»

Figure 1.3-1

(21 Temperature control (controller)

Target Cumparatnr- |
termperature | 4 — Deviation®
> >

i

Steam regulator

Crperation

; Steam
signal | (3 Controlvabe

(Regulation section)

* Deviation: Difference between
target and measured temperature

"| (Operation section)

(3) The contral valve is operated according to the operation signal to

(41 The liguid temperature in the tank is changed by the steam, and
the temperature detector measures the liguid temperature again.

Steps (1) to (4) are then repeated.

<1 Tank
(Contraltarget)

Tank liquid
temperature

11 Temperature
detectar

Measured termperature (feedback signall | (Detection section)

Figure 1.3-2

According to this block diagram, feedhack control works as follows. Back‘ b MNext
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Comparatar

Feedback control is also used to control flow rate, pressure, and liquid level in addition to temperature.
Figure 1.3-3 shows a general block diagram for feedback control and Table 1.3-1 explains the individual terms.

Disturbance

Target value 4 O peration Arnount of
Deviation* i ; ; trol
> Regul;tmn sighal N Opers_utn:un » Contral target contro
zection sectioh
* Deviation: Difference hetween target value and measured value
M easured value Detection
(Feedback signal) section
Contral oap
Figure 1.3-3
Term Explanation
Comparator | Compares the target value and measured value.
Regulation Based on the target value and measured value, generates a signal required for the
section controller to perform intended operations and sends the signal to the operation section.
Operation Converts the operation signal received from the regulation section into an amount of
section operation and acts on the control target to create a change.
Control target | The whole or part of machines, processes, and plants subject to control
Detection Extracts the signals required for controlling from control targets such as sensors.
section

Disturbance | An unexpected change in environment that disturbs the control

Control loop | Returns the operation results to the regulation section. A unit of measurement control

Table 1.3-1
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This section explains ON/OFF control which is the simplest type of feedback control.
ON/OFF control means to turn ON or OFF the control section depending on whether the deviation (target value - measured value) is
positive or negative.

Figure 2.1-1 shows how ON/OFF control changes the status of the control valve and liquid temperature.

As shown in Figure 2.1-1 (1), when the temperature of the liquid falls below the target value, the control valve is fully opened (ON) to
feed steam.

When steam is fed, the liquid temperature does not rise immediately, but begins to rise after a while and then exceeds the target value
as in (2). When the temperature exceeds the target value, the control valve is fully closed (OFF) to stop feeding steam.

However, the liquid temperature does not fall immediately but begins to do so after a while.

Under ON/OFF control, liquid temperature is not constant but varies repeatedly as shown in Figure 2.1-1.
P control (proportional control} was invented to solve this problem as follows.

/— Fully open {0y when the deviation darget value \

measured value) is a positive value

Inside cantral valve) Amaunt of Fully closed {OFF) when the deviation itarget
CEErEEn - value - measured value) is a negative value
Full Fully apen f Cpening of control valve
¥] open || PHIWMRELSCTT————7TTTYTTTYTTOTO 1TUTTTYT 1T
7o (ON)
—_—
— XS
QMIJFF control s Steam Fully s .
Tank (OFF)

I
1
1
]
1
Cantral valve Target value
i i
I

(Dperation section) Liguid temperature
A A 7 AN S50 1 I /.
+— Steam

ha
Temperature % . Measured value

-

detector —
e ——— Figure 2.1-1 ULits
\Back‘ ' Next /

Temperature &

@X oN/OFF Control ) .
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proportional action.

according to the deviation.

amount of steam supplied.

(Figure 2.2-1)

Deviation Step-shaped deviation

L J

Time

*
Crperation amaunt when kKp = 2

Cperation

amaunt D peration amount when Kp = 1

Dperation amaount when kKp = 0.4

A >
Figure 2.2-1 /\ Tirme

key paint

The larger the proportional
gain {kp), the greater the
effect of proportional contral.

