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Yokogawa has developed the ADMAG Total Insight (TI) series magnetic flowmeter.
Under the new Total Insight concept, Yokogawa supports the magnetic flowmeters of this
series throughout their lifecycle. Currently, the AXG model and the AXW model are available
for various applications. Their ease of maintenance has been improved by increased
resistance to vibrations and an enhanced diagnosis function required for steady operations
and maintenance. This paper describes the core technologies implemented in the ADMAG TI
series magnetic flowmeter.

INTRODUCTION

MAIN FEATURES

n 1988, Yokogawa released the ADMAG series magnetic
flowmeter featuring stable output against flow noise, fast
output response, and increased zero-point stability; it was
developed using the world’s first dual-frequency excitation
method that combined high-quality, high-performance,
and high-stability technologies. The scope of application of
the ADMAG series is still being expanded by adding new
members to the family, such as an integral explosionproof
type, capacitance type, and two-wire type(1).
Yokogawa is developing next-generation field devices
under the Total Insight concept of fully supporting devices
throughout their entire lifecycle from device selection
through setting, operation, maintenance, and troubleshooting
to specification enhancement for the next generation. This
paper mainly introduces new core technologies added to the
ADMAG TI series under the Total Insight concept.

The following describes the main features of the ADMAG
TI series that we have developed. Figure 1 shows an external
view of the ADMAG TI series.

I
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Figure 1 External view of ADMAG TI series
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Total Insight
Following the ROTAMASS TI series Coriolis mass
flowmeter, we applied Yokogawa’s concept for next-generation
field devices, Total Insight, to the ADMAG TI series. Both
series are designed based on a common platform, which
increased the development efficiency, and both products have
respective unique features and characteristics. Both series
include “TI” in their name: this indicates that these are nextgeneration field devices based on the Total Insight concept of
support throughout their lifecycle.
Main Specifications and Features
The following describes the specifications and features of
the ADMAG TI series.
(1) Two models for different applications
AXG and AXW models are available to suit different
applications.
(a) AXG
Applications : Processes that require high accuracy,
and difficult applications such as highconcentration slurry
Tube diameter : 2.5 to 500 mm (PFA), 2.5 to 200 mm
(ceramic)
(b) AXW
Applications : Applications in which stable measurement is
possible, such as general water measurement
Tube diameter : 25 to 1000 mm (PTFE, polyurethane,
natural hard rubber, natural soft rubber)
(2) Increased accuracy (for high-grade accuracy specifications only)
Accuracy in the normal flow rate range: ±0.15% of rate
(3) Increased resistance to vibration
The structure was reinforced by analyzing the vibration
environment to increase the resistance to vibration and
expand the application range.
(4) Increased lining flare diameter
The joint area between the lining and the pipe was
increased to prevent fluid leakage.
(5) A variety of I/O options
Up to four options can be selected from among current
input/output, pulse output, and status input/output.
(6) Improved ease of maintenance
The diagnostic function was enhanced. Newly added
functions include: built-in verification for health diagnosis;
f low noise diagnosis; electric conductivity diagnosis;
electrode abnormality diagnosis; coil insulation diagnosis;
and cable connection diagnosis (some functions are
available only with the AXG model).
(7) Enhanced operation/monitoring function
Process trend display, data backup (Store) and restoration
(Restore) functions using internal memory and micro SD
card, and data logging function are available.

CORE TECHNOLOGIES OF ADMAG TI
The following describes seven core technologies of the
ADMAG TI. These are increased resistance to vibration, builtin verification, flow noise diagnosis, electrode abnormality
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diagnosis, coil insulation diagnosis, cable con nection
diagnosis, and trend function.
Increased Resistance to Vibration
It is recommended that magnetic flowmeters be installed
in an environment with low vibration. However, in practice
they are installed as inline measuring devices in the pipelines
of customers, so it is difficult to avoid the influence of pipe
vibration caused by pumps and f low. Therefore, there is a
strong demand for increased resistance to vibration.
Magnetic flowmeters can be divided by type of structure
into the integral type and the remote type, as shown in Figure 1.
The integral type has a structure in which the transmitter and
the sensor are joined with a part called a neck flange (NECK)
as shown in Figure 2, while the remote type has a structure
in which they are separated from each other. Since a magnetic
flowmeter is fixed to a pipe, it is subject to the influence of pipe
vibration. In particular, the transmitter in the integral type may
vibrate significantly, so locations with high vibration require the
remote type, which incurs an additional cabling cost.
Transmitter

