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Module 1

« PCI-101 Material and Exercises
« Electrical Safety Presentations
* Video Tapes
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Purpose of Process Measurement

« Reaching corporate economic goals
« Controlling a process
« Maintaining safety

 Providing product quality

“Process measurement is the art and science
of applying instruments to sense process
conditions”
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Purpose of Process Measurement

« Process sensors selected based on Range, Span,
Accuracy, and Response time constant

« The controller makes decisions based on process
sensors and modulates control valves to reach the
user defined setpoint.

« Discuss control system diagrams on overhead
projector.

“No matter how advanced or sophisticated the
control system, it is only as effective as the
process measurement instruments it is
connected to”

PCI 101.1



Application and Instrument
Envelopes

Instrument
Performance
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Process Application
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Ambient Condition Requirements




Process Measurement of Crude Oll
Storage Tanks

! Process
| Control
_System

Hydrostatic Tank Gauging 8
Measurement on Storage Tanks



Incorrect Gas Flow Example

Orifice

Differential
Pressure
Transmitter




Metrology is the “Science of
Measurement”

« Reference Terminology and Definitions in Liptak

« Join the local section of ISA to get involved and
keep up with the latest in Instrumentation issues

« Standard bodies made up of vendors and users
(must be a balance)

“Vendors may vary the use of a
term...specmanship can be used to bewilder
the uninformed instrument engineer”

PCI 101.1 10



Optimization Arch

Optimized Plant

Hardware

Control

Control
Studies

Adaptive
Control

Process
Improvement

Interactive
Loops

Control
Loops

Analysis

Basic

Instrumentation |

Instrumentation

Pre_ventative
Maintenance

Start-up

Installation

Basic Design

(Theoretical Concepts) (Practical Concepts)

* PCl 101 Course Addresses These Topics




Static and Dynamic Conditions Affect
Process Measurement

Temperature

Static Pressure
Interference
Instrumentation Response
Noise

Damping and Digital Filtering

“No measurement, however precise or
repeated, can ever completely eliminate
uncertainty due to dynamic conditions”
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Temperature Effects

« Induced phase transitions (process changes from
liquid to solid or liquid to gas)

« Changes in dimensions of measuring element
« Resistance of a circuit
« Change in flux density of a magnetic element

“Temperature influences can exhibit some of
the most severe effects on a process
measurement”

PCI 101.1 13



Temperature Effects

« Corrections are required for static pressure,
temperature, specific gravity etc.

 When making a gas measurement,
Increasing temperature increases volume

« Also, don'’t forget about maximum process
and ambient temperature specifications of an
Instrument.

“A 10 degree F change in temperature causes
a 2% change in density, which results in a 1%
effect on total flow measurement”

PCI 101.1 14



Pressure Effects

« Pressure effects can also trigger phase transitions

* Pressure effects show up in dP measurements
used in flow and level applications in addition to
direct pressure measurements.

« Static pressure influences a transmitters output
because of a physical distortion that occurs on the
measuring element.

“The goal is to minimize the total error that
pressure effects can cause...variations in line
pressure are not accounted for during normal

operations”

PCI 101.1
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Electrical Interference

Electromagnetic Interference (EMI)
Radio Frequency Interference (RFI)
Common Mode

Normal Mode

“Instrument vendors often list specifications
that indicate how resistant the device Is to
electrical interference”

PCI 101.1
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IEC RFI Specification
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Radio Frequency Interference
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Common Mode Interference

VB“

Process
Measurement

= = Instrument
VCnmmnn

Mnde
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- System
Reference
Ground

VA = VSignal + VCommon Mode
VB = VCommon Mode
VCommon Mode is an added
Voltage to both VA and VB.




Normal Mode Interference

Process
A Normal
Input M Measurement
P . ¢ ode Instrument

Voltage
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Electrical Interference

Handout
Reducing Electrical Noise in Instrument Circuits
IEEE Transactions

“With the trend toward more complete
Instrumentation in process plants using more
sophisticated and more sensitive instruments

than in the past, the reduction of electrical
noise pickup by instrument circuits has
become areal problem for the instrument
engineer...Bruce Klipec, IEEE 1967”

PCI 101.1
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Instrumentation Response

Ramp Response
Step Response
Time Constant
Settling Time

Rise Time

“For the output of a first-order system forced

by a step or an impulse, T is the time required

to complete 63.2% of the total rise or decay at
any instant during the process...”

