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Building the P&ID

The P&ID will use symbols and circles to
represent each instrument and how they are
inter-connected in the process.

Tempermture Controller
and Recorder

Temperature
Transmitter
Thermometer

2% | Tempemtun
Sensing Bulb
L—
- -~
iU —
Pneumatic

Control
Valve
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Process Analysis and Control P&ID Handout Page 7

Tag Numbers

Tag “numbers” are letters and numbers
placed within or near the instrument to
identify the type and function of the device.

Temperature Recording Controller

6 Temperature Transmitter
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4_ — —pF=— — — Temperature Indicator

Temperature
i 1l
o 5 Sensing Bulb
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Temperature Process

Using pictorial diagrams may be informative however it is not practical or CAD
friendly especially in a mulfti-loop process.

Temperature Controller
and Recorder

Temperature
Transmitter

L Vater

Pneumatic -

Control Valve P
Heat Exchanger
Process Analysis and Control P&ID Handout Page 15
Temperature Controller
and Recorder
Temperature
Transmitter
L \Nater
SteanT—» |—:_,- —_—
T
Control Valve
Heat Exchanger
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ISA S5.1 Identification Letters

First-letter Succeeding- Letters
Measured or Initiating Modifier Readout Output Modifier
vanable function function
A Analysis
C Control
D Differential
F Flow Rate Ratio
H Hand High
I Current Indicate
L Level Low
P Pressure, vacuum
Q CQuantity Totalizer
S Safety Switch
T Temperature Transmit
A" Vibration Valve, Damper
z Position Actuator

15
; ; S The succeeding letter(s) are
;he frgt Jerfe;.is US. eg ’m designate used to designate the function
s e s _— of the component, or to modify
ﬁ/ the meaning of the first letter.
Pressure E Indicator
Level Recorder
Flow Controller
Temperature Transmitter
16

6/12/2020



Common Primary Device Symbols

Level Temperature Pressure What does it mean?

@ ‘_V Indicates only
@ - Transmits only
@ - Indicates and transmits

Indicates and transmits
- (Includes first letter modifier
D for Differential)

Actuated Valve Limit Switch (close)
Solenoid Valve Limit Switch (open)
Speed Controller Vibration Switch
Pressure Switch
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1528 Tag numkber
YValva
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Temp Indicator

Temp Transmitter

Temp Recorder

Temp Controller

Level Indicator

Level Transmitter

Level Recorder

Level Controller
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Flow Indicator

Flow Transmitter

Flow Recorder

Flow Controller

Pressure Indicator

Pressure Transmitter

Pressure Recorder

Pressure Controller

CEOEEEEB

Transducer

Pressure Indicating
Controller

Pressure Recording
Controller

Level Alarm

Flow Element

Temperature Element

Level Gauge

Analyzer Transmitter

19
Valve Symbols
Valves
k= Gate Valve, Hand-operated _@_ Contral Valve
k- Globe Valve, Hand-operated Galonoid Valve
(]
k= Plug or Cock Yalve, Hand-operated E. Miotoroperated
=~ Check “alve
Pistan-
Butterlly Valve E iston-operated
@- Angle Valve, Hand-operated Safety Valve or
Relief Yalve
20
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near the process.

Solid Line

The instrument is
mounted in the
control room
(accessible to the
operator)

No Line

The instrument is
mounted in the field
near the process,
(close to the operator)

Instrument Location

The presence or absence of a line determines the location of the physical
device. For example no line means the instrument is installed in the field

No Line

The instrument is
mounted out of sight
({not accessible to the

operator)

21

General Instrument or Function Symbols

22
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Froosss Analyss and Control

FRID Handou Pags 13

Lactura 4. Weak 3 2012

Piping and Connection Symbols

These symbols are
used to identify how

Capillary tubsing fos
led &ysiems

the instruments in
the process connect
to each other.

