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Wear evaluation method of drilling shaft sinking hob based on rock slag
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Abstract: Aiming at the serious wear problem of hob in deep and large vertical shaft constructed by drilling method in
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Jurassic strata in western China, a method for evaluating the wear of hob in drilling method is put forward, taking the
drilling method of sinking shaft in a coal mine in the west as the research object. Firstly, based on field investigation, the
wear degree and wear distribution characteristics of hob in different strata are analyzed, and relevant quantitative indexes
are put forward. Secondly, the rock slag of shaft drilling rig is pretreated on site, and the image recognition method is used
for post-processing, and the geometric morphology of rock slag is statistically analyzed, and its cumulative distribution
law is described by exponential distribution function. Then, taking Pearson coefficient as the correlation evaluation index,
the influence of rock slag particle distribution and mineral composition on hob wear index is explored, and the causes of
easy wear of drilling shaft sinking hob in western China are expounded. Finally, based on the correlation analysis method,
several main influencing parameters are selected, and the prediction formula of hob wear index for different rock strata is
developed by using nonlinear fitting tools, and the evaluation method of replacing hob on site is put forward. The results
show that: the wear of drilling hob is closely related to the geological conditions of rock strata, and the number of hob con-
sumed per unit footage in different strata is in the order of argillaceous cemented muddy stratum > calcareous cemented
mud, sand interbedded stratum = calcareous and iron cemented sandy stratum > extremely weak cemented sandy stratum;
The deep grinding area of shaft sinking cutterhead in western drilling method is easy to concentrate on B, C and D cutter
rings, while the center cutter and its vicinity are mostly shallow grinding areas; The statistical characteristics of geometric
morphology of rock slag can indirectly reflect the wear degree of hob in different strata; The particle size distribution of
sand and mudstone strata in western China conforms to exponential function, and the correlation coefficient R* is
0.976—0.997. The uniformity coefficient of slag obtained according to the fitting function has the highest correlation with
the wear uniformity index. The reasons for the increase of hob wear in muddy strata and mud-sand interbedded strata can
be attributed to mud and sand of rock slag; Taking the box width, the proportion of large particles, the uniformity coeffi-
cient and the rock abrasiveness index of the roundness distribution of rock slag as the main characterization parameters, a
hob wear prediction model suitable for different strata is obtained. Compared with the field measurement, the prediction
success rate of the model is 90.9%; The proposed evaluation method of hob wear can provide a useful reference for the de-

cision-making of lifting and changing tools on the spot.
Key words: shaft sinking by drilling method; particle distribution of rock slag; mineral composition; hob wear; ap-
praisal procedure
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Table 1 Geological information table of drilling method construction through strata
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Table 2 Statistics of tool consumption of shaft boring machine in different drilling sections
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consumption and lithology
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Table 3 Evaluation matrix of on-site disc cutter wear degree
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Fig.4 The heat map of tool wear recorded by tool change in different strata
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Table 4 The calculated value of wear index
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Table 5 Accumulative distribution law of rock slag particle size %
HIFIX ] /om® 1 2 3 4 5 6 7 8 9 10 11
(0,0.01] 1.04 3.79 2.47 2.67 1.25 1.08 2.25 1.66 2.15 2.28 0.78
(0.01,1] 42.78 91.01 71.15 84.66 74.87 79.93 84.86 69.31 78.25 72.18 60.72
(1,10) 56.17 5.19 26.38 12.66 23.87 18.99 12.89 29.03 19.59 25.54 38.5

TE: BB RS A IR MR 5 BE B2 ~ 4 R A BUR S VM E R s BREEBS ~ 109 B FURESUE . BV E)Z M= BhikBe11

SR BRBRIRATIO R .

