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Fig. 1-1 Fourth industrial revolution.

Source: The German government (Industrie 4.0)
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Fig. 1-2 Challenges in production technology. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1-3 Japan's population transition forecast. 
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Fig.1-4 System using IoT technology.

Fig.1-5 Wireless holder system.
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Fig.1-6  Trends in the medical device industry (Global market). 
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Fig.1-7  Trends in the medical device industry (Domestic market). 

 

1.17)

1.18)

1.19 1.20)

5 5MC

1.21)-1.23)

3

3

(100 million yen)

Domestic market

Growth rate

Source: Ministry of Health, Labor and Welfare



 - 8 -  

1.24), 1,25) 1.26), 1,27)

 

 

 

 

X, Y, Z

4

S50C SKD61

HRC40 53

 



 - 9 -  

 

 

S50C

SUS310S Ti-6Al-4V ELl 3

  

 

 

 

 



 - 10 -  

 

1.1) 2019 6 11  “2019

” 

1.2) 

Vol.52, No.1 2013 2-4 

1.3) “

”

Vol.79, No.10 (2013), 964-969 

1.4) “ MIC

” Vol.85, 

No.3(2019), 260-266 

1.5) 

Vol.70 No.3 (2004) pp.407-411  

1.6) 

1

C Vol.61 No.586 1995-6 418-424 

1.7) S.E. Oraby, D.R. Hayhurst, “High-capacity compact three-component cutting force 

dynamometer”, International Journal of Machine Tools and Manufacture, Vol.30, 

Issue 4(1990), 549-559 

1.8) 

Vol.85, No.879(2019), 19-00292   

1.9) 



 - 11 -  

Vol.64 No.3 1998 465-469 

1.10) Mahfudz ALHUDA CBN

Vol.64, No.11(1998), 1684-1688 

1.11) 

Vol.60, 

No.3(2019), 146-152 

1.12) Vol.9, 

No.101(1942), 146-156 

1.13) Tengyu Cao, John W. Sutherland, “Investigation of thread tapping load 

characteristics through mechanistics modeling and experimentation”, International 

Journal of Machine Tool and Manufacuture”, Vol.42, Issue 14(2002), 1527-1538 

1.14) 

3 , Vol.68, No.9(2002), 1226 - 1230 

1.15) Aunj Kapadia, Roger van den Heuvel, Chris Stirling, Jia Zhou  “Medical Devices 

2030: Marking a Power Play Avoid the Commodity Trap”, Jan., 2018 

1.16) “ ” 2019 8  

1.17) E. D. Doyle, S. K. Dean, “Effect of axial forces on dimensional accuracy during 

tapping”, International Journal of Machine Tool Design and Research, Vol.14, Issue 

4(1974), 325-333 

1.18) Oleg A. Mezentsev, Richard E. DeVor, Shiv G. Kapoor, “Prediction of Thread 

Quality by Detection and Estimation of Tapping Faults”, Journal of Manufacturing 

Science and Engineering”, Vol.124, Issue 3(2002), 643-650 

1.19) Jing Ni, Guodong Feng, Zhen Meng, Tao Hong, Yebo Chen, Xin Zheng, 

“Reinforced lubrication of vegetable oils with graphene additive in tapping ADC12 



 - 12 -  

aluminum alloy”, International Journal of Advanced Manufacturing Technology, 

Vol.94(2018), 1031-1040 

1.20) Inigo Elosegui, Unai Alonso, Luis Norberto Loqez de Lacalle, “PVD coatings for 

thread tapping of austempered ductile iron”, International Journal of Advanced 

Manufacturing Technology, Vol.91(2017), 2663-2672  

1.21) 

, 

Vol.59 , No.2 (2015), 91 – 94 

1.22) T. Ikegami, T. Hirogaki, E. Aoyama, “Development of Automatic Servo Tuning 

Function in Rotary Axis with DDM for Machine Tools and its Performance for 

Stable Machining”, Journal of Materials Sci Forum, Vol.874 (2016) 511–516 

1.23) T. Suzuki, K. Yoshikawa, T. Hirogaki, E. Aoyama, T. Ikegami, “ Improved Method 

for Synchronizing Motion Accuracy of Linear and Rotary Axes Under Constant 

Feed Speed Vector at End Milling Point – Investigation of Motion Error Under 

NC-Commanded Motion –”, International Journal of Autometion Technology, 

Vol.13 , No.5(2019), 679-690 

1.24) 

 , 

, Vol.56, No.1 (2012), 44 – 49 

1.25) C. Mei, “Active regenerative chatter suppression during boring 

manufacturing process”, Jounal of Robotics and Computer-Integrated 

Manufacturing, Vol.21, Issue 2 (2005), 153-158 

1.26) 