PCI 101.1
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Ramp Response
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Time Constant Concepts
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Time Constant Definition
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Damping Definitions

Stable, Underdamped

,
@
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Stable, Overdamped

Stable, Critically Damped
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Digital Filtering Example

Controller Terminal

Connections

Sensor

PV,

Controller Hardware

I
|
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|
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Control
Elements

a“
Digital Filter
Program
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Range Examples

|

Note Assume Devnce LRL =

Lower
(Range Examples| Range |Range
- o B B Limits
0 100 945100 | -50
20 +100 | 2010100 | -50
25 0 +100
A _J -25to +100 | -50
E— = 1l

Lower

Range

Value

0

‘-'50 and UI: 125

Upper Up er W
Range Rar?ge ‘Span |
Value lelts |
+100 +125 | 100
+100 +125 80
+100 +125 | 125

Range Examples: LRL, LRV, URV, URL
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Rangeability and Turndown

« Rangeabllity vs. Turndown
« Zero Elevation Range

« Zero Suppression Range

“An instrument spec may claim 0.25%
accuracy or even greater under reference
conditions...however, the total error could be
2.5% once installed”

PCI 101.1
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Temperature and Pressure Effects

« Zero Shift /Span Shift with Temperature

« Zero and Span Error due to Static
Pressure

“Work through example in text of Zero Shift
with Temperature (pg. 28) and Static Pressure
Effects (pg. 31) using Rosemount 1151
Handout”

PCI 101.1 33



Operating Conditions Versus
Performance

Operating Conditions | Performance

Reference Reference - In this reglon the accuracy
statements apply unless otherwise indicated.

Rated (Normal) - Conditional - In this reglon the influences of the

operating environment are stated.

Operative Limits Indefinite, not specified - In this region the
influences of the operating environment are not
5stated Operating beyond the limits may damage
the instrument.

PCI 101.1 34



Relationship of Limits

Upper Limit Transportation & Storage
Conditions

Upper Operative Limit
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Upper Limit Reference Operating
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Settling Time, Rise Time, and Response
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Accuracy and Static Steady State

Conditions

* Discuss Examples of Accuracy Statements
of various instruments (Vendor Spec.
Sheet handouts)

« Comparison of Flow Meter Accuracy
Statements (F&P handout 10E-3b)

“These examples show that accuracy can be
expressed In several ways”

PCI 101.1
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Static and Dynamic Accuracy
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Precision and Accuracy Difference
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Precision Versus Accuracy
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Accuracy Versus Bias

Positive
Limit of
Precision\

Actual Inaccuracy
Bias

Functional

Specified
Functional
Characteristics™

Negative Limit

Bias of Precision

(Systematic
Error)

True Value Total Span
of Measured
Variable




Repeatability

Repeatabjlity

Input Full Range of Device

100%
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Linearity

* Independent
e Terminal

e Zero

“How closely an input/output relationship
approaches a straight line”

PCI 101.1
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Independent Linearity

Independent
omlf"'t Strau%ht Line i

N

Actual Calibration Curve
(Average of Upscale and
Downscale Readings)

Maximum * Deviations |
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Terminal Linearity

Output Specified
A aximum

Actual Calibration Curve -9
(Average of Upscale and
Downscale Readings)

4
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\\ |
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Zero-Based Linearity

Output

Actual Calibration Curve

(Average of Upscale and
Downscale Readings) B /A\ 2er0 Based
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Hysteresis
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Hysteresis and Deadband

Hysteresis

Deadband

Combined
Hysteresis
&
Deadband




Drift

o Zero Drift
» Span Drift
o Partial Drift

“Undesired slow change or amount of
variation in the output signal over a period of
time”

PCI 101.1
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Reliability

« MTTF
.+ MTTR
+ MTBF = MTTF + MTTR

“Used to quantify a devices ability to perform
a function without failure over a specified
period of time or amount of use”

PCI 101.1
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Exercise 1

Vendor Data for 1151 DP4E22

EXERCISE 1: INTERPRET VENDOR DATA SHEETS AND SAUDI ARAMCO INSTRUMENT
SPECIFICATION SHEETS

Diractions: Use the exercise directions along with Work Aids 1A through 1G fo complete Exercises
1A through 1C.