T Lr 7
z z
& g &
< = <
2 B .l N e g
g = g
3] 3]
= k=
0.01 2
. 0.01 0.1 1
Kfh/cm KHh/em
(a) PRI EE D M 2 (b) VRSV M 2
N Ll
RATHL 4o
. 1k
1F
T 1
z 2z
= S = S
2 o1 2B orf IR g 2
< d <
g g
2 2
0.01 ) ) 0.01 i )
0.01 0.1 1 0.01 0.1 1
KHh/cm KHh/em

() BE PR Ao W HZHZ

(d) 55 BRI S50 1 b 2

K8 AFMZ ARG, st

Fig.8 Statistical figures of long axis and short axis of rock slag in different strata



124 # %

F #®

2025 4F55 50 4

HIZE WHIEAZ, BSRIIEEES | B
RRHK

ZRA o Hr A LR SEGTTHRAE -5 A 7] 1l 2=
Prit ROV R IVERS R bR (8 4) R 0T H 2R
JZ, A AR AR BE R, RAIURL o5 LEBOR, it
KL LTI SR A 73 B, B e RO SR D) B 48 b
N BEARE MR G, FRE AR E 2R BRI, K
R Hw b, i R L AR R 4 /N i
ANIIUREL, WIS B 8 RUT) VR T BB R AR J 3 1 R
HIMC AT UL, i JUATE S e TR AL A [ S WA [m) 3
JE AL RIR T AR AR, 45 2R i AL R R
PEATHE— RS AT
3.3 HENESTREIE S

DR A i U /NI A UL, LUBORE 2525 7
PR EXT R, ¥ BRI 25 20 A BB,
A Ik R G IR 75 S S A A AR L A tt, R LA
FI AR W B e 0 B A48 B R B S 2 A1 R B i
RIS M

yr, = Py —kexp (_XDe—_Dl)

n ®

o yp N RBUE R, %; xpe HPRERLR A2, om;
PRy B Fii it B KA, DO R/ INVRi AR, [8]— 20

100 |
80 -
R
60 F
=
)
53 40 -
e
Bi%
20 1
y=0.977 47-1.042 17exp[—(x+0.025 56)/0.142 85]
0 R>=0.978 )
0.01 0.1 1 10
XA BH AR/ cm
(a) PR332 50 1 b J 2
100 -
80
5
¥ 60 F
ha
M)
EH 40 -
=
Bi%
20
y=1.00 137-0.993 33exp[—(x—0.008 33)/0.197 28]
R=0.997 ) )
0.01 0.1 1 10

SR BLAR/em
(c) B5BUREEJe W H =M

FOETONEEE T, 3 (e, A B LA ROR,
B oFHRENUGSHZ—.

W2 (8) X xpe R, BIFSHL k/B, J&: RFIZE )
RER BRI, PerE T i BRI
S kIB, R ORI 5 2B (UC), BUE R/ NR S
i R oy A4

Pl O SR AN [) 1l J22 7= 2 R A% 0 A1 1 284 B0
B ARE, NFEHZZMT, 32T SN K
SR I LR RO A AR R B R A
0.978~0.997, 5 BA R4 50 A7 pR EAH ELHLA5 K B AR
P B R A A RN RS . A BB
FIIESHOLE 6. WIGFE 6 nT15, H55 &5 001 e
= i R B AN IR ), A5 T L R B A 0 b )2 e i
Uk fre A 385, R T At VR b 2 R R 2 U L D
HJZHZE A ORI S T R B2 (]

4 RIEHIEREXEREE S

4.1 FREMMESRIIERBXE

A B TR 2 S e — LA A I R D
RERE, ZNET o A W) o 23 B B i e T 5t
i St [ s 2, R RS R JEE A 255 B
FEF U, SUN SGPOVEE S5 47 B PSR B AR T
Jiik:

100 |

80 -

60 -

40 t

S /%

20

1=0.989 8-1.045 31exp[—(x+0.012 06)/0.150 21]

R*=0.994 )

0.01 0.1 1 10
230 B4 /em

(b) Ye e &b e 1 ph 2

0

100 |

80 -

60 -

40+

S /%

20

04 ¥=0.995 39-0.997 82exp[—(x+0.012 61)/0.246 74]
R=0.996

0.01 0.1 1 10
S50 EL AR /em
(d) B50 BRI ATV

KO ATl A A R A 45 R

Fig.9 Accumulation of rock slag in different strata passes the fitting results



513 [

RERKE ST A A S A B T PR B Bl IR B R DD IS O 1% 125

®6 HERMREEMUEGSH

Table 6 Main fitting parameters of rock slag accumulation

WESH 1 2 3 4 5 6 7 8 9 10 11
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Table 7 Related indicators of rock abrasiveness
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e K
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2 YD BTe & 54.6 32 82.76 314 25.99
3 Ve 25 e P2 et 26.2 46.5 67.13 40.2 26.98
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Fig.13 Calculated value of the prediction model is compared with the field investigation.
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