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Abstract: The rock fragmentation mechanism of worn disc cutters provides theoretical guidance for TBM
cutter changing. To investigate the correlation between cutter force and penetration depth, evaluate rock
fragmentation efficiency, and elucidate the fragmentation mechanism of single worn cutter in extremely hard
rock conditions, different blade widths were utilized to represent different wear levels. This study employed
sequential indentation tests using both a new cutter with blade width of 17 mm and worn cutters with different
blade widths on Beishan granite specimens with dimension of 420 mmx400 mmX500 mm. The penetration
process, force characteristics, rock fragmentation volume, and specific energy were systematically analyzed.
The key findings include: 1) Both new and worn cutters exhibited consistent rock failure phases — initial
compaction followed by linear deformation, with intermittent force drops during single penetration, 2) During
sequential penetrations with the same depth for the new cutter, both the maximum penetration force and the
force growth rate in linear—deformation stage demonstrated an initial increase then decrease, 3) Worn cutters
with larger blade widths required higher average force per unit penetration depth. For each kind of worn cutter,
the force—depth ratio of each penetration showed fluctuating tendency during the whole sequential penetration
process, confirming the cyclic process of energy accumulation, release and then re—accumulation, 4)
Specific energy increased linearly with blade width while the penetration capability decreased correspondingly.

The 18 mm-blade cutter exhibited optimal rock fragmentation efficiency and penetration performance in

sequential penetration.

Keywords: worn disc cutters; sequential indentation test with combination of new cutter and worn cutter;

blade width; penetration force; specific energy; rock fragmentation efficiency
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Fig. 1 Penetration testing equipment with indenters for new and worn disc cutters
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Table 1 Blade geometry parameters of disc cutter indenters with different wear

T3k %5 TII1fa () B 71 ) 9 /mm SEPR J) 58 /mm J 454 R /mm
X17 10 17 17 0
M18 17 18 4.15
M24 17 24 21.16
M27 17 27 29.67
M30 17 30 38.18
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Table 2 Physical-mechanical parameters of Beishan granite samples

KIR#E! (grem™) PRI /GPa

HEEVNE

AT R 3 5 /M Pa BUPLEE B /M Pa

2.61 44.3

141.7 7.4

1.2 AEEBREBRNEZEEFANGE KXW LT

AR R ) (X17) 43 R 4 B v itk A7
B AR AR, AR T A e e 1w Ab
WAZ AR BB R 0.5 mm, B E 12 A5 B
JEIRE] 1.2 mm, AR5 BEEER [ BE  5 ( 7] 58K
T8 17056 MBS T Sk B g Rk iR AL B
FE 44, )5 0.5 mm —¥K 1.0 mm — K .
1.5 mm A1 2.0 mm 4% PR BT 4R, % 1 7R J)
FAEZ LR A, Wdadim s
P& A5 01 1) 1A AR A AR, 40 T 17 mm J] 58
B )5S [ B A5 i 00 B A T A A B AR OR TR R
ATRBE T 0 25 7 FRAE A ROR , LAR 19 B
AR CIN I E LB B E T I E g TR
e P s 41t ) B

12 AT 58 300 48 7 =X A il ey g 4, Jn 4%
0.1 kN -5 1E 2GR 50 2%y X8 il 2 8%
hn g, hn 4% 8 R 8 0.006 mm-s™ . i 5 i B A
TR RAETI AR A T 5= AT BB Bk R
AR B TR B S, 15 1k e O A R i

2 FWMIENEETIARE
2AFTNEBNRE MK S5

X178 JIEH X 0.5 mm A FE LT &
WRAMW S AR BT R 3R, Mk
3R 1) HT JIAERI A= A B, K BETE W b
WRIT , AA — 4% o [R) I 5 9 ity 78 1) /N S 5% | B

A7 A UE AN WB n, B 0 PR i B Y
S AN W 1] DU TR W R TR G K . 2)
X17 765 R A2 A 0.5 mm ¥ B A9 0 5 o 2 3 &=
B AN URL 20 BT k2 A
22 FINBANNFLESH

AL = A ) AR AR EE 1 6 & ]
FH S 0 LR T 42 % 4% o B R X7
BB R A B P 0= A T B AR AR E
B AS A an 1 2 s (5 R 3R ) o f B 2]
H 1) B ] B AR AR A T B AR TR B Y
A AR R FAR A, P8 5 28 5 A TR 5 B B
A LAY B B =R T B AR TR B S M
HMENALPREBASESIE - BHEE, R
Ay iR B I B R TR O A R TR B
Hh s i, XTTAUTE 55 6 WA= A A /NI JiE )
Mo 2)BWER ALK I E LG, A7
FE— € 1t [l 3, 5 T — R ATF IR, HA=R A
A E T L — R IE ARSI AR IR
12 AW F ¥t 5 o 0.3 mm, B B A JE R
60 % . 3)F JITE R At B &= A
WA R I, K KR AT R AT -=ZA
TR B 42 2k P B B 1 K B A8 4 B L T
Ji B AT B 35, 1 B Gk B AR (W) BT A B Y R A
BOCRAEAE S ME IS 2 B RE A . e b R
KA W06 R o2 B, N TE 4, A IR
M, T2 BIWR A LUA A 3 E 2 7= A i
i, BILHT =R B A Jp K el , H i KR A