And what type of
signal is being

—— used. (electrical,
sl THNTEEN NS NSNS TS pneumatic, data,
- etc)
o somic sagnal
Piping and Conrnection Symbaols
23
INSTRUMENT SUPPLY OR
—
CONNECTION TO PROGESS TP e———{éizk——ﬁ
ELECTRIC SIGNAL - )
SOFTWARE OR DATA LINK o PRESSURE BALANCED DIAPHRAGM ; é Z 5
MECHANICAL LINK e—e—o E
PNEUMATIC SIGNAL ! g HANDWHEEL - USED WITH ANY ACTUATOR
CAPILLARY TUBE L% E
CYLINDER / PISTON
ELECTROMAGNETIC, SONIC, Lo Ay
OPTICAL, OR NUCLEAR SIGNAL S " 2
HYDRAULIC SIGNAL H—t—+ MOTOR OPERATED
EXAMPLES OF INSTRUMENT SIGNALS EXAMPLES OF CONTROL VALVE ACTUATORS
24
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Control valve

I/P converter )
two-wire cable

[ ]

Air supply

25
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Pneumatic signal
4

ispusni valve

26
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Process Analysis and Control

P&ID Handout Page 18

P&ID Exercise

FIC
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123
TT
Irrwlse
Tub 1
Pipe
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3
27
Process Analysis and Control P&ID Handout Page 17
P&ID Exercise
Flow indicating controller that FIC —
/"‘“'“"".5“ S T ey Temperature Flow Indicating Controller
indicating
controller (field
mounted) TIC
FIC SP Temperature Indicating Cont.
— — — 1
123 i = :Data link 1
| | YIC
- — Electrical L 1 PLC Indicating Controller
signal
] ¥ IC 1
{ ™ 123 | TY
i 23 I Temperature Computer
transmitter | Pneumatic | Output
| Temperature” lina I TT
computer '
Al 123 FT
Flow Transmitter
123 Temperature
transmitter
Impulse TT
- Temperature Transmitter
Pipe
Pneumatically. Electrically
actuated valve actuated valve
28
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What is a PLC?

Do you know the 5 parts to a PLC?

L1

1
olae

Lo

r—=am=ao

L2

WB - pg.
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Typical Installation of PLCs
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PLC Ladder Diagram

* PLC’s utilize microprocessors to replace relays
* Different “languages” are used to program
 Ladder logic commonly used because of similarity to relay logic

* Similarity makes it easy to transition from Relay Ladder Logic to PLC
Ladder Logic

35

The PLC Ladder Diagram
is similar to Relay Logic

* Sets of “PLC Instructions” are used by the PLC to examine inputs

* PLC then makes a decision whether or not to provide some type of
output based on this input

* Interpreting the PLC Ladder tells you:
* What inputs the PLC is looking at
* What values the PLC is looking for
* What action (output) PLC will decide upon based on the input values received

36
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The PLC Ladder Diagram

* The PLC Ladder Diagram is prepared by PLC Programmers

* Typically requires adjustments in the field during startup and

maintenance

* Must be familiar with programming and programming software to

make changes to the ladder diagram and effect PLC Operation

37

PLC Addressing X
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Software Addressing

Input switch is CLOSED
Input is HIGH
Address 1:01/06 is ONE

PLC Addressing
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16 Bit WORD

39
The PLC program has its own ladder diagram
L1 L2
01 _____________________________________________ 01
e I Logic in CPU O {}
02| N 01 Ulo2
ol P|  —mml I-—[oz:l— T _®
o34uy({. - —- P (03 1
v T U
T
3 I
L2 L1
40
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The 5 Basic Principles of Successful
Control Circuit Interpretation

Supply Return

Switch Load
"o >

1. Know your basic symbols and have a handy reference.

2. Read top-to-bottom; left-to-right.
3. Current is just looking for a path to return to source.
4. If the control elements allow current flow through a load; the load operates.

5. Follow the print to see what actions the load performs
when it operates.

41
Bit Instructions — (Relay
o —LYDe)
—C "o
X1 X2 ;
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Relay Ladder Diagram Ladder Logic Diagram
42

6/12/2020

21



Pump Cycles to Maintain Tank Level

Fill Pump LO Level
ON/OFF SW Probe
1:0 I:1

HI Level
Probe
1:2

1E3E

B:lF

Internal Bit

B:1

1 —

Fill Pump
Motor Coil
B:1 0:1
JLC ()
4J L L J

43
Pump Cycles to
Maintain Tank Level
Hi Level Probe
1:2
L PLC 0:1 Motor
—> Starter
Low Level Probe
I:1 I
TANK
Motor
44
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Reading and interpreting
basic PLC ladder

diagrams.
l—I.Ll =
o o
Stop Start
In02  Ino1 Out 02
| 'e
I I | \\
Stop Start
XIC XIC

XIC = Examine if CLOSED
XIO = Examine if OPEN

45
Reading and interpreting
basic PLC ladder
diagrams.
L'_L‘ —L-
O [
Stop Start
IN02  Ino1 Out 02
| (
I \
Stop Start
XIC XIC
True False
XIO = Examine if OPEN
46
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Reading and interpreting
basic PLC ladder
diagrams.

