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1. Calculation for the maximum pressure during RUM 

Highest force FH = 81.57 N (Experiment Table 5) 

Lowest force FL = 57.56 N (Experiment Table 5) 

Tool inner diameter di = 10 mm 

Tool outer diameter do = 12 mm 

Area 𝐴0 =  
𝜋

4
(𝑑𝑜

2 − 𝑑𝑖
2) = 35.558 mm2 

Abrasive concertation Ca = 100 [1] 

Abrasive material density 𝜌 =  3.52 × 10−3 𝑔

𝑚𝑚3 [1] 

Grit/Mesh size = 100–120 [1] 

Abrasive size Sa = 0.137 mm [1] 

Abrasive edge radius = 1–10 µm [2] 

Diamond elastic modulus E = 1200 Gpa [3] 

Silicon elastic modulus : 130 Gpa [4] 

Poisson’s ratio for diamond = 0.0691 ~ 0.2 [5]  

Poisson’s ratio for silicon = 0.26 [4] 
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E* = 124.97 Gpa 

Number of active abrasives on the edge of a RUM cutting tool 

𝑁 =  (
(𝐶𝑎  × 0.88−3)

(100 ×(
𝜋
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× 𝐴0 [6] 

N = 79.43 ~ 80 

Peak pressure 𝑃0 =
3

2
(

16𝑊𝐸∗2

9𝜋3𝑁𝑅2)

1

3

 Hertzian contact [7] 

For highest load, 𝑃0 =
3

2
(

16×81.57×(124.97×109)2

9𝜋3×80×(10×10−6)2 )

1

3
= 31.35 𝐺𝑃𝑎, R = 10µm  
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For highest load, 𝑃0 =
3

2
(

16×81.57×(124.97×109)2

9𝜋3×80×(1×10−6)2 )

1

3
= 145.52 𝐺𝑃𝑎, R = 1 µm 

For lowest load, 𝑃0 =
3

2
(

16×57.56×(124.97×109)2

9𝜋3×80×(10×10−6)2 )

1

3
= 27.91 𝐺𝑃𝑎, R = 10µm  

For lowest load, 𝑃0 =
3

2
(

16×57.56×(124.97×109)2

9𝜋3×80×(1×10−6)2 )

1

3
= 129.55 𝐺𝑃𝑎, R = 1 µm 

Table S1. Calculated maximum pressure during RUM. 

Cutting force (N) Abrasive radius ((μm) Peak pressure (GPa) 

57.56 10 31.35 

57.56 1 145.52 

81.57 10 27.91 

81.57 1 129.55 

Therefore, with rotary ultrasonic machining (RUM) cutting tool the local peak pressure was more 

than the pressure induced phase transformation (Si-I → Si-II), requirement for creating ductile 

deformation zones [8]. 

References 

[1] Fernando PKSC, Pei ZJ, Zhang M. Mechanistic cutting force model for rotary ultrasonic machining 

of rocks. Int. J. Adv. Manuf. Technol. 2020, 109(1):109–128. 

[2] Liu Y, Li B, Wu C, Kong L, Zheng Y. Smoothed particle hydrodynamics simulation and 

experimental analysis of SiC ceramic grinding mechanism. Ceram. Int. 2018, 44(11):12194–12203. 

[3] Klein CA, Cardinale GF. Young’s modulus and Poisson’s ratio of CVD diamond. Diam. Relat. 

Mater. 1993, 2(5):918–923. 

[4] Hopcroft MA, Nix WD, Kenny TW. What is the Young’s modulus of silicon? J. Microelectromech. 

Syst. 2010, 19(2):229–238. 

[5] Shekhar M, Yadav SKS. Diamond abrasive based cutting tool for processing of advanced 

engineering materials: a review. Mater. Today Proc. 2020, 22:3126–3135.  

[6] Liu D, Cong WL, Pei ZJ, Tang Y. A cutting force model for rotary ultrasonic machining of brittle 

materials. Int. J. Mach. Tools Manuf. 2012, 52(1):77–84 

[7] Johnson KL. One hundred years of Hertz contact. Proc. Inst. Mech. Eng. 1982, 196(1):363–378. 

[8] Hu JZ. Crystal data for high-pressure phases of silicon. Phys. Rev. B 1986, 34(7):4679–4684. 