Exercise 1A: Interpret Vendor Data Sheets

Given a vendor data sheat for Smith  Turbing Meter Model #€2BBAF0IDO1 (Wark Akl 132 and &
checklist for cross-referencing process measurement terms (Work Aid 14), enter the data for the
ldentified model in the list of measurement terms table. Stale any qualifications fo the vander's terms
(such as a diferent metrology term that a vender used, whether the term is not listed,  whether the
temn requires factory consuitation, or whether the term required extrapolating data). Use Wark Aid
1G for conversions to metric units where necessary.

List of measurement tarms for Smi irhi ate F
Measurement term Specified data Enter any qualifications
to vendor data

Lipper Range Limit _
Lower Range Limit _
Maximum Span _

T R R
Referance
Conditions
Rated Ambient
emperature Limits

Response Time

Reproducibility

Repeatany | [

¥

EHEEEE
o E g
= = ﬁ

o1



Total Probable Error

 Total Error
e TPE

« F&P Handout 10E-3b

“Because of the random distribution of errors,
the square root of the sum of the squares of
error contribution is used in practice”

PCI 101.1
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Exercise 2 - Calculate the Total
Probable Error for a 1151DP4E22

The application data for the Total Probable Error calculation is as follows :

« Transmitter output: 16 mA

« Ambienttemperature :120°F

« Atmospheric pressure : 760 mm Hg (1 Atm., 14.7 psia)
« Transmitter calibrated for 0-150 in H20

« Calibrated at 70 degrees F and atmospheric pressure

PCI 101.1 53



Exercise 2 Solution

Transmitter is performing at 120°F and is measuring 112.5" H20.
Reference accuracy =+ 0.2% of calibrated span
= (.002)x(1507)
=0.3"H20
Temperature effect = total error
=(+ 0.5% URL+ 0.5% calibrated span)/100°F x deltaT
=(.005)(150)+(.005)(150)/100°F x 50°F
=0.75"H20
Static pressure = Zero + Span error
Zero error = + 0.25% URL/2000 psi (does this apply?)
Span error = + 0.25% Input reading/1000 psi (does this apply?)

PCI 101.1 54



Exercise 2 Solution

TPE = (Accuracy? +Tzero? + Tspan? + Pzero? + Pspan?) 1/2

Total Probable Error= ((0.3)? + (0.75)? + (0)%2 +(0)?) 1/2
Total Probable Error= + 0.81* H20

PCI 101.1
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Typical Design Criteria

Keep the Design Simple
Avoid using glass

Keep electronics Cool
Provide easy Serviceability
Safety

“Considering these issues will help ensure an
Installation that will not result in problems down
the road.”

PCI 101.1
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Functional Elements of Process
measurement

_—~~—— Measured —

|— :
~ Quantity | Prima
Measured ) Ay '-‘ Sensilg
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Variable Variable
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Element Element |

Data Data
+Transmlssmn 'Presentation
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" Presented
\_f -""x‘__ A Ve vy Da.ta
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Functional Elements of Pressure Gauge

Measured Bourdon Tube

Measured Quantity |  Primary
Sensing

Bourdon Tube Tip

Variable Variable

Conversion > Manipulation
Element Element

Scale and Pointer

Data Data
Transmission Presentation
Element Element

Observer =

Presented Data



Housing Example

Dual Compartment

Housin
o Housing For

Housing For Sensor

Terminal Block

(Field Connections) S \.‘;"‘i
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Corrosion References

Saudi
Aramco Title Comments
Reference
SAEP-119 Saudi Aramco On and off shore ambient corrosion
Section 1.2 |Material System conditions that equipment must meet.

Specifications

SAES-J-101, |Custody Metering of | Corrosion-resistant material such as
Section 6.2 |Hydrocarbon Gases |stainless steel 316 or better required for
sour gas applications.

