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Study on influence of the rock breaking specific energy based on
parameters of spherical insert hob
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Abstract: The influences of five factors on rock breaking specific energy of spherical insert hob, such as
rotational speed, drilling pressure, number of cutter teeth, cutter head spacing and penetration, were studied. The
dynamic explicit model of double row hob cutting surrounding rock in straight line was established by using
ABAQUS finite element calculation software. Based on orthogonal test method, five factors and four levels
orthogonal test L16 (45) was set up. Through range analysis and variance analysis, the influence law of different
factors on rock breaking specific energy was found, and the rolling force and rock breaking effect of hob under the
optimal combination and the most unfavorable conditions were compared and analyzed. The results show that: the
order of influencing factors of rock-breaking specific energy of hobs is drilling pressure, cutter head spacing,
rotational speed, number of cutter teeth and penetration. The parameters of drilling tools suitable for weathered
tuff interbedding are rotational speed 12.56 m/s, drilling pressure 25 kN, number of cutter teeth 34, cutter head
spacing 35 mm, penetration 1 mm, and rock-breaking specific energy at this time. The optimum result is 0.382 8
MI/m?®.
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2 2 2 DOV LTI, R % FE A AR R
W, RSB A AR RS V) HIAE AL, XUT)
L5 S B 1 s % J) B EA 2N 300 mm,
A BRG] 2 B, V& R FH DY T A D A%
REAT KU R TR T AR I A XXl 23 (0 B TR R VR
TIBRNWIPEA, B S RIE T SR TR RIS 5. A
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Fig.1 Section size of inlaid hob

B2 #BELHBRAER

Fig. 2 Finite element model of hob and rock
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Tablel Rock material parameters

Fl 5 2001 EEI(kgm?)  FAPERR/GPa
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Table2 Orthogonal test table

ikEs
1% TIAHE

WIS sy g/ EONBE

(rads™) kN A PE/mm  mm
1 6.28 15 22 30 1
2 6.28 20 26 35 3
3 6.28 25 30 40 5
4 6.28 30 34 45 7
5 9.42 15 26 40 7
6 9.42 20 22 45 5
7 9.42 25 34 30 3
8 9.42 30 30 35 1
9 12.56 15 30 45 3
10 12.56 20 34 40 1
11 12.56 25 22 35 7
12 12.56 30 26 30 5
13 15.7 15 34 35 5
14 15.7 20 30 30 7
15 15.7 25 26 45 1
16 15.7 30 22 40 3

WRIER 2 MIEZ R e HE, 347 16 B,
N B RAS [F I 8] AR R T SOR, ik
BUAEe 11 SEAFIY & 1) Von-Mises B /) = [,
WK 3 Fion. BB 3 AIA, oA R T 1R
R BT O 0, 2 A 2 B ISR RN 58
TR E PR fE, RO A S kR, A
B VIR X o D T 5 LA [RGB 7R T
WA SR Z= e, EECT 1, 6, 11, 16 Skl
[ — W} %(t=1.25 s)[f) Von-Mises [ 1z B 347 %F
te, ikl 4 fros.
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(@) t=0.25s; (b)t=1.25s; (c)t=2.25s; (d)t=3.25s; (e)t=4.25s
3 RE 11 FHERIER T RE 8 %) %% Von-Mises 5 /) = A

Fig. 3 Von-Mises stress nephogram of rock at different time under the action of test No.11 spherical gear hob

(@) 1 5R5%: (b) 6 5L (c) 11 ZiRE: (d) 16 Sk
4 RERIEF) — B 23R RTAE R T & & Von-Mises & H =B

Fig. 4 \on-Mises stress nephogram of rock under the action of spherical gear hob at the same time in different tests
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M 4 T, EBAR 11 SR TIN5
SHA6 e, HHTHANEME R KT 5 5/
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EE/NTIX 2 S0 i H 11 S5iR% Von-Mises
N 7 B RAR e T oAt 3 AN 558

IR, T 16 41IE ARG MR A A ik
LA KRBT 2 PR3 7, it s th et
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Table3 Orthogonal test results

