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Very important Questions to be an Instrumentation Engineer

 Why should We Calibrate?

e What is calibration?

* Risk Involved in Not Calibrating an Instrument !



Why should We Calibrate?

* Testing a new instrument.

* Testing an instrument after it has been repaired or modified.
* Periodic testing of instruments.

* Periodic testing of instruments.

* Testing after the specific usage has elapsed.

* After events such as:

1- An instrument has had a shock, vibration, or exposure to adverse
conditions, which can put it out of calibration or damage it.

2-Sudden weather changes.



What is calibration?

1- a calibration is a comparison of measuring equipment against a
standard instrument of higher accuracy to detect, correlate, adjust,
rectify and document the accuracy of the instrument being compared.

2- calibration of an instrument is checked at several points throughout
the calibration range of the instrument. The calibration range is defined
as “the region between the limits within which a quantity is measured,
received or transmitted, expressed by stating the lower and upper
range values.” The limits are defined by the zero and span values.



Risk Involved in Not Calibrating an Instrument !

1. Safety procedure: In case of instruments involving perishable
products such as food or thermometers with area of sensitive

nature, un-calibrated instruments may cause potential safety
hazards.

2. If the instrument is improperly calibrated, the chances of faulty or
questionable quality of finished goods arises. Calibration helps
maintain the quality in production at different stages, which gets
compromised if any discrepancy arises.



Type Of Field Instruments .

Pressure, (Indicators, switch, Transmitters, differential).
Level, (Indicators, Switch, transmitters).

Flow, (Indicators, Switch, transmitters).

Temperature , RTD+TC (Indicator, Switch, transmitters).
Valves , MOV, ON/OFF valves,& Manual Valves.

PH, Conductivity , PH analyzer & Conductivity transmitter.
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Type Of Pressure detector

Barometer

U-Tube Manometer
Bourdon Tube.
Bellows.
Diaphragm.
Capsule.
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DP Capsule.
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Diaphragm




Capsule Gauge

Figure 3
Capsule




Differential Pressure Transmitters (DP capsules)
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Type Of Valve Manifold












Pressure
1- Pressure Indicator, Gauge PI. PG

1. Apply pressure from any pressure source or Dead weight tester.

2. Increase the pressure source in steps of 25 % (0 ~ 100%) of gauge
full scale.

3. Decrease the pressure source in steps of 25 % (100 ~ 0%) of gauge
full scale.

4. All calibration procedure shall be recorded in a certificate.
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2- Pressure Switch , PSH

1.
2.
3

Apply pressure from any pressure source or Dead weight tester.
Use digital multi-meter in Ohms mode.

Connect digital multi-meter leads to common and Normal close
contact NC (NO contact may also use but care should be taken
while connecting to the live circuit wiring details should followed).

Start increasing the pressure value from the injector until reaching
the required actuated set point of the switch; at this point the
multi-meter should indicate that the switch NC contact opened.

Decreasing the value of the injector with watching the multi-meter
value to check the reset point of the switch.

In case of mismatch set point trimmer should be adjusted.
All calibration procedure shall be recorded in a certificate
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3- Pressure Switch , PSL

1.
2.
3

Apply pressure from any pressure source or Dead weight tester.
Use digital multi-meter in Ohms mode.

Connect digital multi-meter leads to common and Normal close
contact NC (NO contact may also use but care should be taken
while connecting to the live circuit wiring details should followed).

Start increasing the value of the pressure source above the required
set point value.

Start decreasing slowly the switch should actuated bellow the set
point value; watching the multi-meter to check whether the contact
changed or not.

Increasing one more time above the set point to check the reset
point.

All calibration procedure shall be recorded in a certificate.



LAl Jua g (Sl
NC,NO

electricalengineenn /

baal) Fldal Jidlall cas )
pressure switch



4- Pressure Transmitter

1.

6.

Connect a pressure source (Druck device), HART communicator, and
a digital readout device to the pressure transmitter (Multi-meter).

Establish communication between the transmitter and the HART
communicator; 250 Ohms resistor may use.

Apply pressure from the pressure source device from 0~ 100 % of
measuring range of the given loop; approved calibration values
should be used.

Decrease the pressure from 100 ~ 0 % in steps of 25% of the given
calibration values.

In case of any mismatch of the calibration values then sensor
trimming is required.