Tank

An action that outputs an operation amount proportional to the deviation (target value - measured value) is called

Proportional action can reduce fluctuations in liquid temperature by controlling the control valve opening gradually

The operation amount of proportional action is given b}.r:|operation amount = proportional gain (Kp) x deviation. | Even with

the same deviation, as the proportional gain becomes larger, the operation amount becomes larger, which increases the

As the proportional gain becomes smaller, the operation amount becomes smaller and this decreases the supply of steam.

The operation amounts of proportional actions for a step-shaped deviation are shown below.

Ihgide contral valkve

®

Temperature

detector

Let's check the operation
of the control wahie.

Proportional control

/ \ Contraol

£

=]
-
=]
"

valve
(O peration
section)

= ,

[Preporticnal gain setting]

| Proportional gain (Kp): 2 |

| Proportional gain (Kp): 1 |

|Proportional gain (Kp): 0.5 |




Proportional control
(Small proportional

gain)

Time

Figure 2.2-2

deviation or residual deviation).
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Figure 2.2-2 shows how the control result of proportional actions differs depending on the magnitude of
proportional gain. (The control result means the effect of proportional control of liquid temperature in the tank.)
Adjusting the control valve little by little reduces liquid temperature fluctuations.
MEE?UfEd When Response becomes slower, but the
value 4 : .
(Water firopoftiensl ceiitsol pr?p?rhanal m_easured value sh|f1:s l.fp and down.
temperature) (Large proportional gain) gain is large (Likely to cause oscillation (also called
\ Offset the Hunting oscillation))
Fargeh: drrrrrrr e o R 1 When Response becomes slower.
value - proportional (It takes time to reach the target
gain is small value)

Key point

Proportional control causes
offset and fails to match the
target value.

Proportional action can reduce liquid temperature fluctuations but cannot make the measured value match the
target value even after some time, leaving a deviation. This remaining deviation is called offset (steady-state
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Measured ,
value PI control

Targe.t ....t\i.uuuuuu“..........

value _.--} """"""""" -
- Proportional

control Offset

—

Figure 2.3-1 Time

to eliminate the offset.

With proportional action, the measured value and target value do not match even after a long time, leaving an offset.
To eliminate this offset, integral action is used.
Integral action eliminates the offset by integrating past and present deviations over time and outputting the result.
(Figure 2.3-1)
Integral action is used in combination with proportional action as “PI control”.

The smaller the integration time, the faster the offset is eliminated. The greater the integration time, the more time it takes

Figure 2.3-2 shows the differences of integration effects of PI control depending on the length of integration time.

A P1 control

Measured
value

Target
value

(Short integration time)

r'd

!

PI control
(Long integration time)

Eliminates the offset faster but likely to

et e R Ul cause oscillation,

Changes measured values smoothly
e (e R Cll but takes time to eliminate the offset.

Key point
The shorter the integration time, the
greater the integration effect.

Figure 2.3-2

Time

> LT he offset is eliminated faster.)
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Response to disturbance

Mevaaisuu?d ' (without differential action)
Target
value
Disturbance
A

time

Longer
differential time

Short differential

To minimize the effect of disturbances to the control target, differential action adds an output which is proportional to the
rate of change of deviation (deviation differential) to the proportional activation output.

This action is generally used in combination with PI control as "PID control"”.

Figure 2.4-1 shows the difference in response of the control target with or without differential action used against deviation
changes caused by the same disturbance (disturbance A). Adding the differential action reduces the effect of the

Response to disturbance

Miﬁﬂfd 1 {(with differential action used Adding the differential
oy .f action improves the
Target PR * | response to disturbance
value _ (faster convergence to
EABTpenEL the target value).
Time
Figure 2.4-1

The longer the differential time, the greater the operation amount by differential action and the larger the differential effect.

Decreases the differential effect.

Increases the differential effect
but is likely to cause oscillation.

Key point

The longer the differential
time, the greater the
differential effect.
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control, and PID control.

