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Chapter Outcome:

End of the chapter, you should be able to:

1. Describe basic components of P & ID 

2. Describe basic control instruments

 Sensors and transmitters

 Controller

 Final control elements 



Piping & Instrumentation Diagram (P&ID)

 A piping and instrumentation diagram/drawing
(P&ID) is a diagram in the process industry which
shows the piping of the process flow together with the
installed equipment and instrumentation.

 P & ID shows the interconnection of process equipment
and the instrumentation used to control the process.



Piping & Instrumentation Diagram (P&ID)

 Each instrument may be represented on diagram 
by a symbol which follows specific standard 
representation

1. PETRONAS Technical Standard (PTS)

2. Standard ISA-5.1 (ISA stands for International 

Society of Automation) 

 The symbol may be accompanied by a tag
number



Example of P & ID

5

EXAMPLE – P&ID



Example of P & ID- Zoom in
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EXAMPLE – P&ID zoom-in



Example of PFD



Example of PFD-Zoom in
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List of P & ID Items

o Instrumentation and designations

o Mechanical equipment with names and numbers

o All valves and their identifications

o Process piping, sizes and identification

o Miscellanea - vents, drains, special fittings, sampling lines, reducers, 
increasers and swagers

o Permanent start-up and flush lines

o Flow directions

o Interconnections references

o Control inputs and outputs, interlocks

o Interfaces for class changes

o Computer control system input

o Identification of components and subsystems delivered by others



P & ID Components

Equipment symbols Instrument Line Symbols

Basic Instrument or 
Function Symbols

Tag Numbers



Equipment symbols

Tray 

column

Kettle Reboiler Heat exchanger

Centrifugal 

pump
Cooling Tower Control valve



Basic Instrument or Function Symbols



Equipment Symbols

The device is normally inaccessible to the operator
(behind the panel).

The device is field mounted (located in the process area of
the plant)

The device is located in the primary location normally
accessible to the operator (the central control room).

The device is located in an auxiliary location, normally
accessible to the operator (a local panel or on the starter
cassette in the motor control centre).



Instrument Line Symbols



TIC 103

T    103 - Loop identification

103 - Loop number

TIC - Functional Identification

T - First letter

IC - Succeeding Letters

Tag Number



Identification Letters







Control-Loops



Control Instrumentation includes

Sensor

Transmitter

Controller

Transducer (Signal converter)

Final Control Element

Control Instrumentation

1

2

3

4

5



Sensors

Sensors are the first element in the control loop to measure
the process variable, they are also called primary elements.

Process Variable Sensor

Pressure Diaphragms, strain gauges, capacitance 

cells

Temperature

Flow Rate



Signal Transmission

Reactant A

Product B

Steam

TTTC

CONTROL 
VALVE

TEMPERATURE 
TRANSMITTER

TEMPERATURE 
CONTROLLER

TRANSMITTED
SIGNALS

I/PCURRENT TO 
PRESSURE 

CONVERTER

4-20 mA

4-20 mA

3-15psi

Ts

Signal Transmission in Feedback Control System



Standard Transmission range

 The advantage of having a standard range or using
digital signals is that all equipment may be purchased
ready calibrated.

 For analogue systems the minimum signal (Temperature,
speed, force, pressure and so on ) is represented by 4
mA or 0.2 bar and the maximum signal is represented by
20 mA or 1.0 bar.



Transmitter

A transmitter is a device that converts a reading from a 
sensor or a transducer into a standard signal and transmits 
that signal to a monitor or controller. 

Transmitter types include:

• Pressure transmitters

• Flow transmitters

• Temperature transmitters

• Level transmitters

• Analytic (O2, CO, and pH) transmitters



Transmitters

Transmitters are specified by their zero, range, span and
gain:

Zero : The minimum input of the transmitter

Range : The range of the input of a transmitter as identified by
its minimum and maximum value.