All calibration procedure shall be recorded in a certificate.
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5- Differential Pressure Transmitter

1.

Connect a pressure source (Druck device), HART communicator, and a digital
readout device to the pressure transmitter (Multi-meter).

Establish communication between the transmitter and the HART
communicator; 250 Ohms resistor may use.

Apply pressure from the pressure source device to HP side from 0 ~ 100 % of
measuring range of the given loop in steps of 25 %; approved calibration values
should be used.

Decrease the pressure from 100 ~ 0 % in steps of 25% of the given calibration
values.

While injecting the pressure from source device keep LP side vented.

In case of any mismatch of the calibration values then sensor trimming is
required; in case of installation the transmitter in lower place so suppression
values should be taken to compensate the level difference between the
transmitter port and process tapping point.

All calibration procedure shall be recorded in a certificate
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Digital Multimeter to

Measure current

A +0-24Volts

Power Source
250 ohm

wfe - DP cell or Transmitter

Pressure gauge

L

LI;H Vented to Atmosphere

Pressure Source
e.g Hand pump or
process pressure




1.

2.

3.

4.

Flow Measurements
Flowmeters are grouped into four classes:

DP flowmeters
Velocity flowmeters
Mass flowmeters

Positive displacement flowmeters (also called volumetric
flowmeters)



Other 17.1%

Ultrasonic 3.3%

Turbine 10.3% DP Flowmeters
50.8%

Vortex 4.3%

Magnetic 9.7°

Coriolis 4.5%




DP Flowmeters

- Most common type of flowmeter.

- Flowmeters in this class measure the differential pressure (DP) caused by an
obstruction in the flow stream

- DP flowmeters work because of the equation of continuity and Bernoulli’s
principle.

V1Al=V2A2
- The flow equation used for DP flowmeters is based on Bernoulli’s equation,
which shows that flow rate (Q) is proportional to the square root of

differential pressure
Qo /AP



Energy per unit volume before = Energy per unit volume after

1 2 1 2
B + ,pvy + pgh, = P, +,pv, + pgh,
A\ /\ /\
Pressure| |Kinetic Potentiall
Energy 52,6 ;gn)./t |:E>2re L?\Yt The often cited example of the
volume volume Bernoulli Equation or "Bernoulli
, Effect” is the reduction in pressure
Flow velocity Fiow velocity J which occurs when the fluid speed
V, Vs /\ increases.

P - Increased fluid speed,
1 decreased internal pressure.
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Magnetic flowmeter



Type of DP flowmeters Detector

Orifice plate

Pitot tube

Wedge flow element
V-cone

Venturi tube

Flow nozzle

Elbow
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Orifice Plate
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Pitot Tube

—+Static Pressure
Fluid Flow |- Sensing Ports

High (Impact)
Low (Static) Pressure Tap Pressure Tap




| Pitot tube




Wedge Flow Element
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Velocity Flowmeters

1. Magnetic flowmeter
2. Vortex flowmeter
3. Turbine flowmeter

4. Ultrasonic flowmeter
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Magnetic flowmeter sensor construction

ltem Description

01
02
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10
1

Colls

Tube
Process connection

Punch plate
Electrode
Isolation plate EMF
Excitasion cable
Signal cable

Flow velocity - Magnetic field 3

Earthing ring .
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| r— }Electromotive force'E

}Exciting current

Excitation coil

Lining o\ Measured fluid )6/
= Pipe
| Flow velocity: V

Electromotive
force. E

Magnetic field

(magnetic flux
density): B

Inner diameter:D



Sensing
Electrodes
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Lining

Flange SST Pipe



Vortex flowmeter

piezo electric sensor
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Turbine flowmeter

Sensor housing

i Cable
Hall-Sensor

| —"

Pipe section

Guiding blades



Connections to data
logger

Turbine wheel




Ultrasonic flowmeter

> Ultrasonic Flowmeters

-

Transducer B






Transducer A
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Mass flowmeters , Coriolis Mass Flowmeter

Left pickoff coil

Right pickoff coll

Tube vibration



Tube Oscillatory motion applied to a single tube
oscillation
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Fluid force
www.instrumentationtoolbox.com
Fluid force e The complete loop is twisted by an amount

that is directly and linearly to the mass flow
rate of the fluid

------ Fluid force

Tube
oscillation



- Pickup coils

—— Tube lcops

Drive coils

-
R ——

Mass bar

Torsion Rod

Electrical junction box

Fiange connections

Removable flange Manifold
(also sealless available)



Positive displacement Flowmeter
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Level Type

Level Gauge.
Float Level.
Hydrostatic Pressure Measurements.