A

Measured

value PID control PI control

PID control adds the integral action and differential action to the proportional action that outputs an operation amount
proportional to the deviation. The integral action eliminates the offset by adding the operation amount obtained by
integrating the deviation. The differential action improves the response to disturbances by adding an operation amount
according to the rate of change of deviation. Figure 2.5-1 compares the control responses of proportional control, PI

Target | - - - - X\- _____ pp—
value

Offset

Proportional
control

ssssssseeses=

Figure 2.5-1

Time
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PI control is often used for controlling flow rate and pressure because the process responses are fast enough with PID
control alone. Besides, differential control may also amplify measurement noise and destabilize processes.
For temperature control, the process responses are generally slow and therefore PID control is often used.

Control target Control Considerations

Flow rate, PI Flow rate and pressure response fast enough with PI control alone. Differential action
pressure may amplify noise and destabilizes process responses.

Temperature PID Temperature generally responses slowly.
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In PID control, the terms "normal action” and "reverse action" are used depending on the direction in which the operation

amount changes according to the changes in measurement values.

The normal action and reverse action are explained below using an air conditioner as an example

Normal action: Increases the operation amount {cooling output) as room temperature rises when cooling.
Reverse action: Increases the operation amount (heating output) as room temperature falls when heating

Cooling

Thermo-
~ meter -

‘H‘

RT Ul.!‘l:put
uUpP

Heating

Thermao-

—

meter |

lrf

RT Output
DOWN UP
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Feedback control can be classified into two types of control depending on the target value setting mode: constant
control and tracking control.

@ Constant control
Control with a constant target value, such as for controlling pressure or temperature to keep it fixed at a given value

® Tracking control

Control with a target value which changes over time. It is also called follow-up control.

Tracking control is further classified into two types: program control that changes the target temperature over time
according to a specified pattern, and ratio control that keeps ratios constant, such as the air-fuel ratio in
combustion and liquid ratio when mixing two or more liquids.
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control loop.

Comparatar

Regulation

L et |

> Cperation

section
e

QRIOFF control and
PID control, ete. are
performed.

section

> Cantrol

-

Detection

section

|
o

A typical example of the detection section and operation section is explained for the following block diagram of a

target

Specific examples
are introduced an
the fallowing
pages.

-
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The table below lists typical sensors used to detect flow rate and temperature. Differential pressure
transmitter
Detection 5 r'f
target Detection method
Flow rate Differential pressure: Throttle mechanisms (orifice, —Tj’——rp S Orifice

venturi, etc.) | 1
Electromagnetic: Electromagnetic flow meter <: Ul

Positive displacement: Roots type and oval gear type [ D|ﬁerent|a| pressure transn’ntterl

Others (Coriolis, ultrasonic, vortex, etc.)

Temperature | Thermocouple, resistance thermometer, radiation
thermometer \ "u"entun

Pressure, Electric: Resistance wire and piezoelectric types
differential | Elastic: Bourdon tube, diaphragm, and bellows types
RS Liquid column: U-shaped tube and single-tube types

Termlnal

box Terminal

Liquid level | Differential pressure, float, electrostatic capacitance,
and ultrasonic types

Chemical pH meter, oxygen meter, residual chlorine meter, COD
compounds | meter, H, meter, CO, meter, gas chromatograph, etc. 1

Pmtectiue/’j Thermocouple wire
tube i (Thermal contact)

e

Thermocouple




-
kil FA_Eguipment_for_Beginners{ProcessControlSystem)_ENG

BB

m Operation Section

) oo

An example of the operation section is shown below.

Type Mechanism
Control | Pneumatic | Pneumatic control valve
valve Electric Electric valve, solenoid valve, etc.
Others Hydraulic control valve, etc.
Others Speed control system (inverter, etc.)
Solid state relay, power conditioner,
etc.

Pneumatic pressure

Diaphragm l

Pneumatic control valve
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MNow that you have completed all of the lessons of the FA Equipment for Beginners (Process Control System) Course, you are
ready to take the final test. If you are unclear on any of the topics covered, please take this opportunity to review those topics.
There are a total of 9 questions (24 items) in this Final Test.

