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Truing of grinding wheel is necessary in the grinding process because deterioration of the surface condition
of the grinding wheels decreases the quality of grinding processes. To prevent the outflow of defective products,
the truing interval for the grinding wheel is set with a margin, which causes increased production downtime and

wasteful use of grinding wheels, resulting in lower productivity and higher tool costs. Evaluation of workpiece

surface conditions in grinding processes is mainly done by skilled operators and is time-consuming since the work

is performed outside of the grinding machine. We have developed a Workpiece Surface Condition Monitoring

System, which rapidly monitors workpiece surface conditions on-machine by adding an acceleration sensor to the

sizing device mounted on the grinding machine. This system has been confirmed to have the same accuracy as an

off-machine measuring device, reduces evaluation time by performing measurement on-machine and allows for

quantitative evaluation without relying on skilled operators. In addition, it contributes to productivity improvement

by optimizing the truing interval based on measurement results, and to tool cost reduction by extending the life of

grinding wheels.
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1. Introduction

The grinding process is a machining method that cuts
the workpiece with a grinding wheel that is rotating at
high speed, removing the workpiece surface by small,
high-speed cutting. Because it produces high machining
accuracy and good surface condition, it is used in
the machining process for many products including
automobile components. However, when the grinding
wheel surface condition deteriorates, the machining
quality also deteriorates, and reshaping of the grinding
wheel by regular truing is necessary. Ordinarily, in order
to prevent defective products, the truing interval is set
short with a margin, so the grinding wheels are not used
all the way until they are fully deteriorated. And setting a
shorter truing interval will increase production downtime,
which is also a factor in reduced productivity.

On the other hand, the quality evaluation of the
workpiece after grinding is time-consuming as it is
measured off the machine. Furthermore, there is a time
lag before the evaluation results are fed back to the
machining process, and during which time there is a risk
of machining failures occurring. Some quality control
items rely on sensory evaluations performed by skilled
operators, and a shortage of skilled operators due to a
declining workforce is becoming an issue confronting the
manufacturing industry.
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This report introduces a Workpiece Surface Condition
Monitoring System which was developed to solve these
issues and will produce a large innovation in grinding
quality control.

2. Workpiece Surface Condition
Estimation Technology

2.1 On-site Evaluation of Workpiece Surface
Condition

There are many quality objectives for the workpiece
after grinding, such as dimensions, roundness, chatter,
roughness, grinding pattern, and so on. Of these, because
the evaluation of grinding pattern cannot be measured
with a surface roughness gauge, skilled operators have
to remove the workpiece from the machine and perform
a sensory evaluations like visual checking (Fig. 1). In
response to this, it’s possible to measure the grinding
pattern quantitatively with an optical Coordinate
Measuring Machine. However, it takes time for tasks
such as cleaning the workpiece, and as described before
there is a time lag before the measurement results are
fed back to the process, resulting in the risk of defective
products. Furthermore, installing an optical Coordinate
Measuring Machine inside the machine to perform on-
machine measurements is not practical due to problems
of installation space and coolant resistance. For these
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reasons, we developed a technology to estimate the
surface condition of workpieces in a short time on-
machine, utilizing the sizing device mounted on the
grinding machine.
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Fig. 1 Evaluation of workpiece surface

2.2 Overview of Workpiece Surface Condition
Estimation Technology"

An overview of the developed workpiece surface
condition estimation technology is shown in Fig. 2. As
described above, we utilize the sizing device mounted on
the grinding machine for data measurement. This means
that with this technology, the sizing device that measures
the workpiece dimensions during machining is also used
to measure the undulations of the workpiece surface. In
addition, an acceleration sensor is added to the sizing
device, enabling simultanecous measurement of minute
vibrations, in other words, workpiece surface chatter,
during workpiece rotation. Using this measurement
device, we collect sizing measurement data (low
frequency) and acceleration sensor data (high frequency)
over several rotations while traversing the workpiece after
grinding.

At the data analysis process, first remove the

unnecessary noise components from the sizing
measurement data that was acquired in a spiral on the
workpiece, and then create a map showing the undulation
condition in the axial direction of the workpiece. Next,
divide the acceleration sensor data that was collected
at the same time into regular intervals and match the
phases of the divided data to create a map showing the
chatter condition in the circumference direction of the
workpiece. Finally, combine the axial direction map and
the circumference direction map to create a 3D map of
the surface condition. As a result, it is possible to clearly
indicate the features of the grinding pattern in the 3D map
of the surface condition.