NECK
Sensor

Figure 2 Structure of integral type flowmeter
To desig n a t ra nsm it ter with i ncreased vibrat ion
resistance, we changed the technique for evaluating vibration
resistance from conventional sine wave vibration to random
vibration because we have learned that vibration frequency
components have a wide bandwidth in customers’ plants.
Another reason for this change was that sine wave vibration
only enables evaluation of the vibration resistance at the
resonant point of limited parts and does not enable reliable
evaluation of the vibration resistance of the entire magnetic
flowmeter, including the electronic parts.
With regard to the conventional structure, we confirmed
that applying random vibration with a larger magnitude than
that of the customer’s pipeline damages the electronic parts due
to the resonance of the printed circuit board in the transmitter
and causes friction between parts, resulting in abrasion.
For the ADMAG TI, we used a structure that securely
fixes the amplifier section of the transmitter to the case from
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four directions to reduce the influence of vibration as shown in
Figure 3. We also took additional measures, such as providing a
cushioning material in areas where abrasion occurs. As a result,
the structure of the ADMAG TI transmitter features a vibration
resistance 1.5 to 2.7 times greater than that of conventional
structures under the same random vibration conditions. The
increase in vibration resistance significantly extended the range
of application of the integral type flowmeter.
Fixing screws at
four points

Amplifier section

Figure 3 Fixing the amplifier
Next, we focused on the neck flange section that joins
the transmitter and the sensor of the integral type flowmeter.
The sensor is fixed to a pipe, so if pipe vibration occurs, the
transmitter vibrates and a large stress is applied to the joint
of the neck f lange section and the sensor. Therefore, the
neck flange shape must be designed so that the structure can
withstand the stress generated by the vibration. In addition,
there are more than 10 types of neck flange shapes for various
tube diameters and process connections, making it a challenge
to ensure vibration resistance for all shapes.
I n t he cou r se of developi ng t he A DM AG T I, we
analyzed the natural frequency and the stress applied to
the joint between the neck f lange and the sensor for four
representative shapes of neck f langes using finite element
analysis. In addition, we conducted actual vibration tests.
Based on the results, we designed an anti-vibration structure
for the remaining 10 or more types of neck f langes and
reduced the number of vibration test samples to less than 1/3
to increase the efficiency of design and evaluation. Figure 4
shows an example of the results of the finite element analysis.
Joint area of the neck flange and the sensor

Figure 4 Example of finite element analysis results
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Built-in Verification
The ADMAG TI series is a lifecycle-aware product, and
comes with a built-in verification function as standard. This
function checks the health of the devices without any external
help and thus can be used effectively for future maintenance.
Although knowledge and experience are required for evaluating
the health of the devices, this built-in verification function can
perform this task without connecting with external devices. As
a preliminary process, we quantified Yokogawa’s experience
that has been acquired in the field, based on which the builtin verification function judges the health of the devices. To
increase the accuracy of the judgment, sub-functions were
added to items where it is difficult to make a judgment. This
built-in verification function is a unique technology that is
superior to those of other companies. The function provides
diagnostic results for the following five items. Figure 5 shows
the actual diagnosis and results screens.
(1) Magnetic circuit health diagnosis
(2) Excitation circuit health diagnosis
(3) Calculation circuit health diagnosis
(4) Functional status diagnosis
(5) Connection status diagnosis
Display the diagnosis target