Echo Level .

A

Capacitive Level type



Level, (Indicators, Switch, transmitters)
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Hydrostatic level Transmitter

T URV ---f

38.5 inches

Sightglass

17.3 inches
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MICROSENSOR
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Displacer Level Transmitter

\

Weight-
measuring
mechanism

Vessel %

Displacer
|Icage"

nstrumentationTools.com valve
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Torque tube

Torque tube
flange

- Level indicator

Torque rod

Displacer

InstrumentationTools.com



Ultrasonic Level Transmitter

Ultrasonic Level
Transmitter

Blocking
Distance
1K o Tim— __20 mA (100%)
*Lﬂtrasonic
Pulzes
B
A r -_",..L
D
C LEVEL

s

A= Empty Distance, B=Distance of Sensor

from Fluid Level
C= Fluid Level , D= Measurement Span

Ultrasonic Level Measurement
Fig - 1




Transmitter

Resistant Level Measurements
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Inductive Level Sensor

a b

' 2010 Chipkin Automation Systems Inc



INDUCTIVE LEVEL MEASUREMENT

Process Fluid

Primary @
winding ¢

ATAV a

™ S\

ATVAV &

—

opposition

Secondary Level
winding in series Measuring
Range

Mercury

InstrumentationForum.com



Capacitance Level Measurements.

InstrumentationTools.com
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Level Switch hiboliinsioh . Wl
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Level Switch wiguuioll Level Switch wiguiall

External Mounted Sensor with builtin seal External Mounted Sensor with built-in seal
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Temperature Measurements.

Thermocouples

Resistive Temperature Measuring Devices
Infrared Sensors

Bimetallic Devices

Thermometers

Change-of-state Sensors
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Temperature Calibration.

1.

Connect the temperature calibrator to the correct place in the
transmitter (RTD /Thermocouple).

The calibrator will feed the required power to the transmitter and
will measure the current resulting from temperature changes into
the transmitter In case of using Thermocouples we have to obtain
the correct type from the calibrator.

Increase the simulated temperature input in (bases of 25%) 0
~100% of the required approved calibration range.

Decrease the simulated temperature input in (base of 25 %) 100 ~
0% of the required approved calibration range.

All calibration procedure shall be recorded in a certificate.



Additel 223A multifunction, Use as
Power Supply 24 VDC,

ULATION(source ) TC/RTD

Reslstanc 250 Ohm
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Sensor Terminal
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Signal:" 1100 Rank:0.2%FS
Voltage:24VDC Out:4-20mA

Range: © 50 °C




iron wire voltage
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Temperature

Thermocouple  transmitter (TT)
S Input range = 2.585 to 13.555 mV

\ £~ ) Output range = 4 to 20 mA
;’EQ;\,:(}/':.- @

L

4 ) oSS |
(L > ,Af,‘
P =

CPZ"' VDC

Input range =4 to 20 mA

S 250 Q
Signal Conversion Table DE s = L .SV

Device Input range Output range
Thermocouple I 50 to 250 °C | 2.585 to 13.555 mV
Transmitter | 2.585 to 13.555 mV 4 to 20 mA
Resistor 4 to 20 mA 1toSV

Indicator 1to5V 50 to 250 °C

SENSOR INPUT (MEASURMENT) = ( PLC, DCS or INDICATOR ) OUTPUT

Tmperature indicator (l)



PLC ANALOG SIGNALS WIRING TECHNIQUES

4-WIRE
TRANSMITTER AN‘:‘LSSJEEPUT
250-ohm resistor converts
4-20mA to 1-5vdc.
Deg C
- +

(= o

T/C TYPE K

p 5

LOOP POWER
N 24vdc POWER

VAC {

+ -

2-WIRE
TRANSMITTER

(e o I o —<:><g

- ) —
T/C TYPE K

2-WIRE Transmitter converts millivolts into
TRANSMITTER 4-20 milliamp current.

+ +
C<TE T

T/C TYPEK

RECORDER




Loop Test.