2



 - 13 -  

, , Vol.72, No.2(2006), 

224 – 228 

1.27) Cevdet Gologlu, Nazim Sakarya, “The effects of cutter path strategies on surface 

roughness of pocket milling of 1.2738 steel based on Taguchi method”, Journal of 

Materials Processing Technology, Vol.206, Issues 1-3 (2008), 7-15 

 



 - 14 -  

 

5 5MC

2.1), 2.2)

3

3

2.3), 2.4) 2.5), 2.6)

 

2.7)

2.8)



 - 15 -  

S50C SKD61 HRC40 53

 

 

2-1

ISO

2-1  

 

2-2



 - 16 -  

2-2(a)

2 1

3 2

2-2(b)

NC X-Y-Z 3

1 -Z

 

 

 

 

 

 

 

 

 

 

Fig. 2-1 Relationship between a general external thread and a female thread. 
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(a) Side cross section of thread milling          (b) Top view of thread processing. 

 tool during screw machining. 

Fig. 2-2 Thread mill tool. 
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Fig. 2-3 Used machining center with force sensor. 
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Fig. 2-4 Experimental setup. 

 

Fig. 2-5 Used thread mill tool. 
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(a) Bottom cutting edge.       (b) Side view. 

Fig. 2-6 Details of thread mill tool. 

 

Table 2-1 Experimental conditions. 

 

Feed speed Vf [mm/min] 57 

Feed rate Vt [mm/tooth] 0.038 

Number of revolutions n [rpm] 1500 

Tool diameter D [mm] 7.5 

Coolant Semi-dry (MQL) 

Rotational period of a tool T1 [s] 0.04 

The radius of the helical pass Rn [mm] 1.25 1.27 1.30 

Rotational period of the helical pass T2 [s] 8.27 

Outside diameter Ds [mm] 10 

Effective thread depth H [mm] 10 

Pitch p [mm] 1.5 

Hole before threading diameter d [mm] 8.5 

Hole depth before threading h [mm] 15 

Sampling time t [s] 0.0002 

Sampling frequency fs [Hz] 5000 
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Fig.2-7 Model of measurement 

 

 

 

 

 

 

 

Fig.2-8 Position torque arm Rt. 

 

M10 1.5 8.5 S50C SKD61

Torque T

Fxy

Fx

Fy

Fn
Ft

- D/2

X

YThe radius of 

helical path Rn

Revolution

Rotation

Tool

Thread height ht

Torque arm Rt Center of gravity 
of the thread

1/3ht



 - 23 -  

HRC40 53 Fxy Ft

Fn 2-9 2-9

2-9 1 2

2 3

1 2

2-6(b) 1

2 1

1 2

2 3 1

 

2-10 2-9 6

Fxy Ft Fn

2-10 Fxy

Fn

Ft Ft /Fn

2-11 2-11 Ft /Fn

Ft

Fn
2-9)

Fn 4 X

Y Z

4

 



 - 24 -  

(a) S50C (150 HV)                   

(b) SKD61 (400 HV)

(c) SKD61 (600 HV) 

Fig.2-9 Cutting force during thread cutting. 
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Fig.2-10 Relationship between hardness and cutting force. 

Fig.2-11 Relationship between hardness and Ft /Fn. 
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S50C SKD61 HRC40 53 0.020 mm

0.030 mm 0.035 mm 2-12

(2-5)  

 

= 64 3 ED1
4           (2-5) 

 

E P

E = 560 GPa . S50C SKD61 Fn

25 N 35 N (2-5) 0.009 mm

0.013 mm S50C SKD61 0.010 mm

0.015 mm

Table 2-2 Result of gage test. 

 Go Not - Go Result 

S50C, Rn = 1.250 ×  Small effective diameter 

SKD61(HRC40), Rn = 1.250 ×  Small effective diameter 

SKD61(HRC53), Rn = 1.250 ×  Small effective diameter 

S50C, Zero cut  × Large effective diameter 

SKD61(HRC40), Zero cut  × Large effective diameter 

SKD61(HRC53), Zero cut  × Large effective diameter 

S50C, Rn = 1.270   Good 

SKD61(HRC40), Rn = 1.280   Good 

SKD61(HRC53), Rn = 1.285   Good 
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Fig.2-12 Deflection measurement model.
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100 Hz 2 SKD61

 

 

Fig.2-13 Result of FFT (S50C). 

Fig.2-14 Result of FFT (SKD61). 
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Fig.2-15 Relationship between cutting force, X coordinate and time (SKD61). 
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Fig.2-16 Cutting force for one-rotation (Fx, Fy, SKD61). 

Fig.2-17 Cutting force for one-rotation (Ft, Fn, SKD61). 
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Fig.2-18 Result of IFT (Fy, Fn, SKD61). 

Fig.2-19 Processing modle. 
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3-1

 

Table 3-1 Experimental conditions. 