RN S#EZHERREMR, HAEGENELIEMR,
Biltn 14 SR TN EEIL 7 mm, {HH S A B R AR
WA 107.6 cm?.
22 REHERKRSH
221 MENSH

RNT WO, BiE, JTNEL JIRTHEEE RIS
NFEXTECREREMA 1) E IR R R, X3 3 IEZ IR 45 R
AT ZE T, irs: RaE 4 is.

x4 EZGKBARESH
Table4 Range analysis of orthogonal experiment
GSEN F1 512 513 51l 4 51 5

Rig B ﬁ&@%ﬁ S iﬁ:ﬁ?i’ﬂiﬁ Rtk ﬁﬁ%ttﬁé/

BU0%m3)  BIJI/kN Eim  (MIm?®)
1 0.3405 1.129 0.300 0.994
2 0.214 0 1.366 0.300 1.914
3 0.378 3 1.766 0.250 1.167
4 0.451 2 2.850 0.250 1.579
5 0.274 3 1.667 0.300 1.824
6 0.1143 3.085 0.275 7.422
7 0.350 1 1.686 0.250 1.204
8 0.4159 1.011 0.250 0.608
9 0.2192 2.379 0.275 2.984
10 0.486 7 0.875 0.300 0.539
11 0.5219 0.736 0.325 0.458
12 0.468 0 0.819 0.225 0.394
13 0.297 1 0.495 0.300 0.500
14 0.107 6 3.002 0.250 6.976
15 0.3325 3.404 0.250 2.560
16 0.608 8 5.968 0.300 2.941

H1E% 3 LA IR 45 RYIP Hrel e 1) 6 5k
KA 14 5 IR i CE L R AU K T HoAh 2 5 1
gl k., W 6 5uls Tk Eos b T 1R R
R, HEINEEILE] 5 mm, 7R RIEHEE MY
T, IR P EREITER, Bea R B
REEIG, U HACA e i HAl 14 Ho 5 i
% 14 Sue BRI, IR Z, (AL
BN, T HEAEGE 7 mm, BRIHBCE R
B, BA g thim AR 4156 . 2) 16 5ulla s
FAFIRF T, A AR AR EROR, (H il TR T
PR IIER, HWoa LU g R i K. 3) Bl 1A

K1j 5.655 6.302 11.815  9.568 4.701
K2j 11.058 16.852  6.691 3.481 9.043
K3j 4.375 5.389 11.735  6.471 9.483
K4j 12976 5521 3.822 14545 10.837
k1j 1.414 1.576 2.954 2.392 1.175
k2j 2.764 4.213 1.673 0.870 2.261
k3j 1.094 1.347 2.934 1.618 2.371
k4j 3.244 1.380 0.956 3.636 2.709
Rj 2.150 2.866 1.998 2.766 1.534

b j=1, 2, 3, 4, 5 KNHI5; Kij B |
Fld st T i BIREAE LLREZ A Kij 2R 5 j 51+
Wt F K i B L RE TR, 25 R=Kijmax—Kijmin
i=1, 2, 3, 4 WKT5.

BIMENRZE Rj SBR T 28§ 51 R 2 B7KSFAS B,
LEREMIARBNIE AL, Rj 8K, T BN 20 L R ) 52
WK o AR AR ZE b T, SN RV T L
RELR 26 1 RGP IR A Bl e > T 3R > A% 1
>TINE>TINE . SRa R 4 9EsmE, W
5 iR

T o W 2 43 AT T A5 B VR T A ORI i
B E L il 12.56 rad/s, &hE 25 kN, JJik%L
344, JI#ERHERE 35 mm, BN 1 mm.