* Type of signal Vi Vi
1. Analog signal Analog signal Digital signal

2. Digital Signal

3. Pulse Signal \/\/\/

~Y




Signal Flow :

Field Transmitters to Junction Box

Junction Box to Marshalling Cabinet

Marshalling Cabinet to System Cabinet

System Cabinet to Workstation



Analog Input

Transmitter = Viodule | PLC (CPU) 52 HMI

t Sensor - Convers Physical variables into Electrical Signals
Transmitter - Converts Electrical Signals into Standard 4-20mA

Analog Input Module - Converts 4-20mA into 1-5 Vdc & then into Digital (Binary)
PLC (CPU) - Process the data from the Al Cards & Computes related logics

HMI - Human Machine Interface presents the data visually to the operator



PLC / DCS ANALOG SIGNALS WIRING TECHNIQUES

Power Supply Cabinet Breaker Panel

24VDC Power Supply

TWISTED PAIR UNSHIELDED CABLE

Marshalling Panel

SR2
H XXX ]VAC

J_m_XXN'N
G

TWISTED PAIR
SHIELDED CABLE

! Level Transmitter I
LT-10

SHIELD GROUND
BUSBAR

@ TWISTED PAIR
© SHIELDED
n ]! CABLES

VESSEL




How a 4-20mA Transmitter Works
DCS / PLC

Analog Input Card
Flow Transmitter 5.1

Range : 0 to 100 m3/hr

+ 24V DC, 20mA

v

R
sead
: § 4mA I _ 1 Pair Cable G Converter
. _ Transmitter I V =4x2500 = 1V
- Regulates . 250 Q

|~4~_.-r --‘\ - } 2 ,f..
. o“"
wdod s "4 as Flowis 0

output to 4mA |

Present Flow Value =0

FIELD CONTROL ROOM



How a 4-20mA Transmitter Works
DCS / PLC

Analog Input Card
+ 24V DC, 20mA

A To A/D

Flow Transmitter
Range : 0 to 100 m3/hr

-

, 12mA ==, pair cable & Converter
'*’,' _ Transmitter i V = 12x250Q = 3V
Regulates - 250 Q

f{?‘” "‘ ‘ ’output to12mAll
2 Vi as Flow is 50 -

Present Flow Value =50 )
InstrumentationTools.com

FIELD CONTROL ROOM



How a 4-20mA Transmitter Works
DCS / PLC

Analog Input Card
Flow Transmitter € P

Range : 0 to 100 m3/hr

+ 24V DC, 20mA

S >0 M A . — {}
..y To A/D
& 20mA === " pair cable O Converter
SRR, Transmitter I V = 20x250Q = 5V

ey R Regulates - 250 Q
| “" ' output to 20mA |
2 Al as Flow is 100 °

Present Flow Value = 100 )
InstrumentationTools.com

FIELD CONTROL ROOM



Valves




\ Koliidion

Positioner

Valve Body

Three Major Control Valve Components



Type of valve actuator

Manual

Pneumatic

Hydraulic

Electric
Spring

Al S



valve Positioner

* valve Positioner is a device used to increase or decrease the air load
pressure driving the actuator until the valve's stem reaches a
“POSITION” balanced to the output SIGNAL from the process variable
instrument controller

Control ’ " Airline to
valve diaphragm

———7 Air supply

C------ Control signal

*

Positioner



Globe Valve

The valve stem must be Copynght TLY CO..LTD
furned many times in order
fo open and close the valve,
and there is therefore a
tendency for the gland seal
fo leak.

Flow rate control is
determined not by the size
of the opening in the valve
seat but rather by the lift
of the valve plug.

Because the passageway
in this valve is S-shaped.
the pressure drop is

greater than that of other
types of valves.

Even if used in the
partially open position,
there is less risk of
damage to the valve
seat or valve plug by

the fluid.
Closing it too far can

il damage the valve
and valve seat.




Globe Valve

Hindls

-, o v-i.\‘.‘ m

Feching Nut \\

= Patking




Gate Valve
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Gate Valve
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Diaphragm Valve
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Diaphragm Valve
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Butterfly Valve




Ball Valve




Rall VValve




Ball Valve

% METAL SEAT




Plug Valve




Check Valve (one way)

Check Valves
. Smee o .
d- Hinge pin




Check Valve (one way)




Motorized Valve




Motorized Valve




