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Professional Engineering Development 

Program

PCI 101 - Module 1 

Determining Whether Process Measurement Instruments 

Meet Requirements of Saudi Aramco Applications
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• PCI-101 Material and Exercises

• Electrical Safety Presentations

• Video Tapes 

Module 1
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• Reaching corporate economic goals

• Controlling a process 

• Maintaining safety

• Providing product quality

Purpose of Process Measurement

“Process measurement is the art and science 

of applying instruments to sense process 

conditions”
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• 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.

Purpose of Process Measurement

“No matter how advanced or sophisticated the 

control system, it is only as effective as the 

process measurement instruments it is 

connected to”
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Application and Instrument 

Envelopes
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Process Measurement of Crude Oil 

Storage Tanks



PCI 101.1 9

Incorrect Gas Flow Example
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• 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)

Metrology is the “Science of 

Measurement”

“Vendors may vary the use of a 

term…specmanship can be used to bewilder 

the uninformed instrument engineer”
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Optimization Arch



PCI 101.1 12

• Temperature

• Static Pressure

• Interference

• Instrumentation Response

• Noise

• Damping and Digital Filtering

Static and Dynamic Conditions Affect 

Process Measurement

“No measurement, however precise or 

repeated, can ever completely eliminate 

uncertainty due to dynamic conditions”



PCI 101.1 13

• 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 Effects

“Temperature influences can exhibit some of 

the most severe effects on a process 

measurement”
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• 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. 

Temperature Effects

“A 10 degree F change in temperature causes 

a 2% change in density, which results in a 1% 

effect on total flow measurement”
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• 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.

Pressure Effects

“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 16

Electromagnetic Interference (EMI)

Radio Frequency Interference (RFI)

Common Mode

Normal Mode

Electrical Interference

“Instrument vendors often list specifications 

that indicate how resistant the device is to 

electrical interference”
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IEC RFI Specification
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Electromagnetic Interference



PCI 101.1 19

Radio Frequency Interference



PCI 101.1 20

Common Mode Interference
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Normal Mode Interference
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Handout

Reducing Electrical Noise in Instrument Circuits

IEEE Transactions

Electrical Interference

“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 a real problem for the instrument 

engineer…Bruce Klipec, IEEE 1967” 
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• Ramp Response 

• Step Response

• Time Constant

• Settling Time

• Rise Time

Instrumentation Response

“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…” 
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Ramp Response



PCI 101.1 25

Step Response
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Time Constant Concepts
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Time Constant Definition
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Damping Definitions
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Digital Filtering Example
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Range Examples
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Range Definitions
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• Rangeability vs. Turndown 

• Zero Elevation Range

• Zero Suppression Range

Rangeability and Turndown

“An instrument spec may claim 0.25% 

accuracy or even greater under reference 

conditions…however, the total error could be 

2.5% once installed”  
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• Zero Shift /Span Shift with Temperature

• Zero and Span Error due to Static 

Pressure

Temperature and Pressure Effects

“Work through example in text of Zero Shift 

with Temperature (pg. 28) and Static Pressure 

Effects (pg. 31) using Rosemount 1151 

Handout” 
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Operating Conditions Versus 

Performance
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Relationship of Limits
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Settling Time, Rise Time, and Response 

Time
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• Discuss Examples of Accuracy Statements 

of various instruments (Vendor Spec. 

Sheet handouts)

• Comparison of Flow Meter Accuracy 

Statements (F&P handout 10E-3b)

Accuracy and Static Steady State 

Conditions

“These examples show that accuracy can be 

expressed in several ways”
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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
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Repeatability
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• Independent

• Terminal

• Zero

Linearity

“How closely an input/output relationship 

approaches a straight line”
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Independent Linearity
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Terminal Linearity
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Zero-Based Linearity
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Hysteresis
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Hysteresis and Deadband
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• Zero Drift

• Span Drift

• Partial Drift

Drift

“Undesired slow change or amount of 

variation in the output signal over a period of 

time”
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• MTTF 

• MTTR

• MTBF = MTTF + MTTR

Reliability

“Used to quantify a devices ability to perform 

a function without failure over a specified 

period of time or amount of use”
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Exercise 1

Vendor Data for 1151DP4E22
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• Total Error 

• TPE 

• F&P Handout 10E-3b

Total Probable Error

“Because of the random distribution of errors,  

the square root of the sum of the squares of 

error contribution is used in practice”
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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

• Ambient temperature :120°F

• Atmospheric pressure : 760 mm Hg (1 Atm., 14.7 psia)

• Transmitter calibrated for 0-150 in H2O

• Calibrated at 70 degrees F and atmospheric pressure
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Exercise 2 Solution 

Transmitter is performing at 120°F and is measuring 112.5“ H2O. 

Reference accuracy = + 0.2% of calibrated span 

    = (.002)x(150”) 

    = 0.3” H2O 

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” H2O

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?)
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Exercise 2 Solution 

TPE = (Accuracy² +Tzero² + Tspan² + Pzero² + Pspan²) 1/2

            

Total Probable Error= ((0.3)² + (0.75)² + (0)² +(0)²) 1/2

Total Probable Error= + 0.81 “ H2O 
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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.” 
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Functional Elements of Process 

measurement
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Functional Elements of Pressure Gauge



PCI 101.1 59

Housing Example
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Corrosion References
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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.” 
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Checklist for Process Media 

Compatibility
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Gasket Installation in Flow Application
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Gasket Considerations 
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Seal Example



PCI 101.1 66

Remote Seal Example
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Seal References
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Associated 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.”  
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Flange Styles
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Flange Temperature Ratings
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Flange References 
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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.”  



PCI 101.1 73

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
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Three Wire Loop Examples
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Four Wire Loop Examples
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Design and Wiring Considerations
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Transmitter Configuration Example
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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 requirements for control systems and analyzers 

“These requirements help ensure reliability of 

measurement long term”   
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Supply Voltage and Resistance Chart
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Wiring References
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Noise Considerations
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Instrument Loop with Single Ground 
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Instrument Loop with 2 Grounds
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Grounding Considerations 
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Electrostatic Shield Example
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Shielding Error Example
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Typical Surge Protector
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Optional Lightning Protection
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Conversion of NEMA Type Numbers to 

IEC Classification Designations
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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”   
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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”   
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Instrument Calibration Activity
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Calibration References 
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Traceability 

Pyramid 
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Calibration Procedure

 to Meet ISO 9001
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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
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Possible Microprocessor Instrument 

Trends
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Metrology Comparison:

Conventional versus Microprocessor
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Tradeoffs of Conventional versus

Microprocessor Instrumentation
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Hart Protocol
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Honeywell DE Protocol
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Fieldbus Architecture 
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