Example. The range of a temperature transmitter is 10oC 
to 100oC

Span : The maximum input(output) minus minimum input
(output)

Gain : Output span divided by input span

SpanInput

SpanOutput
Gain 



Transmitted Standard Signals

Electronic

4 - 20 mA

1- 5 V

Pneumatic

3 - 15 psig
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PID Controller

The controllers will have knobs/buttons to adjust

• Set point

• Control Mode (Automatic/manual)

• Proportional gain (Proportional band)

• Derivative time (Rate time)

• Integral time (Reset rate)

It will display

• current values of CV, MV and set point

• trend of the CV and MV

http://www.google.com.my/imgres?imgurl=http://wpa.ie/portals/0/Lumel/Controllers/RE72/RE72 PID valve controller- on off control.jpg&imgrefurl=http://wpa.ie/Products/Control/ProcessControllers.aspx&usg=__CDlKJ0EfLDKsUzFCyMQRfemOmEM=&h=336&w=373&sz=17&hl=en&start=78&zoom=1&tbnid=5OQ7wX3BUjHx1M:&tbnh=110&tbnw=122&ei=irNdT4-pHIXKrAe9062WDA&prev=/search?q=PID+controller&start=63&hl=en&sa=N&rlz=1T4GGLR_enMY367MY376&gbv=2&tbm=isch&itbs=1
http://www.google.com.my/imgres?imgurl=http://wpa.ie/portals/0/Lumel/Controllers/RE72/RE72 PID valve controller- on off control.jpg&imgrefurl=http://wpa.ie/Products/Control/ProcessControllers.aspx&usg=__CDlKJ0EfLDKsUzFCyMQRfemOmEM=&h=336&w=373&sz=17&hl=en&start=78&zoom=1&tbnid=5OQ7wX3BUjHx1M:&tbnh=110&tbnw=122&ei=irNdT4-pHIXKrAe9062WDA&prev=/search?q=PID+controller&start=63&hl=en&sa=N&rlz=1T4GGLR_enMY367MY376&gbv=2&tbm=isch&itbs=1


Controller action

REVERSE
ACTION

CONTROLLER
(Kc > 0 )

Controller
Output

Measured 
Value

DIRECT
ACTION

CONTROLLER
(Kc < 0 )

Reverse or Direct Action:

Controller
Output

Measured 
Value



Controller Action: Example 

Reactant A

Product B

Steam

TTTC
Ts

For the temperature control system shown below. Determine, the
controller action if the valve is air-to-open (ATO).



Controller Action: Example

Solution

 Overall action: When the temperature inside the tank increases
the steam flow rate should be decreased.

 Control Valve: It is given that the control valve is direct acting.
This means, to get a decreased steam flow rate the control output
should also decrease.

 Controller action: The controller action should be reverse since
increase in measured output requires decrease in controller output.

Controller Control valve
measurement

+ -
ATO

-
Reverse acting



Final Control Elements

 Final control elements: Part of the control system that
receives decision from the controller and adjusts the
manipulated variable.

 Examples of final control elements

o Control valves

o Variable speed motors

o Variable resistance heater

 Control valve is the most common final control element
in process industries.



Types of Control Valves

Control Valves

Sliding stem valves
- Globe valves
- Gate valves

Rotating shaft valves
- Butter fly valves

- Ball valves



Sliding shaft valve Rotating shaft valve

Direction of  

shaft movement

Types of Control Valves



Ball Valve

Butterfly valve

Rotating Shaft Valves



Sliding Shaft Valves



Control Valve - Schematic



Types of Control Valves: Comparison

Rotary valves (butterfly valves) are generally cheaper
than linear valves in sizes above 2 in (50 mm) and globe
valves are the most effective for control purpose in sizes
< 4 in.

Bodies require minimum space for installation (small
face to face dimension).

They provide high capacity with low pressure loss
through the valves.

The most economical for larger pipe-size applications.



Essential Features of a Control Valve

The following are the most essential features of a valve
related to control

Valve action/ fail safe position

Valve size

Valve characteristics

Rangeability

Cavitation



Essential Features: Valve Action

Valve fail safe position is the position of the valve in the
emergency situation of no compressed air to the valve.

Fail Closed (Air to open) valve is a valve that is
completely closed when the compressed air to the valve
fails.

Fail open (Air to close) valve is a valve that is completely
open when the compressed air to the valve fails.



Fail Open (Air to close), 
reverse acting valve

Essential Features: Valve Action

Fail Closed (Air to open), 
direct acting valve



Essential Features: Valve Action

Fail closed valves are direct acting since increase in air
pressure causes the valve to open more.

Fail open valves are reverse acting since increase in air
pressure causes the valve to close.

The main consideration in selecting the valve fail position
(action of valve) is safety.

When the safest position of the valve is open, we order
Fail Open (FO)/ Air to Close valve (ATC).

When the safest position of the valve is closed, we order
Fail closed (FC)/ Air to Open (ATO) valve.