I

Stop Start
In02  Ino1 Out 02
I I | ‘e
| \
Stop Start
XIC XIC
True ?

XIC = Examine if CLOSED

XIO = Examine if OPEN

Power Source” AC Mator
100-120V £10%
200-240V £10%
380-480V +10%
500-600V -15%;+10%
P3'0:!' X X (50,60Hz +5%)
Multi-function Input Terminals * Usa teminals L1, L2 for 115V 1-phase
maodals: sse any two of L1, L2, L3 for
(Dll-D|2) 230V 1-phase models. @
Grounding resistance
less than 0.100 =
Settings 00 DII - FWD/STOP e o P;uu
DI2 - REV/STOP fo Siul— Y,
ol DI1 - RUN/STOP
DI2 - REVIFWD o0k
02 DI1 - RUN (N.O. latching input)
DI2 - REVIFWD
DI3 - STOP (N.C. latching input) p DI3
Py
@05
PR
# DCM
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Basic Variable Frequency Drives

Converter Inverter
AC to DC DC Buss DC to AC

Input Power i i ‘
A B C < 1 -I -I -I AC Motor
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™
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\|_Capacitor

Feedback

T O-H0>PrP-+4200

480Vac

L1 L2 L3

Typical 3 Contactor Bypass Option

If there is a problem with the Drive it VED OFF BY
can be By-passed if the Drive has By- PASS
pass contactors

CONTACTOR OVERLOADS
B

L1

oL

)
&)

1
Legend: Contactor
CONTACTOR Position A B C
C
T1
VFD
i 2 OFF
il )
Drive U
By BY-PASS X
|
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51
ACtIVItyZ Draw yOU rown Ladder
Diagram
Constant water flow
from process
Goal:
* Turn on the pump to
drain the tank when we
HighLevel  raach the high level.
* Turn off the pump when
we reach the low level.
* Automatic operation, no
start/stop buttons
Low Level needed.
Water Pump * E-Stop button in case of
\ .
O ) emergencies.
. .. WB - pg. 22
Can you draw a ladder diagram to do this job?

52
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A Possible Solution

Hot Neutral
. Drain Pump
High Level
E-Sto
P Float Switch Motor
1 ‘?. KM\ 2
Low Level
Float Switch
M

: —o}-—l -

53
Electrical
Drawings
Construction Control Diagrams
Plan Views
Elevations Schematic
Details Ladder
One line Vendor Drawings
Wiring Diagram PLC Ladder Diagrams
Schedules
54
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Why Electrical Fundamentals
for Print Reading?

*  You may be able to read a diagram, but

 you won’t be able to interpret unless you can
*  Explain the terminology
*  Trace the current flow path
* Understand device and equipment ratings
*  Explain basic code requirements and wiring techniques

* Understand how one change can effect several drawings

55

One-line Diagrams

* Used in larger commercial and industrial installations
* Indicates the flow path of power throughout the facility

* May encompass several sheets

* Arranged sequentially such that a smooth flow of power throughout the

facility can be followed from one sheet to the next.

56

28



One-line Diagrams

Numbers

* Index of Electrical Drawings

* first sheet of Electrical Drawings

* Numbered as “E-XX" (“E Drawings”)

* Interpretation requires knowledge of symbols and Device Function

* Unique symbols and Device Function Numbers used typically identified

57

Schematic Diagra
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Relay Operation

Stationary
contacts /
Movable
TO
U Loan /_ contacts
7N : I l
SUPPLY “
............... _h , \Contact
. carrier

CONTROL
VOLTAGE
INPUT

L2

6/12/2020

yoke
59
Relay Operation
Stationary
contacts /
Movable
Lo /_ contacts
e S «~—_Contact
carrier
CONTROL
VOLTAGE
INPUT
" Armature
L2
Magnet /
yoke Coil
60
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