Execution time
(a) Diagnosis screen

Diagnosis result

Passed (normal) or Failed (abnormal) 
is indicated by a symbol.
×

Passed
Failed

(b) Results screen

Figure 5 Screens of built-in verification function
There are two diagnostic modes for the built-in verification
function, “with flow” and “without flow.” Diagnosis is executed
under the optimal conditions for each mode. Although we
recommend executing diagnosis in both modes, the diagnosis
result obtained in one mode is also effective.
The following describes the five diagnostic items.
(1) Magnetic circuit health diagnosis
This function diagnoses the health of the magnetic circuit
of the sensor. The test items vary depending on whether in
the “with flow” mode or “without flow” mode. In the “with
flow” mode, the diagnosis is made based on the difference
between the low flow rate and high flow rate values, which
are characteristic for dual frequencies. In the “without
flow” mode, the diagnosis is made based on the change
in the zero point. The diagnosis is also made based on the
electrode potential, electrode resistance, coil current, and
coil resistance values.
(2) Excitation circuit health diagnosis
This function diagnoses the health of the entire excitation
circuit. The diagnosis is made based on the excitation
current, coil resistance, and coil insulation values.
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(3) Calculation circuit health diagnosis
This function diagnoses the health of the calculation circuit
of the transmitter. The execution items vary depending on
whether in the “with flow” mode and “without flow” mode.
The diagnosis is made by checking the calculation circuit
using mainly the electrode potential, wetted resistance, and
excitation current, and by conducting a simple linear test
(the details are described later).
(4) Functional status diagnosis
This function diagnoses the health from the currently
active alarms and those that occurred in the past.
(5) Connection status diagnosis
This function diagnoses the health based on the results of
a cable connection error. For more information, refer to
Cable Connection Diagnosis.

The operating principle is as follows.
(1) Flow electric current I0 between A and C until the voltage
between A and C is V0.
(2) Flow electric current I1 between A and C until the voltage
between A and C is V1.
(3) When

R is constant, I1/I0 is nearly equal to V1/V0.
Based on this relation, the test checks whether the signal
from the electrodes is within the allowable range and judges
the health of the calculation circuit.
We hope that customers will be able to reduce their
maintenance costs and solve problems early by effectively
using this built-in verification function. By combining the
function with Yokogawa’s FieldMate and FAS130 ADMAG
TI verification tool (sold separately), customers will be able to
save the health diagnostic results and generate reports.

The simple linear test is a new sub-function for diagnosis
added to the built-in verification function. Its operating
principle is described below (Figure 6); for convenience, only
electrode A is described.
This function tests the linearity from the electrodes to the
calculation circuit using a technology based on the electrode
adhesion diagnosis function, which was implemented in the
AXF series. This method can easily conduct I/O tests in a
normal installation environment which were conventionally
conducted using devices such as a calibrator.

Flow Noise Diagnosis
Many customers want to detect flow noise caused by air
bubbles, slurries, electrode corrosion, and so on. Normally,
f low noise has a 1/f characteristic where the higher the
frequency, the lower the noise level, as shown in Figure 7 (2).
The dual-frequency excitation method uses both the advantages
of high frequency with less influence from flow noise and
low frequency with stable zero point. By taking advantage of
this characteristic, we have developed a measurement method
that focuses on the non-excitation sections. Thus, we were
able to extract flow noise synchronized to the low-frequency
components that are relatively susceptible to flow noise. This
method uses only non-excitation sections so that flow noise can
be detected stably without being influenced by the flow rate.
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Figure 7 Frequency characteristic of flow noise
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(b) Current-voltage characteristic

Figure 6 Simple linear test
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1/f characteristic

−50

Noise level [dB]

A : Electrode A
B : Electrode B
C : Reference potential
(common)
R : Wetted resistance of
electrode A
I : Current between A and C
V : Voltage between A and C

Current

The following describes the operating principle of the
f low noise diagnosis function, using the dual-frequency
waveforms shown in Figure 8. The two waveforms in the
upper part of the figure show the excitation current waveforms
that are divided into low-frequency components and highfrequency components, and the waveform at the bottom
shows a corresponding f low rate signal waveform. EZ1 to
EZ9 indicate positions at which signals used for calculation in
the non-excitation sections are sampled. Usually, differential
noise, etc. is removed from detected signals. To minimize the
influence of this process, the latter part of the pulse is used.
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the preset level is exceeded.