Essential Features: Valve Action

Examples:

Specify the appropriate fail safe position of the valve in the
following services:

o A flammable solvent is heated by steam in a heat
exchanger. The valve manipulates the flow of steam.

o A stirred tank heater contains a liquid polymer that is
heated by steam. When the temperature is low in the tank
the polymer solidifies and damages the tank, the stirrer

and pump and other components.



Essential Features: Valve Action

 The inherent characteristic is the relationship between
the valve flow capacity and the valve travel when the
differential pressure drop across the valve is held
constant.

 Since valve flow is a function of both the valve travel and
the pressure drop across the valve, it is traditional to
conduct inherent valve characteristic tests at a constant
pressure drop.



Essential Features: Valve characteristics

Typical inherent valve characteristics

linear

equal percentage

quick opening



Essential Features: Valve characteristics

1)(  xxf 

xxf )(

xxf 5.21)(  

Quick opening

Linear

Equal percentage

Approximating 
Equations

 = 20 to 50



Essential Features: Valve characteristics

Under the specific conditions of constant pressure drop, the
valve flow becomes only a function of the valve travel and
the inherent design of the valve trim.



Linear Flow Characteristic

 A valve with an ideal linear inherent flow characteristic
produces flow rate directly proportional to the amount of
valve plug travel, throughout the travel range.

 Select a valve with linear characteristic when variation in
the systems pressure drop is fairly constant

Essential Features: Valve characteristics



Equal-Percentage Flow Characteristic

For equal increments of valve plug travel, the change in flow rate is
expressed as a constant percent of the flow rate at the time of the
change.

Example :- The following percent flow rates are given below for an
equal percentage valve. Determine the flow rate when the valve
moves to 30%.

Use a valve with equal percentage characteristics for systems that have
significant variation in the systems pressure drop.

Essential Features: Valve characteristics
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Quick-Opening Flow Characteristic

 A valve with a quick opening flow characteristic provides
a maximum change in flow rate at low travels.

 The curve is basically linear through the first 40 percent
of valve plug travel.

 Use control valves with quick-opening flow characteristics
for applications where valve dynamics is not essential,
they are cheaper.

Essential Features: Valve characteristics



Essential Features: Rangeability

 Rangeability (turn-down ratio) is the ratio of the
maximum controllable flow to the minimum controllable
flow.

 It is the measure of the width of the operating flows the
valve can control.

 Commonly used relation

 Valves with high rangeability allow wide range of flow
adjustment

positionstemvalveatFlow

positionstemvalveatFlow
tyRangeabili

%5

%95




Example: For constant pressure drop across the valve estimate
the rangeability of linear, equal percentage and quick opening
valve use  =25, 50 and 100 for equal percentage and quick

opening valve.
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tyRangeabili

Linear

Quick opening

Equal percentage

 25 50 100

Quick opening 3 2.6 2.3

Equal percentage 18 33.8 63

Essential Features: Rangeability



Essential Features: Valve Sizing

 Valve sizing is a compromise between two important
factors: pumping cost and control performance.

o small valves cause high pressure drop resulting in high
pumping cost but are good for control performance.

o Larger valves cause less pressure drop resulting in less
pumping cost, however, control performance is poor.

 Note that if the pump is already selected, smaller valves
means they can not deliver the required flow rate.



Essential Features: Valve Sizing
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The Bernoulli equation between point 1 and 2

The valve sizing equation for liquids

V-1



Essential Features: Valve Sizing
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Simplifying and rearranging

Using continuity equation Q = v A and  = w sg  and rearranging 

Q = flow rate (gpm)

sg = specific gravity

DP =pressure drop (psi)



Essential Features: Valve Sizing

sg

P
CQ v




P

sg
QCv




Cv is the number of US gallons per minute of water at

60oF with a pressure drop of 1 psi across the valve

Collecting constant terms for a given valve of a given
geometry as CV and rearranging we get the Valve Sizing

Equation.



Essential Features: Valve Sizing

Steps for Selecting Control Valve

 STEP 1 : Determine the design flow rate and pressure drop across 
the valve

 STEP 2:  Calculate CV

For liquid service:

For gas and steam services:

formula varies from manufacturer to manufacturer. Consult control
valve manufacturer.

P

sg
QCv




Q - flow rate (gpm)
sg - specific gravity
DP - pressure drop (psi)

 STEP 3: Select the appropriate valve size from
manufacturers catalogue using Cv in consultation with the

manufacturer.



Control Valve sizing