You can take the final test as many times as you like.

How to score the test
After selecting the answer, make sure to click the Answer button. Your answer will be lost if you proceed without

clicking the Answer button. (Regarded as unanswered question.)

Score results
The number of correct answers, the number of questions, the percentage of correct answers, and the pass/fail

result will appear on the score page.

Coirecl answers 3

Total qusstions 10 To pass the test, you havg to
answer 60% of the questions
correct.

Parcentage 0%

| Proceed | | Review | | Retry |

» Click the Proceed button to exit the test.
» Click the Review button to review the test. (Correct answer check)
= Click the Retry button to retake the test again.
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Control of instrumentation systems

The production process in the beer factory includes a process centering on sequence control and a process centering on
feedback control. Select the applicable option in each box.

Sequence control | —-Select-- v

Feedback control | --Select-- v

Answer ] I Back ]
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Feedback control

Select the appropriate option in each box corresponding to Q1 to Q4 in the block diagram of feedback control.

Amount

of
control

Answer ] [ Back ]

Disturbance
_ --Select--
Target 4 Operation
Deviation P
Value > --Select-- |j—sianal o}/ --Select-- Control target
Measured value
--Select-- Y
(Feedback signal)
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Proportional (P) action

Select the appropriate option in each box of the following text to complete the description about proportional action.

In proportional action, as the proportional gain becomes larger, the amount of operation |_--Select-- | ¥ but

it is likely to cause | --Select—- v .

The proportional action also has the problem that the measured value does not match the target value even

after time has passed and | --Select-- ¥ |remains.

Answer ] I Back ]
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Integral (I) action

Select the appropriate option in the box of the following text to complete the description about integral action.

Integral action | --Select-- ¥ | the integration effect as the integration time becomes longer.

Answer ] [ Back ]
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Differential (D) action

Select the appropriate option in the box of the following text to complete the description about differential action.

In differential action, as the differential time becomes longer, the differential effect | --Select-- ¥

but it is likely to cause | —-Select-- ¥ .

Answer ] I Back ]
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Types of feedback control

Select the appropriate option in each box of the following text to complete the description about the types of
feedback control.

Feedback control includes ON/OFF control that turns on or off the operation section depending on the

positive/negative deviation, | —-Select-- ¥ combining proportional action and integral action,

and | --Select-- ¥ \combining proportional action, integral action, and differential action.

Answer ] ’ Back ]
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Features of Each Type of Control Target

Select the appropriate option in each box to complete the descriptions about the features of individual types of control
targets and the types of control appropriate for them.

Generally, for flow and pressure control, control responses are | ¥ |and therefore| ¥ |control is
suitable.
For temperature control, control responses are | ¥ and therefore | ¥ control is suitable.

Answer ] I Back ]
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Constant control and tracking control

Select the appropriate option in each box of the following text to complete the description about constant control and
tracking control.

The type of control over a constant target value is called | —-Select-- vl
The type of control over a target value that varies over time is called | --Select-- ¥ and is further
classified into | —-Select-- ¥ |and ratio control.

Answer ] [ Back ]
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Components of control loop

Select the appropriate option in each box of the following text to complete the description about the components
of a control loop.

Flow meters include | --Select-- ¥ flow meters having | --Select-- ¥ land venturi as throttle

mechanisms and positive displacement flow meters having the roots type and | --Select-- ¥ | mechanisms.

Answer ] [ Back ]
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You have completed the Final Test. You results area as follows.
To end the Final Test, proceed to the next page.

Correct answers : 0
Total questions : 0
Parcentage : 0%g
Proceed ] [ Review l I Retry ]

You failed the test.
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You have completed the FA Equipment for Beginners (Process Control System) Course.

Thank you for taking this course.

We hope you enjoyed the lessons and the information you acquired in
this course will be useful in the future.

You can review the course as many times as you want.

Review‘ ‘ Close ‘