 

Feed speed Vf [mm/min] 57 114 

Feed rate Vt [mm/tooth] 0.038 

Number of revolutions n [rpm] 1500 3000 

Tool diameter D1 [mm] 7.5 

Coolant Semi-dry (MQL) 

Rotational period of a tool T1 [s] 0.02 0.04 

The radius of the helical pass Rn [mm] 1.25 

Rotational period of the helical pass T2 [s] 4.14 8.27 

Outside diameter Ds [mm] 10 

Pitch diameter of thread H [mm] 10 

Pitch p [mm] 1.5 

Hole before threading diameter d [mm] 0, 8.5, 9 

Hole depth before threading h [mm] 15 

Sampling time t [s] 0.0002, 0.00005 

Sampling frequency fs [Hz] 5000, 20000 

 

3-1 3.6)

BT30 2ch

ax1 ax2 5.5 mm

45 mm Xm Xm

1/2

0.1 s RMS Root Mean Square

50 Hz Xm Rm Xm

20 
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kHz 10 kHz

Fig.3-1 Monitor how to accelerate the vibration of wireless transmission.
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(a) Pilot hole 0.

(b) Pilot hole 8.5.

(c) Pilot hole 9.0.

Fig.3-2 Cutting Force during theard cutting (Vf = 57 mm/min, S50C).
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(a) Pilot hole 0.

(b) Pilot hole 8.5.

Fig.3-3 Vibration acceleration during thread cutting (S50C).
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(a) Pilot hole 0.

(b) Pilot hole 8.5.

Fig.3-4 Force and torque of one rotation (S50C).
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n = 3000 rpm Xm

n = 1680 rpm
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(a) Number of revolutions n = 1550 rpm.    (b) Number of revolutions n = 1600 rpm. 

(c) Number of revolutions n = 1680 rpm.    (d) Number of revolutions n = 3000 rpm.

Fig.3-5 Vibration acceleration during thread cutting (Pilot hole 0, S50C). 
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(a) Number of revolutions n = 1680 rpm.

(b) Number of revolutions n = 3000 rpm.

Fig.3-6 Force and torque of one rotation (S50C).
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(a) Number of revolutions n = 1680 rpm. 

(b) Number of revolutions n = 3000 rpm.

Fig.3-7 Result of FFT (one rotation, S50C).
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Fig. 4-1 Schematic of thread cutting force monitoring system. 

Table 4-1 Experimental conditions. 

 

Feed rate t [mm/tooth] 0.038 

Tool diameter 1 [mm] 7.5 

Coolant Semi-dry (MQL) 

Rotational period of a tool 1 [s] 0.07 

The radius of the helical pass n [mm] 1.25 

Rotational period of the helical pass 2 [s] 14.27 

Outside diameter s [mm] 10 

Effective thread depth [mm] 10 

Pitch [mm] 1.5 

Hole before threading diameter [mm] 8.5 

Hole depth before threading [mm] 15 

Sampling time t [s] 0.0005 

Sampling frequency s [Hz] 2000 
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Fig. 4-2 Using wireless holder system.

Fig. 4-3 Wireless holder coordinate system.
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(a) S50C (150 HV)

(b) SKD61 (400 HV)

(c) SKD61 (600 HV) 

Fig. 4-4 Cutting force from wireless holder (Tool runout 0.015 mm). 
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Fig. 4-5 Cutting force from dynamometer  

(One rotation, 5th revolution, tool runout 0.015 mm, S50C). 

Fig. 4-6 Cutting force from wireless holder  

(All processing, tool runout 0.055 mm, S50C). 

Fig. 4-7 Cutting force from dynamometer  

(One rotation, 5th revolution, tool runout 0.055 mm, S50C). 
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(a) S50C (150 HV)

(b) SKD61 (400 HV)

(c) SKD61 (600 HV)

Fig. 4-8 Cutting force from wireless holder

(One rotation, 5th revolution, tool runout 0.015 mm).
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Fig. 4-9 Result of hammering test. 
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Fig. 4-11 Relationship between cutting force, X coordinate and time (S50C). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-12 Relationship between hardness and cutting force. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-13 Approximate curve of output waveform from wireless holder. 
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Fig. 4-14 Result of wireless holder (One rotation, 5th revolution, S50C). 
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Fig. 4-15 Result of dynamometer (One rotation, 5th revolution, S50C). 

Fig. 4-16 Cutting force at tool center position -  = 270 ° 

(One rotation, 5th revolution, S50C). 

Fig. 4-17 Cutting area.
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Fig. 4-18 Cutting force at zero cutting measured by wireless holder 

 (All processing, S50C).
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Fig. 5-1 Photographed model and processed photo.

Fig. 5-2 Photographed by thermography.
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(a) S50C.

(b) SUS310S.

(c) Titanium alloy.