222 T ENH

NPRINRFEFEI, TS AR R AT R AIR TR
i) {14 S 25 K, SR 5 22 a0 vt Sl 0 s kA7
T, HEWRITESE (LESRRNINEIER
Wgvky P, 4R n% s,
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(d) JJBEHEFEXS A LUREIIE I (e) TENEXTAA L Re i RE A
El5 MENHE
Fig.5 Range analysis diagram
"5 FEMT
Table5 \Variance analysis
A2 AR SS(IK 77 Al df(H B %) MS(575 ) F{H F B
LESTY 12.922 3 4.307 23.754 *
B R 23.285 3 7.762 42.803 ok
WA SR 11.648 3 3.883 21.412 Fo1(3,3)=5.39 *
B HEPE 16.75 3 5.583 30.790 Fo053,3)=9.28 *k
NG 5.833 3 1.944 10.722 Fo01(3,3)=29.5 *
W 0.544 3 0.181 — —
AR 69.894 15 — — —

:

T FoRARH R

o FORGH: “0" R M.
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FE AT B HE AR UIAHSS, AT i T g3t T A
JIELHERRG R LR I i it S A5 SO B, e Ab
AN RE BRI T ) 38 55 1A B0 B0t 1 12 52 5
HLEHAR PR R B2, SIS BCA L REH — 25
M fE IF AR £, ARG #ES E AL T B A
R ILFM R 2

3 A TS LA &l b
w7t

N TR IE A RG4S A BE AR T S HU A
RORBEATIRAE, KEAIER 2 35 Pl Z2 70 A 15 i B ik

WA RS A G, 5 AR THLED
5 2 ks 6)HEAT IR AL LU A, A 4
R
31 RAFILRREIMEK

54 9.42 rad/s, %5 20 kN, JIi% 22 4, T]
FEHERE 45 mm, BENE 5 mm i, AR JIRL AT
BALEWE 6 Frax, W 8E ey 7.422
MJ/m3,
32 mMASRIEMEK

#3H 12.56 m/s, %l 25 kN, JIi% 34 4, J)
FEHEFE 35 mm, BINE 1 mm i, AR JIRL A
K WE 7 fros, MRS HREy 0.382 8
MJ/m3,

(a)t=1.0s; (b)t=2.0s; (c)t=3.0s; (d)t=4.0s
Bl 6 ®mAATITFRABERNA

Fig. 6 Stress diagram of rock breaking by hob under the worst conditions

33 NEEEERE SR

PRI BLHLIRIE Z i 15 ik 2 TR JIEsh 71
VAT SRR AR, ] 8~9 FTaw

FRAE ] 8~9 I 4 XT L mr s, el & TR
T2 BB EERH 18 720.63 N, /N T e AR T
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(@)t=1.0s; (b)t=2.0s; (c)t=3.0s; (d)t=4.0s
B7 mRAETRIBEEHA
Fig. 7 Stress diagram of rock breaking with hob under optimal combination

8 RMAEARIA T TRATEN]
Fig. 8 Rolling force diagram of hob under optimal

combination and worst conditions

9 RMAEARAA) TILT B 5 R AR
Fig.9 Surrounding rock residual volume map under optimal

combination and most unfavorable conditions

4 HEip

1) SRR VR TICA L RE B 3R A 5 IR K
O Bl > TIRHREE > el > TI 8> BN

2) WRIIHCA L RE Rl 7] el p I hn o AR et
BN, M{ERIE N 6.28 rad/is(FHF) 1 PE)E#E 12.56
rad/s(BEED 2 [El)iicn ELRERD, WA RORBUE, #£
DUy AT ER 6 i T AN IE 3 T e 1 0y 6.28 rad/s.

3) VR JIRS e I Al s S AR Rk i K
i, B TREA R B SR AR, TR
IR, Bk RUA R BEER AR, HAEsh Sk R af ke
BF, PRARBCA AR, R ERE, DRk
Bh AR AE 25 kN .

4) k] H B R e B ) B R G (35
mm ), MHITEEUR T REZ 1T R IXAEAEDN
HINAZIERE e, AR thEe, 2
BEHLAGHERCR .

5) IR BN WA L RE s A Je Bk
4 AMREIBCR, B, £ TR ARIERYE
MIBENEE, SNl R BEAE -

6) 23 MDA FLRACR AN IE A BT E a3 #T 5 42
3 T AR BREACE TR (BT 5 20 MPa) )l
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