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Agenda

Introduction to Meter Verification
• Structural integrity method
• Stiffness and mass/ density measurement

SMART Meter Verification (SMV) feature

SMV Basic versus Professional



• Verifies meter is unchanged: Structure is the same as the day it was calibrated and shipped

• Verification is establishing confidence in measurement through the relationship to secondary variables

• Micro Motion uses a secondary variable to verify flow performance
– Structural Integrity (“Stiffness measurement”)

Meter Verification



• Structural integrity is a measure of the flow tubes strength

• Stiffness is a measure of a structure’s integrity and resistance to a load
– Stiffness is defined as the deflection per unit of load

– Stiffness = force/displacement

– Stiffness also is a factor in a structure’s resonant frequency

Stiffness: Definition
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• Stiffness is a key factor in calibration

• For both density and mass flow

• If stiffness changes, density and flow calibration factors have changed (measurement is altered)

Stiffness: Definition
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Introduction to Meter Verification

SMART Meter Verification (SMV) feature

SMV Basic versus Professional



• A Coriolis sensor behaves as an oscillating mass-spring system:
– The mass of the flow tubes AND the mass of the fluid is the mass “m” of the system

– The flow tubes have a stiffness “K”

– The sensor is maintained in oscillation at its natural frequency  “fN”

– The amplitude of deflection of the flow tubes is limited and maintained constant (the drive is amplitude-
controlled)

Analogy with a Coriolis sensor



• The measurement of the structural integrity of the flow tubes is done by measuring the response of the 
tube to an applied force as a function of the frequency

– The analysis of the response to an input is given by the Frequency Response Function

– It represents the amplitude variations of the flow tubes resulting of an applied force over the frequency domain

Frequency Response Function (FRF)
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Frequency Response Function H(ω)

𝐹𝐹𝐹𝐹𝐹𝐹 =
jω
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• The Mass “m” is the mass of the fluid and of the flow tubes
– The mass of the fluid depends on the Density (ρ)

• The Stiffness depends on the mechanical properties of the flow tubes
– Material properties

– Tubes diameter, wall thickness

– Overall geometry (straight tube, U-shape tubes etc...)

• The Damping depends on the viscosity of the fluid (η)
– The damping will be greater with a high viscous fluid than with a low viscous fluid (water, oil, honey)

Analogy with a Coriolis sensor



• The Meter Verification verifies the structural integrity of the sensor’s flow tubes
– The MV algorithms determine independently the Mass, the Damping and the Stiffness of the flow tubes,

– The Stiffness issued from the verification is compared with the “factory” stiffness (saved during the calibration),

– If the stiffness did not change over time, the density and flow calibration factors are unchanged,

– The Meter Verification confirms the accurate density and flow measurement.

SMART Meter Verification



How can corroded tubes affect the FRF

No stiffness change Stiffness change



• Uniform Corrosion (Cleaning in place)

• Uniform Erosion (abrasive slurries in fluid)

What can change the tube stiffness



• Local Corrosion (Cleaning in place)

• Local Erosion

• Local damage (overpressure, stress)

What can change the tube stiffness

Preferential Attack Pitting Corrosion Stress Corrosion



• During the Meter Verification routine, the algorithms determine the mass, damping and stiffness of the 
flow tubes

– The sensor is driven with test tones at different frequencies
– At each frequency, the deflection of the flow tubes is measured
– The FRF is determined 
– The Stiffness is compared with the stored baseline

SMART Meter Verification

Test tones

Response
Okay

Not Okay



• Why is the process fluid not important for the Meter Verification routine?
– The Stiffness baseline has been saved in the factory based on air,

– The Meter Verification routine is initiated in the field with a process fluid other than air.

• Example: The stiffness baseline has been saved in the factory based on Air and the Meter Verification is 
initiated with Oil as process fluid.

–  How will it impact the stiffness measurement?

Effect of the Process Fluid during the SMV



• With flow tubes filled with oil

1.  More mass in the tubes
–  Natural frequency ↓

2.  The oil tends to damp the oscillation
–   Deflection ↓

Effect of the Process Fluid during the SMV

The magnitude at low 
frequency has not changed
⇒ Stiffness K is unchanged



• A fluid change will affect the Frequency Response Function
– The Natural frequency will shift depending on the fluid Density

– The fluid properties (Viscosity) will tend to damp the oscillations: the bandwidth of the FRF will increase with the 
viscosity

– The magnitude at low frequency of the FRF (tube’s Stiffness) remains unchanged

– The fluid properties affect the Mass “m” and the Damping “C” but NOT the Stiffness “K”

The outcome of a Meter Verification routine is independent of the process 
fluid!

Observation and Conclusion



1. No Burden on Plant Operations
No interruption of process measurements.
Performed on demand when necessary or convenient. 

2. Flexibility of Operation
Meter Verification can be initiated from the local display, ProLink, or AMS. Stiffness results for 
trend plotting are available from all interfaces.

3. Verification on Schedule
Scheduled operation will be possible either through the transmitter menus or through the AMS 
Snap-On, allowing for convenient regular verification procedures to be developed.

4. Event-Driven Verification
Automatically initiating Meter Verification based on events allows for peace of mind following 
potentially damaging process excursions.

SMART Meter Verification feature



SMART Meter Verification feature

Manual Operation

• On Demand
• Less Than 2 

Minutes

Scheduled 
Operation

• Automatic
• Every 1 to 1000 

hours
• Associated with 

Alarms

Triggered 
Operation

• Process Events
• Discrete Input
• Associated with 

Alarms



SMART Meter Verification feature

Local Display Handheld Communicator

ProLink AMS



SMART Meter Verification feature



SMART Meter Verification feature



Reporting



Reporting



Reporting
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Introduction to Meter Verification

SMART Meter Verification (SMV) feature

SMV Basic versus Professional



• All new transmitters combined with an 800-core processor include SMV Basic (free of charge) and, for the 
5700 only, a 90-day Trial of SMV Professional (free of charge)

SMV Basic versus Professional



• Only Last SMV result visible

• Only Pass/Fail message

• No SMV report

SMV Basic



• Full functionality

• SMV report

• Historical data

SMV Professional



Diagnostics

Recap

• Advanced diagnostics: SMART Meter Verification
– Diagnosis of the whole system
– Whenever you want
– On schedule
– No Measurement Interruption
– Helps to evaluate the proving intervals or re-calibration frequency
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Questions