2. 3 Estimating Surface Roughness Using the 3D
Map of the Surface Condition

By calculating the roughness curve from the 3D map
of the surface condition, it is also possible to estimate the
workpiece surface roughness. In order to investigate the
correlation between the estimated roughness calculated
using this technology and the actual measured roughness,
we did a continuous grinding test on a cylindrical grinder,
and compared the 3D maps of the workpiece surface
condition after grinding (Fig. 3). In Fig. 3 (a) when the
amount of grinding removal immediately after truing is
small, the 3D map of the workpiece surface condition
is smooth. However, in Fig. 3 (b) when the amount of
grinding removal increased, the surface condition became
rougher. In this way, the 3D map of the surface condition
shows the changes in surface of the workpiece resulting
from an increase in the amount of grinding removal. As
shown in Fig. 4, there is strong correlation (coefficient
of correlation 0.92) between the actual measured surface
roughness and the estimated value calculated from the 3D
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Fig. 2 Overview of surface condition estimation technology
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map of the surface condition. The difference between the
actual measured value and estimated value is 0.05 um or
less, showing that highly accurate estimation is possible.
Based on the above, it was confirmed that the estimation
accuracy of this technology is on the same level as an off-
machine measuring device.
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Fig. 4 Comparison of measured and estimated surface
roughness

3. Workpiece Surface Condition
Monitoring System

3.1 System Configuration
A Workpiece Surface Condition Monitoring System

(Fig. 5) was developed based on the workpiece surface

condition estimation technology described above. The

measurement process in this system is divided into four
steps, and all processing is completed in approximately

10 seconds.

(1) After grinding is completed, rotate the workpiece
while moving the sizing device relative to the
workpiece (traverse).

(2) During this relative movement, use the sizing device
and acceleration sensor to get measurement data, and
store them into the edge computer.

(3) Create a 3D map of the surface condition from
the measurement data, and calculate the estimated
roughness and the other quality objectives.

(4) Provide feedback of quality information to the
grinding machine, and display it on the operation
panel screen.

The features of the developed measurement system are
shown below.

U The operator can check the quality of the grinded
surface in real time on the machine after machining.

O The time and staff-hours required for previous off-
machine measurements are reduced, allowing the
operator to perform the next process quickly.

[0 The evaluation of surface condition, which was
dependent on the senses of a skilled operator before,
can be evaluated quantitatively. This achieves
consistent quality control and contributes to improving
workpiece quality.

0 Truing based on the measurement results can extend
the service time of the grinding wheel. Reducing the

Workpiece Surface Condition Monitoring System
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number of times that truing is performed contributes to
productivity improvement and tool cost reduction.

0 The measurement data is collected by an edge
computer and can be used to make decisions for
product improvements and preventive maintenance by
analyzing long-term trends.

As a result of the above, it is believed that this
measurement system can contribute to customer
productivity improvement.

3. 2 Result Display Screen

The measurement results from this system are
displayed on the grinding machine operation panel
screen as shown in Fig. 6. When the Workpiece Surface
Condition Monitoring System is selected on the operation
panel screen, the screen at the top of the figure is
displayed. The latest measurement results (3D map of
the surface condition, estimated surface roughness, and
other numerical results) are displayed on the left side of
the screen. And the operator can select to display the past
measurement results on the right side of the screen. For
example, by comparing the results measured immediately
after truing and the latest measurement results, changes in
the 3D map of the surface condition and estimated surface
roughness can be identified.

3D map of surface condition Estimated results

& [um]
I [mm]
B [um]

5 T e (= B L]
Automatic update Select measurement system | Past measurement

after measurement results

Plotted automatically

rUpper limit value after measurement

o Warning value

[ e

#ERa pm

Changes in surface
roughness

10 112

MTA

Fig. 6 Measurement result display screen
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When the operator selects [Change screen] on the
operation panel, the screen at the bottom of the figure
is displayed. This screen shows the estimated surface
roughness for each time machining is performed, allowing
the operator to visually confirm the margin relative to the
control value from the plot.

3. 3 System Operation and Effects

In the current machining site, the truing interval
of the grinding wheel is managed by the number of
workpieces. Ordinarily, the truing interval is set with a
margin to prevent defective products. As a result, truing
is performed even when there is still a margin with the
quality control upper limit, resulting in a shorter grinding
wheel life. This system allows optimal management of the
truing interval by monitoring the 3D map of the surface
condition (Fig. 7), enabling effective use of the grinding
wheel and contributing to tool cost reduction. The effects
are particularly large when grinding with high-price
abrasive grains (CBN or diamond).

The effects from use of this system in a drive pinion
manufacturing process are shown below.

O Reduction in off-machine measurement staff-hours:

Approx. 220 000 yen/year

(Estimated 10 min/day x 22 days % 12 months x 5 000

yen)

0 Reduction in defective products: Approx. 200 000 yen/
year

(Estimated 100 products/year x 2 000 yen)

U Reduction in use of grinding wheels by improving the
grinding wheel life: 1 to 2 wheels/year

(Maximum 600 000 yen reduction)

A total annual cost reduction of up to approximately
one million yen can be expected. Reducing truing work
also can contribute to improving the productivity of
production equipment.
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Fig. 7 System use case
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4. Conclusion

The developed Workpiece Surface Condition
Monitoring System can quickly and accurately estimate
the workpiece surface condition after grinding. In
particular, it enables quantitative evaluation of the
grinding pattern, achieving consistent quality control
without relying on sensory evaluations by skilled
operators. Optimizing the grinding wheel truing interval
based on the measurement results extends the grinding
wheel life and contributes to cost reduction as well as
productivity improvement.

In the future, we will aim to evolve this system into
a system that can perform truing automatically, aiming
for further improvement of productivity. Additionally,
by incorporating [oT (Internet of Things) technologies,
we intend to further expand the application range of
this technology, utilizing it for the analysis of long-term
trends and preventive maintenance.
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