SAES-J-902, |Electrical Systems | Tinning of field wiring acceptable for

Section 7.5.2 |for Installation corrosion protection.
SAES-P-111, | Grounding Conductors in areas of severe corrosion are
Section 5.4 green PCV covered.
SADP-J-100 |Process Flow General corrosion references.
Meters
SADP-J-200 |Pressure Installation to avoid corrosion.
SADP-J-300 |Level Housing requirement,
SADP-J-400 |Temperature Thermowell protects sensor.




Process Fluid Considerations

Clean or dirty?

Slurries (high or low viscosity)?
Corrosive?

Pressure (high or low)?
Steam?

Reverse flow (pulsating flow)?

“Ensure the measurement device is actually
capable of performing the required
measurement.”

PCI 101.1
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Checklist for Process Media
Compatibility

Process Media Characteristi

Process Name

Process State (Standard temperature
and pressure, STP, conditions)

Gomposiion .
Nolecular Weight E
Densit -

PCI 101.1 62



Gasket Installation in Flow Application

= .

. B : S .
Flow — o —
Y Eg_ : - l‘ .I‘.\/j —_— — &% '
| | [ | |
Small Large Correct
Gasket Gasket Gasket
Obstructs Creates Does Not

Flow Void Affect Flow




Gasket Considerations

Saudi Aramco Title Comments
reference
SAES-J-101, Custody Metering of Gasket alignment
Section 6.6 ' Hydrocarbon Gases
SAES-J-102,  Royalty and Custody ' Gasket alignment

Section 4.4, 6.6 | Metering of
Hydrocarbon Liquids

SAES-J-300 Level Gauge gasket material
characteristics (asbestos free,
graphoil impregnated,pressure
requirements)

SAES-L-009 ' Metallic Flanges, 'Requirements for pressure
Gaskets and Bolts ' services

 SAES-L-005 Limitations on Piping | Gasket material characteristic is |
Components dependent on type of service




Seal Example

Measuring
Instrument
Capillary Capillary
Connection : Tubing SR
/ Diaphragm / [ }
W Seal y
i M |
| : :
I g Tleil| L1
1 BTl o
| B, Y =] { . N —
] i .. z \ —— f___,ﬂ-—-ff
/ \ all= i
Diaphragm ! || |Process| | | Piping 5
Process Seal e T
Connection

Seal Installed On Pipe Tee




Remote Seal Example

Remote Seals




Seal References

Saudi
Aramco Title Comments
Reference
SAES-J-200, |Pressure Seals must be shown on P&IDs.
Section 4.6
SAES-J-300, |Level Application of seals in level measurement.
Section 10.1
SADP-J-100, [Process Flow Use of diaphragm and liquid seals, Table 1
Section 6.11, |Meters lists acceptable seal fluids.
Section 6.13
SADP-J-200, |Pressure Reasons for seal installation
Section 4

PCI 101.1




Assoclated Hardware Options

Mounting brackets, bolts, etc.?
Piping support, grounding, etc.?
Flanges?

Location?

“Don’t forget your Maintenance buddies...
Install the instrument where it can be easily
accessed.”

PCI 101.1
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Flange Styles
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Flange Temperature Ratings

s :"_HStE\EJ
\_\p
10 316 7
Stainless
120 Stﬂﬂl

400 600 800 1000
Temperature (Deg-F) 150-pound Rated Ranges

760 [—
316

N, ,—Stainless
\~__Steel

200 400 800 800 .1uuu
Temperature (Deg-F) 300-pound Rated Ranges




Flange References

Saudi Aramco
Reference Title Comments
SAES-J-100, |Flow Orifice flange orientation; minimum ANSI class
Section 4.3 ratings for pipe sizes.
SAES-J-101, |Custody Metering of | Installation requirements.
Section 6.6 Hydrocarbon Gases
SAES-J-102, |Custody Metering of | Meter flange requirements.
various Hydrocarbon Liquids
sections
SAES-J-200 Pressure ANSI B16.4 followed
SAES-J-300, |Level Mounting and material requirements
various
sections
SAES-J-400 Temperature ANSI B16.5 followed
SAES-L-005, |Limitations on Piping |Description of flange ratings and how to interpret
various Components them.
sections
SADP-J-100, |[Flow Orifice flange installation, types.
Section 6
SADP-J-300, |Level Standpipe and transmitter flange use.
Section 3




Mechanical Design Considerations

Manifolds (SST)

Impulse Lines (1/2” SST tubing typical)
Orientation critical (more in modules to come)
Thermowell insertion length/vibration

“Consider how the instrument will be used...the
installation should be suited to the application.”
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Electrical Design Considerations

Data Transmission

Power (Requirements and Consumption)
Wiring methods

Safety (protection methods in hazardous areas)

“Consider all the aspects of electrical design...
the loop may work, but may not be safe to
operate in the intended location.”
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Two Wire Loop Examples

-

A 0, 41020mA

.