5 A% b BT # 2

622 https://gwyd.cbpt.cnki.net/portal ;ﬁ 42 %

RI MNBREANEHHEAREAER

Table 3 Fracture pits and rock fragments after each penetration by new disc cutters
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Fig. 2 Curve of penetration force with penetration depth for X17 new disc cutter
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Table 4 Fracture pits and rock fragments at different penetration depths for worn disc cutters

B /mm - IR P

M24 M27

0.5-1

1.0-2

1.5-3

1.5-4

2.0-5

2.0-6




JLRE T g S

624

https://gwyd.cbpt.cnki.net/portal

4542

32 AETNEEBRIIENNHFESHT
321 RATI R AIREE #h 2 FRAE 2 By

AN TR 70 T P A T 6 IR A= A B 4= A T B S5 B
RAGEEMZLME IR, HE 3 1)
& B T MR A D B AR AR BE AR Ak R R
AL, AN & 3a PR, BE 4 T 7E B IR AR AR
LI AW EE B BUG H AT 2 b
B RANHRARELE K S5/= A T2
RE— I EHE RA SR TR, ey
FARER A A &R Y A AR
Z R S TSI N1, HU) A
K, B K A0 1= A JT B R BRI B/ . 2) Bl
E R AREBC T A BEIG K, X T %8 J1 B 46 )

—0.50-1 MI8

900

M18,6 K I 1= A 1 -2 A TR i 2 40 B B et
BB EAL, e KR AT 2B K, 5N,
PR Y B X T 9E T BE 5 T M30, HAREA
F1 12 AR B I 2R 26 1 B B RS AR AL S W
H KRR AT RS K, B X T 98 71 & T
FOMERERE K o 3) A R A REL A BT A RS K
ANTR) 1 98 B4 T) 6 AR AR 1Y % B B 34 2 81
AR B, U WA A B A B X TR B K 4)
TEIR 56 B £ M PR 77 900 kN BRI A M18 7] %
BONRITEETCATE J 2 mm (42 A, 7] 58 B K Y
AR T e Je IR A ARG B S BR B
A BEBI/NTF 2 mm, [6]FE 5L B J0 508K, 3k 248
BTN BE B o X T K

——0.50-1 M24
900

——1.00-2 MI8 M 1.00-2 M24
——1.42-3MI8 / —— 1.50-3 M24
O 1 s0amis [ / 800 T 1.50-4 M24
| / 1.89-5 M24
700 2.00-5 M1I8 f / 700 L
1.86-6 M18 A / 1:85:6 M24
600 [ / i |
= / — 600
= / = "
53500 / 5500
: /
E 400 E 400 | / /
o / /
300 300 {
/ /
200 - 200 - /“ /
100 / 100 /\/ / '
U 1 0 / 1 s 1 1
0 6 6.24 0 1 2 3 4 5 5816
12 NIRJE/mm
———0.50-1 M27 900 |~ 0:50-1 M30
200 - 1.00-2 M27 f C 1.00-2 M30 d
so0 L~ 1:50-3 M27 800 | 1.50-3 M30
1.50-4 M27 1.50-4 M30
700 1.73-5 M27 700 1.60-5 M30
1.33-6 M27 , 1.53-6 M30
|
s"‘ Z
/ &
{ =
/ | <
/ / =
/ ’
/ ) J/
1 ~ 1 L L 1 1 1 1 1
2 3 4 4825 6 3 4 4825 6
BN REmm A VAFE/mm

a—MI18; b—M24; ¢—M27; d—M30.,

3 47 5 T f= A 2 B AR A D B4R A TR B2 119 22 4 ih 2k

Fig. 3 Penetration force vs. depth curves during full penetration process for four worn disc cutters
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Table 5 Penetration force per unit depth for each penetration of worn disc cutters and average penetration force per unit depth

JEE ) AT AP AR T TR AT (KN-mm™) ) B R AR EE T R A I (KN-mm™)
M18 1 217.53 447.68
2 405.27
3 634.90
4 543.41
5 401.32
6 483.67
M24 1 271.25 483.09
2 659.74
3 471.35
4 521.12
5 480.06
6 495.02
M27 1 323.92 511.09
2 615.89
3 490.93
4 436.20
5 521.61
6 677.96
M30 1 584.64 517.11
2 384.37
3 451.88
4 536.73
5 558.78
6 586.23
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Fig. 4 Curves of penetration force per unit depth for each penetration of four worn disc cutters
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Table 6 Penetration test data of worn disc cutters

5] BONEE, wEEETh/ AR SRR/ S AR R BIbEE,  RABEYURE, A
2 mm J cm’ J cm’ (kJrem™) mm fit
M18 0.5 25.88 0.19 2336.73 20.56 0.1136 6.07 0.733

1.0 165.88 0.75
1.42 496.60 2.25
15 468.40 2.06
2.0 568.25 8.66
1.86 611.72 6.65
M24 0.5 47.72 0.39 2411.84 18.11 0.1332 5.18 0.629
1 284.02 1.46
15 461.2 411
15 443.93 2.73
1.89 609.35 4.70
1.85 565.62 472
M27 0.50 31.60 0.37 1942.60 13.69 0.1419 4.53 0.599
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Fig. 6 Variation trends of total specific energy and penetration capacity with blade width for differently worn disc cutters
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