Low-frequency
components

+

Flow noise measurement example when air bubbles exist
(Flow velocity: 2 m/s, electric conductivity: 200 µS/cm)

=

Flow noise value

Dual frequency
(excitation)

EZ3

EZ4

EZ5

EZ6 EZ7 EZ8

EZ9

Figure 8 Calculation timing

Flow noise [cm/s]

EZ1 EZ2

260

Air bubbles 5%
Air bubbles 3%

40
30

No air bubbles

20

0
0.00

We use adjacent values for calculation to remove the noise
of the DC component (Figure 9) and linear noise (Figure 10).
In Figure 9, where DC components are superimposed, we
assume that the value to be calculated is “N,” the sampled
value is “A,” the value before it is “A-1,” and the value after
it is “A+1.” In this case, N can be expressed in two ways: N =
A - A-1 and N = A - A+1. Adding the two equations results
in 2N = -A-1 + 2A - A+1, where the DC component has been
removed. This calculation is called a 1-2-1 calculation. This
calculation can determine “N” even when linear noise “a”
is superimposed as shown in Figure 10. In this case, two
equations are obtained: A - A-1 = N + a, and A - A+1 = N - a.
Adding the two equations, we obtain (A - A-1) + (A - A+1) =
(N + a) + (N - a), thus -A-1 + 2A - A+1 = 2N. In this way, the
1-2-1 calculation can always determine 2N even though noise
is superimposed as shown in Figures 9 and 10.
N
N

A

A+1

Figure 9 Calculation for
removing DC noise

a

a

A-1

A

A+1

Figure 10 Calculation for
removing linear noise

We will explain an actual calculation example using
Figure 8. The first low-frequency component, N01, can be
calculated as follows: N01 = EZ1 - 2•EZ4 + EZ7. Then, this
calculation is repeated as follows: N02 = EZ2 - 2•EZ5 + EZ8,
N03 = EZ3 - 2•EZ6 + EZ9, and so on. After the sign conversion
and averaging processes, the results are output as flow noise.
This method can extract just the flow noise components
without influence from changes in flow rate. By specifying a
threshold for the noise quantity it is possible to specify and
output the causes of noise, such as air bubbles, slurries, and
electrode corrosion that are correlated with the noise quantity.
Figure 11 shows an example of flow noise diagnosis when air
bubbles exist.
Conventionally, the existence of air bubbles was assumed
based on fluctuations in reading. In contrast, this method can
quantify the amount of air bubbles and issue a warning when

Set the warning level to 20 cm/s
Low-frequency output

10

200.00

Warning output

400.00

Time [s]

250
240

Flow noise

Air bubbles 1%

−10

63

Velocity (low-frequency)

50

Dual frequency
(signal)

A-1

Velocity (dual-frequency)

60

600.00 Dual-frequency 800.00
output

230
220
210
200
190

Dual-frequency output [cm/s]
Low-frequency output [cm/s]

High-frequency
components

Warning is issued at flow noise of 20 cm/s

Figure 11 Example of flow noise diagnosis
Electrode Abnormality Diagnosis
Since electrodes that detect signals come in contact with
process fluids, many problems occur in practice. Therefore,
we have developed a method to detect electrode abnormalities
in advance. In order to diagnose electrodes, the electrode
potential, electrode resistance, insulation resistance, etc. are
analyzed by an external measuring instrument. With regard to
the electrode resistance measurement method, we have already
established a technology to measure the electrode resistance
and implemented it as the electrode adhesion diagnosis
function in the ADMAG AXF series. We therefore decided to
use this technology to develop a new electrode abnormality
detection technique.
Looking at Figure 6, it is assumed that the resistance
between electrodes A and C is resistance A and the resistance
between electrodes B and C is resistance B. In conventional
technologies, an electric current is flowed between electrodes
A and C and between electrodes B and C at the same time
to obtain resistance value AB which satisfies the equation:
Resistance A + resistance B = resistance AB. In contrast,
the ADMAG TI series can detect an electrode abnormality
by f lowing an electric current through each electrode pair
and measuring the resistance value A and resistance value B
separately. The electrode resistance can be calculated with the
following formula in a normal state.
Normal state
Resistance value A ≈ resistance value B
The following relation is found in an abnormal state.
When electrode A is in an abnormal state:
Resistance value B >> resistance value A
When electrode B is in an abnormal state:
Resistance value A >> resistance value B
In almost all cases when an electrode is abnormal, an
unbalance occurs between both electrodes. This enables an
electrode abnormality to be detected by performing the above
calculation.
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A
B
C
RA
RB
VA
VB