Transmitter

S

Thermbcouple



Three Wire Loop Examples

O+ Power

Transmitter; O Signal

VWA O-Power and Signal Return

O IExcitation

Resistance
Temperature |
Detector
(RTD)

O Sense




Four Wire Loop Examples

O+ Power

ITransrnitter

4 to 20 mA

O Signal Out 0-5 Vpc
O Signal Reference

C -Power

C L Excitation

Resistance

Temperature
Detector (RTD)

C+VRTD

O-VRTD

O -IExcitation




Design and Wiring Considerations

Conventional
(Electronic analog)

Microprocessor-
based (smart

Microprocessor-based
(Fieldbus devices)

devices)
Power Supply |24 VDC nominal 24 VDC nominal 24 VDC nominal
Wiring twisted pair twisted pair twisted pair, or coaxial

cable, multidropped

Output signal |4 to 20 mA 4 to 20 mA and/or |Industry standard

proprietary (Hart, |finalized

Foxboro Al,

Honeywell DE).
Noise (RFlI, 2 wire loops offer |Same noise If cabling is common
shielding, more noise immunity as twisted pair and
grounding) immunity than 3- | conventional instrument is in analog

wire or 4-wire
loops

instruments if used
in analog mode. In
digital mode, better
noise immunity
than conventional
instruments.

mode, same noise
immunity as
conventional. If coaxial
cable used, better noise
immunity than
microprocessor-based.

PCI 101.1
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Transmitter Configuration Example

4 to 20 mA .
- +
| - Power
Supply
|
Transmitter '
. + .
i ' R -
f\}. 2250Q T
{ j = & - -
s 1to 5V

v

PCI 101.1




Instrument Loop Wiring Considerations

* Instrument power from separate distribution panels

« Capability to disconnect instrument power (knife edge
terminations)

* Fused Terminations
« Supply voltage levels (24 VDC, 120 VAC, etc.)
« UPS reqguirements for control systems and analyzers

“These requirements help ensure reliability of
measurement long term”

PCI 101.1 79



Supply Voltage and Resistance Chart

Supply Voltage and Resistance Chart

1400

= Operating
Area

Loop
Resistance
(ohms)

10.8 16.28 20.63 25 28.3 37.0 42.4

Operating Voltage (Vdc)



Wiring References

SAES-J-902 Reason for Use Summary
Reference
Section 7.1 General wiring NEC compliance required. Splice and twist-on
wiring nuts not permitted.
Section 7.2 Routing Segregation of cabling. Above ground,
underground, under computer floor routing.

Section 7.3 Signal separation Minimum spacing requirements.

Section 7.4 Cable types Field wiring to junction box and termination
panels.

Section 7.5 Terminations Termination methods, block styles, strip
assemblies, wire ducts and gutters.

PCI 101.1 81



Noise Considerations

SAES-J-902 Reason for Use Summary
Reference

Section 8.1

Section 8.2 Shielding Shielding requirements for instrumentation.
Section 8.3 Rationale for twisted pair.

PCI 101.1 82



Instrument Loop with Single Ground

Master
Reference ‘V
Ground

PCI 101.1




Instrument Loop with 2 Grounds

24 VS Common

. — + ! >
I—_/X__{r@ 41020 mA Recorder
Transmitter 2509%1 tn:SV @/

Common Extra

Master
Reference j«—0.1v—§ ©round
Ground Ground
Current

PCI 101.1




Grounding Considerations

SAES-J-902 Reason for Use Summary
Reference

Section 9.1 General requirements |NEC conformance per article 250

Section 9.2 Safety ground Enclosures grounded to protect personnel.
Section 9.3 Circuit ground Signal common connections reduce interference.

Section 9.4 Special considerations | Manufacturer's recommendations followed.