Fig. 5-3 Cutting force from wireless holder (All processing).
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Fig. 5-4 Cutting force from wireless holder (One rotation, 5th revolution).
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Table 5-1 Physical property value. 

 Medium-carbon 

steel 

25Cr–20Ni  

heat-resistant cast steel 

6Al-4V alloy  

(Ti-6Al-4V) 

Thermal 

conductivity

 [W/m K] 

51.5 15.9 7.6 

Density 

 [kg/m3] 

7850 7900 4420 

Specific heat 

 [kJ/kg K] 

0.473 0.54 0.537 
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(a) S50C.

(b) SUS310S.

(c) Titanium alloy.

Fig. 5-5 Cutting Temperature (Half sectional workpice, 4th revolution).
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(a) S50C.

(b) SUS310S.

(c) Titanium alloy.

Fig. 5-6 Photo of chips.
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(a) Cutting speed c = 20 m/min.

 

 

 

 

 

 

 

(b) Cutting speed c = 40 m/min.

 

 

 

 

 

 

 

(c) Cutting speed c = 60 m/min.

Fig. 5-7 Cutting force when processing Titanium alloy was measured with a 

 wireless holder (All processing, feed rate t = 0.038 mm/tooth).
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Fig. 5-8 Relationship between cutting speed and force. 
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(a) Feed speed f = 33 mm/min.

 

 

 

 

 

 

 

(b) Feed speed f = 50 mm/min.

 

 

 

 

 

 

 

(c) Feed speed f = 66 mm/min.

Fig. 5-9 Cutting force when processing Titanium alloy was measured with a 

wireless holder (All processing, cutting speed Vc = 20 mm/tooth). 
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Fig. 5-10 Relationship between feed speed and force 
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(a) Pilot hole 8.5.

 

 

 

 

 

 

 

(b) Pilot hole 7.0.

 

 

 

 

 

 

 

(c) Pilot hole 0.

Fig.6-1 Cutting force of work material S50C (All processing).
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(a) Pilot hole 8.5.

 

 

 

 

 

 

 

(b) Pilot hole 7.0.

 

 

 

 

 

 

 

 

(c) Pilot hole 0.

Fig.6-2 Cutting force of work material S50C (One rotation, 5th revolution).
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Fig.6-3 Processing model.
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(a) Pilot hole 8.5.

 

 

 

 

 

 

 

(b) Pilot hole 7.0.

 

 

 

 

 

 

 

(c) Pilot hole 0.

Fig.6-4 Relationship between time and force (One rotation, S50C).
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(a) Pilot hole 8.5.

 

 

 

 

 

 

 

(b) Pilot hole 7.0.

 

 

 

 

 

 

 

 

(c) Pilot hole 0.

Fig.6-5 Relationship between time and force (One rotation, 5th revoltion).
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Fig.6-6 Relationship between plane force and axial force  

(Pilot hole diameter 8.5, S50C).
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(a) S50C (150 HV).

 

 

 

 

 

 

 

(c) SKD61 (400 HV).

 

 

 

 

 

 

 

 

(c) SKD61 (600 HV).

Fig.6-7 Relationship between time and force (All processing).
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Fig.6-8 Relationship between work material hardness and cutting force.

3

 

1) 1

 

2) 8.5

0

50

100

150

200

250

300

0 200 400 600 800

Fxya (Pilot hole 0)

Fza (Pilot hole 0)

Fxya (Pilot hole 8.5)

Fza (Pilot hole 8.5)

F
o
rc

e 
[N

]

Hardness [HV]



 - 101 - 

 

3) 

 

6.1) Vol.9, 

No.101(1942), 146-156 

6.2) Tengyu Cao, John W. Sutherland, “Investigation of thread tapping load 

characteristics through mechanistics modeling and experimentation”, International 

Journal of Machine Tool and Manufacuture”, Vol.42, Issue 14(2002), 1527-1538 

6.3) 

3 , , Vol.68, No.9(2002), 1226-1230 

6.4) 

 

6.5) Shota Matsui, Nobutoshi Ozaki, Toshiki Hirogaki, Eiichi Aoyama, Ryo Matsuda, 

“INVESTIGATION OF CUTTING FORCE IN SCREW CUTTING BY THREE 

AXIS CONTROLLING HELICAL INTERPOLATE WITH A WIRELESS 

COMMUNICATION TOOL HOLDER SYSTEM”, Proceedings of the JSME 2020 

Conference on Leading Edge Manufacturing/Materials and Processing LEMP2020, 

LEMP2020-8540 

6.6) 

 



 - 102 - 

X, Y, Z



 - 103 - 

SUS310S Ti-6Al-4V ELl



 - 104 - 

8.5 mm



 - 105 - 

Ni

Ni

8.5



 - 106 - 

 

 

 

 

 

 