When electrode
B is abnormal

(Current between A and C)

Transmitter

Sensor

: Electrode A
: Electrode B
: Reference potential (common)
: Wetted resistance of electrode A
: Wetted resistance of electrode B
: Potential of electrode A
: Potential of electrode B

Input amplifier
A

C

B

Excitation circuit
(Current between B and C)

R

Normal operation

Coil current
(The electric current indicated by a dotted line does not flow to the coil.)

If the insulation deteriorates, resistance R between the coil and the enclosure
decreases and an electric current corresponding to the decrease starts to flow.

Electrode A only
Electrode B only

Transmitter

Sensor

Input amplifier
A

C

B

Excitation circuit
Coil current

Figure 13 Coil current in normal state
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CH1:
Signal
CH2:
Excitation

CH1

CH2
Voltage

CH2

Time

Time

CH2

Transmitter A
CH1:
Signal
CH2:
Excitation

CH1

CH1:
Signal
CH2:
Excitation

CH1

Transmitter A

Time

Transmitter B
(a) Waveform just after power-on

CH2
Voltage

Coil Insulation Diagnosis
As with electrode abnormalities, problems with the
exciting coil insulation often occur. To develop a method
for diagnosing insulation conditions, we focused on the
electric current that flows when the insulation of the coil has
deteriorated. Figure 13 shows an electric current that flows
through the coil of the sensor in a normal state. Usually, it is a
square waveform AC current.
If the insulation inside the sensor deteriorates for some
reason (typically the entry of water due to deterioration of the
seal in the connection terminal or electrode), a leakage current
path is formed between the exciting coil and the enclosure.
Electric current flows to the enclosure, circuit common, and
excitation circuit via path resistance component R as shown
in Figure 14. Coil insulation deterioration can be detected by
detecting this current or a change in current.
Conventionally, it is necessary to remove the cable and
check the insulation resistance, etc. in order to determine the
deterioration. In contrast, our diagnosis method can detect the
problem early by monitoring the electric current that flows
between the coil and the enclosure.

Cable Connection Diagnosis
When multiple remote type magnetic f lowmeters are
installed and wired at the same time, a wiring error often
occurs due to a wrong combination of the excitation line and
the signal line. If the wiring error can be detected quickly, it
does not matter too much; a problem arises when it is difficult
to identify the cause. If two flowmeters with wrong wiring
are turned on simultaneously as shown in Figure 15 (a),
these show synchronization and their operation (waveform)
appears to be normal. As shown in Figure 15 (b), however,
a time lag occurs over time between the signal waveform
and the excitation waveform and the two flowmeters fall out
of synchronization. This discrepancy causes unstable and
fluctuating output. In addition, this condition is not constant;
the two flowmeters alternate between synchronization and
asynchronization, and restarting could normalize their output.

Voltage

Figure 12 shows the operating principle. In Figure 12,
the current value is constant and known so we describe the
operating principle using the voltage.
In a normal state, the relation between the voltage of normal
operation and the voltage of electrode A and electrode B can be
expressed with the formula: Voltage VA - voltage VB = voltage
(VA - V B). If an electrode is in an abnormal state, its voltage
becomes lower than the normal voltage. In Figure 12, the voltage
of electrode B is detected as being low. In this way, an electrode
abnormality can be detected using this potential difference.

