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Development of the Dental-crown Machine Tool with Machining
Process Monitoring
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Abstract Dental crowns are shaped by machining with a five-axis machine using the CNC(Computer
Numerical Control) program. On the other hand, an operator is required to monitor the machining
process consistently when the CNC program is used. Thus, there is a need to monitor the machining
process to increase the machining efficiency and achieve smart machines with artificial intelligence
functions in the future. This paper proposes a new sensor installation method that can easily produce
acquisition machining process information during machining. The continuous monitoring of the
machining process using this sensor was assessed. The bearing temperature and rotational speed were
monitored using a thermocouple and inverter for the motor controller. In addition, a three-axis load cell
was used to monitor the spindle vibration and tool wear. In particular, the load cell was installed
between the spindle and the vertical column to avoid interference by signal lines between the tool and
the workpiece. Monitoring the temperature, rotational speed, spindle vibration, and tool wear using
these sensors allowed the machining process to be assessed while machining the crown without an
operator. Moreover, the developed machine tool for dental-crown showed a machining accuracy of less
than 30 micrometers.
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Accuracy

H =2 SAHAT|GE 45t Collabo R&D AFY"9] 2A|¢E ®lol 3d A,
*Corresponding Author : Jong Hang Lee(Tech University of Korea)

email: ljh@tukorea.ac.kr

Received February 11, 2022 Revised April 4, 2022

Accepted May 6, 2022 Published May 31, 2022

597



el

R

2] A2349 A535, 2022

=

—

1. M

Ao A AREElE FEke(crown)S 5% o3t
CNC 752 & A&t o= 37AF 1 ~ 6 mmY
ANerto] o5t At 7ol ks EAS 7L 3l
=g
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Fig. 1. Concept design for the 5 axis dental-crown
machine with wet and dry machining modules.

Fig. 2. Photograph of the dental-crown machine with
dry machining module.
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Fig. 3. Photograph of a fabricated load-cell between
bracket and spindle housing (dotted line box).
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Fig. 4. Schematic diagram of the process monitoring
system for dental-crown machining.
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Table 1. Specification of temperature sensor and
load-cell.

Temperature sensor Load-cell

K type thermocouple Strain gage with 3 axis

Input : ~100 mV analog Capacity : 500 N
Precision : 0.3 %F.S Output : 2.0£10% mV/V
Data Communication : Precision : 0.5 %F.S.

RS485 (RTU) Non-linearity : 0.5 %F.S.

Model : CF-9852 (CAS)

Model : TK4N (AUTONICS)
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Fig. 5. Temperature signal trend during spindle
operation without lubrication cooling
(sampling time: 0.1 sec).
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Fig. 6. Rotational speed trend during spindle
operation. (sampling time: 0.1 sec)

w ~
o o

Amplitude
=

o

T

0 100 200 300 400
Frequency [Hz]

Fig. 7. FFT signal of a load-cell for spindle vibration.
(sampling frequency: 5 kHz)
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(b) FFT characteristics of the worn tool.
Fig. 8. FFT signal of a load-cell for the fresh and
worn tool. (sampling frequency: 5 kHz)
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Table 2. Experimental conditions for performance
test.

Values

10,000 rpm

Cutting parameters

Rotational speed

Feed rate 300 mm/min
Cutting depth (z-axis) 0.2 mm
Cutting depth (radial) 1 mm

Tool dia. (flat end-mill) 6 mm with 2 blades

Zirconium Dioxide (ZrOz)

Workpiece & dimension 40 x 40 x 40 mm

No. of cutting test 10

Fig. 9. Photograph of measurement for spindle
run-out.

A2HE9] Hol(run-out) &3 Fig. 99} Zo] =
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Fig. 10. Photograph of end-milling for performance
test.

Fig. 11. Photograph of workpiece after 10 times
cutting test.
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Fig. 12. Machining accuracy for 10 times cutting test.
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