Section 9.5 Ground fault detection |Required on emergency shutdown systems.

PCI 101.1 85



Electrostatic Shield Example

Shield
/7&“‘* ' —_"
| J/E;ﬁ / I ignal
f ;_ Common
é N  Cable |
I

o

Transmitter

Sensing
Device




Shielding Error Example

Transmmerfzu”—;—f—r wIL 0utput

Ground

Transient

Ground
Potential
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Typical Surge Protector

L
el

[ I . 'S o T.o
uh__.fl S i g nal
Receiver
Capacitor |

Varistor

' | i Metal Oxide
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Optional Lightning Protection

Electronics
Housing

Connect Optional S
Lightning Protection .
to Earth Ground Oe O
= a
B IRO NS

F TN @




Conversion of NEMA Type Numbers to
IEC Classification Designations

NEMA Enclosure Type Number IEC Enclosure Classification Designation
3

S
4 and 4X

6 and 6P

12 and 12K

PCI 101.1 90



Instrument Safety Considerations

Hazardous Area Classification
Protection Methods Available
Intrinsically Safe Systems

“The key to electrical safety is to ensure that the
electronic instrumentation will not become the
source of an ignition source”

PCI 101.1
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Instrument Safety Considerations

Zone Migration Presentation
Intrinsically Safe Presentation

“The key to electrical safety is to ensure that the
electronic instrumentation will not become the
source of an ignition source”

PCI 101.1
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Instrument Calibration Activity

Process measurement instrument type

Saudi Aramco calibration activity

Temperature instruments

Test thermometer placed in test thermowell
adjacent to temperature sensing element.
Calibration performed on whole loop.

Static pressure instruments

Full range calibration,

Differential pressure instruments

Full range calibration. Additionally, zero
differential check performed.

Orifice plates

Checked during instrument calibration for flatness
and damage.

Flow computers

Sealed to prevent unauthorized modification of
flow instrument calibration data.

Flow meter (turbine)

Calibration requires a portable small volume
meter prover to establish meter factor.

Level systems (bubblers)

Verification of bubble system against tank
dipping.

Level instrument (automatic tank
gauging)

Checked monthly against manual tape gauging.
If error more than half-inch, recalibrate tank
gauging equipment.

Custody transfer flow meters (turbine
and positive displacement)

Meters calibrated using the product for which it is
intended or using product with similar properties.
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Calibration References

Reference Title Comments
Gl405.001, Section | Transfer of Liquid Hydrocarbon | Meter, temperature, and pressure instrument calibration
6.4 Products and Sulfur
Gl1405.002, Section 5 | Custody Transfer of Natural Temperature, static, and differential pressure, and analyzer

Gas and Ethane

instrument calibration

G1405.003, Section 6

Custody Transfer of Mixed LPG
from PSRC to Saudi Aramco

Turbine (pay) meter and analyzer calibration

GI405.005, Sections
2and 3

Rovyalty Metering Facility
Responsibilities

Departmental calibration responsibilities

G1405.006, Section
5.3105.4

Custody Transfer of Liquid
Sulfur from PSRC to Saudi
Aramco

Bubbler system and differential pressure transmitter calibration

SAES-J-100, Section
4.3

Process Flow

Orifice plate calibration requirements

SAES-J-101, Section
8

Custody Metering of
Hydrocarbon Gases

Orifice plate calibration requirements

SAES-J-102,
Appendix 2-3

Royalty and Custody Metering
of Hydrocarbon Liquids

Calibration points for multipoint meter factor versus flow curve

SAES-J-300, Section
10

Level

» Differential pressure type instrument calibration
* Transmitter calibration capabilities

SAES-J-400 Temperature Temperature calibration references

SADP-J-100 Process Flow Meters flow meter installation practices that affect calibration
SADP-J-200 Pressure Pressure installation practices that affect calibration
SADP-J-300 Level

Installation and selection practices that affect calibration
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Traceablllty Pyramld

Traceability T et
Pyramid

Ideal, But Not Practical

ry
(Primary Standard Callbrators)
Practical, Best Approach

Up =\fU§+US

Secondary Standard Labs
(Master Meters)
Sometimes Acceptable

—\'(UZ+U§+U§
Workmg Standard Callbratlons
(Copy of Master Meter)
| Occasionally Acceptable When Nothing Else is Practical

—

Uw -"U1+U2+U3+U4

|
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Calibration Procedure

to Meet ISO 9001

PCI 101.1

Control number;

Instrument
recalled for
calibration

History record;
Calibration
procedure

established

B S

Instrument calibrated
Instrument

passed until
next due date

[ T

Out-of-tolerance
condition evaluated
and corrective
action taken

B

Instrument
falled

4L Yosl

Can Instrumont
be repaired or
adjusted?