Figure 14 Coil current in case of decreased insulation

Voltage

Figure 12 Detection of electrode abnormality

CH1:
Signal
CH2:
Excitation

CH1

Time

Transmitter B
(b) Waveform after a while

Figure 15 Waveforms with wiring error
We have developed a method of detecting a wiring error
easily at the installation stage. For the operating condition,
the measuring tube must be filled with water. The diagnostic
method is very simple; it is based on changes in signal
waveforms when excitation is on and off. When there is a
change, the wiring is normal. If no change is detected, there is
a wiring error due to a wrong combination of cables.
Figures 16 and 17 show the basic operations. If
excitation of transmitter A is turned off in a normal state, the
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excitation and signal disappear at the same time (Figure 16).
If excitation lines A and B are connected wrongly, the signal
components remain (Figure 17). We use this characteristic to
diagnose the cable connection. This function can detect a cable
connection error in just a few seconds that otherwise could not
be detected by a field investigation due to poor reproducibility.
CH1:
Signal
CH2:
Excitation

CH2
CH1

CH1

Time

Time

Transmitter A
Transmitter B
Normal operation
CH2

Voltage

In normal state,
both signals disappear.
CH1

CH1:
Signal
CH2:
Excitation

CH1:
Signal
CH2:
Excitation

CH2

Voltage

Transmitter B
Sensor B
Excitation line B
Signal line B

CH1:
Signal
CH2:
Excitation

CH2

Voltage

Signal line A

Voltage

Transmitter A
Sensor A
Excitation line A

CH1

Time

Time

Transmitter A
Transmitter B
When excitation of transmitter A is turned off

Figure 16 Normal wiring
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Signal line A

CH1:
Signal
CH2:
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CH1

If the excitation lines are connected wrongly,
a signal is generated by transmitter B.

Time

Transmitter A
Transmitter B
Normal operation
CH2

Signal line B

CH1

Time

Excitation line B
Sensor B
Voltage

Excitation line A
Transmitter B

CH1:
Signal
CH2:
Excitation

CH2

Voltage

CH1:
Signal
CH2:
Excitation

CH2

CH1:
Signal
CH2:
Excitation

CH2

Voltage

Sensor A

Transmitter A

CH1

Time

Time

Transmitter B
Wiring error is detected by checking this signal. Transmitter A
When excitation of transmitter A is turned off

Figure 17 Wrong wiring

This function makes it easy to compare the latest and
past measured values. Note that the maximum number of data
records that can be displayed is 100 on the horizontal axis.
The data logging function stores a maximum of 240
hours of data in a dedicated micro SD card. It can also
display the stored data in graphs. The data format is a tabdelimited text file, which can be easily converted to graphs
with commercially available spreadsheet software, etc. Up
to four data items can be stored from among flow rate (%),
flow velocity, volume flow rate, mass flow rate, flow noise,
electrode resistance, electrode A voltage, electrode B voltage,
and flow rate signal peak value.
These two functions improve ease of maintenance.

CONCLUSION
The ADMAG TI series flowmeter is designed based on a
common platform and has been developed taking advantage of
this benefit. By standardizing the design of functions common
to each model, we concentrated resources on developing new
functions specific to individual products. As a result, we have
been able to develop a product with advanced technologies
including the core technologies presented in this paper.
We will continue to expand the product lineup aiming to
increase customer value and enhance functionality throughout
the product lifecycle under the Total Insight concept.
We hope that the ADMAG TI series magnetic flowmeter
will be used effectively by customers along with the
ROTAMASS TI Coriolis flowmeter, which is based on the
common platform.
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example.

(1) Osamu Yoshikawa, Hironobu Ohta, et al., “New ADMAG AXF
Series Magnetic Flowmeters,” Yokogawa Technical Report English
Edition, No. 37, 2004, pp. 15-20
(2) Yutaka Aoyama, Akio Yasumatsu, et al., “ADMAG AXR Two-wire
Magnetic Flowmeter,” Yokogawa Technical Report English Edition,
Vol. 53, No. 2, 2010, pp. 79-84
* ADMAG, AXG, AXW, and FieldMate are registered trademarks or
trademarks of Yokogawa Electric Corporation, and ROTAMASS is a
registered trademark of Rota Yokogawa.
* All other company names or product names that appear in this paper are
either trademarks or registered trademarks of their respective holders.

Figure 18 Online trend screen
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