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A Study on Penetration Performance of Bit Design Geometry
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Abstract In this study, we carried out finite element analysis for drill bit design on ground boring. We
verified analysis between drill bit analysis results and experiment results of test machine. From the study, the
results expect that time and cost reduction for experiment using finite element analysis for determination on drill
bit geometry and material property.
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[Table 1] Material Properties of analysis
(a) EYH|E B4 .
35 e af ‘avr
Density 8,820 kg/m’
Shear Modulus 8.26E+ 10Pa (a) Casel (b) Case2 (c) Case3
[13! 2] Impregnated Bit H|A]&=d
(b) e B4 [Fig. 2] Mesh Model of Impregnated Bit
+5 spger
Density 8,930 kg/m’
Compressive Strength 1.08E+8 Pa
Shear Modulus 2.206E+10Pa
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[ 3] Impregnated Bit(Casel) =7 {4 Ax}
[Fig. 3] Penetration Analysis of Impregnated Bit(Casel)
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(c) Case3
[32! 1] Impregnated Bit -3-23}j4]
[Fig. 1] Stress analysis of Impregnated Bit
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[Fig. 4] Penetration Analysis of Impregnated Bit(Case2)

(a) 40,000 cycle

(c) 100,000 cycle

(e) 10ms(H|E3ESH
[12! 5] Impregnated Bit(Case3) =X dlj4] dx}
[Fig. 5] Penetration Analysis of Impregnated Bit(Case3)
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[Table 2] Result of Impregnated Bit(Casel)

o] BLUALE AeHc.

'{nulg;e cycle mesh 4= %nélf;]? BN
- 0 250,000 0
1.12 20,000 249,904 96
2.24 40,000 249,834 166
3.36 60,000 249,780 220
4.48 80,000 249,728 272

4361

5.59 100,000 249,670 330
6.71 120,000 249,629 371
7.82 140,000 249,568 432
10 179,317 249,471 529
[ 3] Impregnated Bit(Case2) =% Au}
[Table 3] Result of Impregnated Bit(Case2)
’fllnnsl)e cycle mesh 4= g%?;ﬁl EN
- 0 250,000 0
1.41 20,000 249,818 182
2.82 40,000 249,672 328
4.24 60,000 249,509 491
5.65 80,000 249,397 603
7.06 100,000 249,232 768
8.47 120,000 249,094 906
10 141,687 248,944 1,056
[E 4] Impregnated Bit(Case3) =% Ax}
[Table 4] Result of Impregnated Bit(Case3)
’frlnnsl)e cycle mesh 4= %Ié_l'fsﬁl BN
- 0 250,000 0
1.40 20,000 249,770 230
2.81 40,000 249,598 402
4.21 60,000 249,385 615
5.61 80,000 249,252 748
7.01 100,000 249,136 864
8.41 120,000 249,989 1,011
10 142,848 2438 844 1,173
3.3 EZIds siA(PCD Bit)

[22! 6] PCD Bit 32+ AA =3
[Fig. 6] 3D model of PCD Bit
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<Casel(ZJAF=10)> <Case 2(ZAF=0)>
<Casel(JAF=10)> <Case 2(ZHAFZ=0)>

[3% 7] Bitzl=o] w2 PCD Bit FA4F
[Fig. 7] PDC Bit geometry according to angle
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(a) 100,000 cycle

(b) 220,000 cycle

(c) 340,000 cycle

(d) 15ms

(e) 15ms(Bit Z3}H)
[ 8] PCD Bit(AAHZ=10) 24 a4 Az}
[Fig. 8] Penetration Analysis of PDC Bit(angle=10)

(a) 100,000 cycle (b) 220,000 cycle
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(e) 15ms(Bit 3E3})

(c) 340,000 cycle

(d) 15ms

[3& 9] PCD Bit(AA=0) 2% 34 Azt
[Fig. 9] Penetration Analysis of PDC Bit(angle=0)

[E 5] PCD Bit(Casel) 2% Zz}
[Table 5] Penetration result of PCD Bit(Casel)

};lnn;)e cycle mesh 4= %_naj'f%i BN

- 0 250,000 0
2.05 60,000 249,967 33
4.10 120,000 249,948 52
6.16 180,000 249,921 79
8.22 240,000 249,900 100

10 291,991 249,874 126
12.30 360,000 249,846 154

15 437,626 249,810 190

[E 6] PCD Bit(Case2) =% Zz}
[Table 6] Penetration result of PCD Bit(Case2)

’{rlnnsl'): cycle mesh 4= %r%ez]lil EN

- 0 250,000 0
1.95 60,000 249,990 10
3.89 120,000 249,975 25
5.84 180,000 249,961 39
8.43 260,000 249,937 63

10 308,386 249,921 79
12.30 380,000 249,898 102

15 462,589 249,876 124
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[Fig. 10] Machine for Peneration Test

[22! 11] Imprgnated Bit =3 A|HAI AR HF)
[Fig. 111 Test result of Penetration(Current)
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[Fig. 12] Comparison of analysis and test result
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[Fig. 13] Test result of Penetration(Current)
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[Z2! 14] PCD Bit 3[4 9 A|&dZ3} v
[Fig. 14] Comparison of analysis and test result
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