) 'lNo

retired

I Instrument
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Instrument Calibration
Video

Out of the box...Model 3051 Calibration and Test (30
minutes)

“Comparing a measurement to a known
standard is called calibration”
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Microprocessor Instrument Architecture

B Sensor Module B Electronics Module
A/D Conversion » Microprocessor
| ' : T h_ ' | ® Characterization
- |Ambient | ' || * Range Check
| ; Sensor | g
Variable- Interface | * Diagnostics
Sensor(s) | ¢ User Configured Database
( Sensor ) * Conditioning
= o * Compensation
/i\. [ . . D’A
Digital ¢ o Conversion
l Signal (4 to 20 mA)
Measured
variable from

. Y
process Signal to Control Room
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Possible Microprocessor Instrument

Microprocessor Based Control
Field Instrument | System
|
| Micro Voltage! Current
—rgggls?:?, A/D >Proces-> D/A » to to 4 A/D
| sor Current: oltage |
Meagured 4to
Variable ¢\, rent Trend 20 mA |
|
|
|
|
. . : ! Direct
Digital Micro r g
| Sensor | Processor 1 § ?",'%':Et“
Measured '
Variable |
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Metrology Comparison:
Conventional versus Microprocessor

Conventional | Microprocessor-based Comments
Instrument instrument
Accuracy 25% 1% Accuracy over range is greater in
microprocessor-based

Turndown up to 400:1 Higher turndown permits reranging
and
rangeability

susceptible less susceptible Compensation available in
microprocessor-based
Temperature | 1% to 3.5% 5% Effects for conventional instrument
effects greater at higher turndowns

Static 1% to 3.5% 2% Effects for conventional instrument
pressure greater at higher turndowns
effects
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Tradeoffs of Conventional versus

Microprocessor Instrumentation

Conventional Instrument (4 to 20 mA)

Microprocessor-based Instrument

Proven performance record

Improved performance because of sensor enhancements
and compensation

4 to 20 mA accepted standard allows inter-
operability among vendors.

Standard definition in progress. Protocols vary at this
time, inhibiting interoperability among vendors.

Communicates one way

Bidirectional communication

Process data limited to measured variables

Protocols permit variety of process data, device data, in
real time,

Requires several A/D and D/A conversions from
device to control system.

Communications digitally, IEEE floating point accurate to
seven digits.

Must operate within power budget that includes 4
mA to 20 mA standard.

Power limited by 4 mA to 20 mA standard

Device must be configured locally.

Configuration and calibration can be remote or local

Conventional Instrument (4 to 20 mA)

Microprocessor-based Instrument

Individual wire pairs required for each filed device.

Currently true until development of Fieldbus standard,
which would eliminate individual wiring.

Hand held communicators can be expensive.

Hand held communicator expedite troubleshooting.

No memory.

Control system memory can store maintenance activity.

Analog signal could be in error by significant
amount. Bad signal could go undetected for too
long a period of time,

Digital transmission provides better security, ability to
detect bad signal, ensures reception of data,

101
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Hart Protocol

4 to 20 mA
Analo

-—1—2910"H-i
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20mA

4mA |

Honeywell DE Protocol

6 - Byte Broadcast

Byte

Flags' Process

3
Bytes

Value

302
msec

9

| Bytes
' Data |

1

: |

64
mset

Byte
Flags ' Process

3
Bytes

Value

: 2
Bytes
Data |
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Fieldbus Architecture

Control
Network Operator
Interface
&Contrullerl Operator
- Interface

. A Single
Coaxial
Cable

Fieldbus Network

. % T 1|\ Miorpratessor
é% ® % X D% i @ @ > IBn?.a??umentation;

! Fieldbus
- < Compatible
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