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ABSTRACT
Received: November 30, 2023 In this study, the linear cutting tests of pick cutters were carried out on a granitic rock with the
Revised: December 12, 2023 average compressive strength over 100 MPa. From the tests, the correlation between the

cutter acting force and the temperature measured by infrared thermal imaging camera during
rock cutting was analyzed. In every experimental condition, the maximum temperature was
measured at the rock surface where the chipping occurred, and the temperature generated in
the rock was closely correlated with the cutter acting force. On the other hand, the
temperature of a pick cutter increased up to only 36°C above the ambient temperature, and
the correlation with the cutter force was not obvious. This can be attributed to the short
cutting distance under laboratory conditions and the high thermal conductivity of the
tungsten carbide inserts. However, the relatively high temperature of the tungsten carbide
inserts was found to be maintained. Therefore, it is recommended that a reinforcement
between the insert and the head of a pick cutter or the quality improvement of silvering
brazing in the production of a cutter is necessary to maintain the high cutting performance of
a pick cutter.
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b ==} 2191 2 &5t (roadheader) 2t ZE[FO]A uho]U(continuous miner) o= A-WA] HE AATELE A TAE (pick
cutter)”} AFEEITE DA E+= TBM (Tunnel Boring Machine)o]l AF8-E= 31744] T) AT A E(disc cutter)2b= 22 HIAYUS
Tdo] - golstt.

A7 2= ARSI cutting head) 2] AAA|(Cho et al., 2023, Eyyuboglu et al., 2005, Hekimoglu et al., 1991), 22} T
g P 270 wet mE|e] HalRlE F5b] Sitt A7(Bilgin et al., 2006, Choi et al., 2016, Choi et al., 2014a, b,
Hekimoglu and Ozdemir, 2004, Kim et al., 2022, Shahabedin et al., 2018) -5°]| tHet A= H|w 2] Es] ZI9)=|11 gloL}, o
el 9] e A of it 5AA A7A|(Chang et al., 2023 )5 A|Llotal = A E ZEA|Q] A ARtef| thgh A= w9 F
3 ggolt). Eol, WAE 9] AR AR ZF AR PE R AAIAQI keoleet 7| B-85to] o Foj 2] 1L §li= Zo] FAlolth

LAEE= 27 g2 7HPo| = ARIAl(tungsten carbide insert), 3= (head) W AP E(shaft) 2 FJ¥ct ©HAH 7Hlo|=
A= w2 0] Umi/d A= 2A b Al HEohH 2 -82S W Faoloh vhH, I H O] SER e AR EL=
FAEH A= ARt GAR 7He|E RIS AR AE B (box T holder)E H O 5H= 2 $Hi(Chang,
2015). webA] FAE 0] Ads-2 FAHE 7o = AR O] B/ =4 F]4slo]] 3| 2R9HThal & 4= Qlek. SRR oR7ER] o
A AAE I Aol FAE 7ol E o] Aot &dof tiet A Axkr | AlA o] 912] gk

A ofgt P4 AT T2 F4] wh] I 0 24, 35 2 S (loadeell)oll ofet AT O] 282 £73& AlQlolal= 5
AL AL Ao ofel] B o] £78-& XISk Zlo] Hl¢- AlRFAlole}. whebA 2 Aol Ao d3HY S8 (Infrared
thermography, IRT)e]l 2Jaf] 4] 4T 2 Fofl TAE o Wlok= &5 AR = Z49ho =44, IAE o] oJt oA At
S0 | 7o | = AR 0] 24 o RE T A O = mlefsarat shyith

A opd FelVd SR S tiVd EA19] 547 dokS welolr] fioto] it Fot ool 851 Qlrk. 59], Exolut
T Hopofl A e ofte] B H} i (rock bridge) 2] /43K Guerin et al., 2019), “12F-E 87(ground anchor) 2] 77 -2
F7(Min et al., 2023), 15 AFAS] QP94 7K Wua et al., 2005) 5-& $Joll 2Ll Gapd o] 8= Qlct. TBMO
ARgElR= H 2T A B 9] A @AM d(linear cutting test) Alo]l B0l WAYsH= 255 578517] loixl e Aol dapd 781
Ho| A5 AF|7} 9IoK(Choi et al., 2013).

EAeNA EAok= E2 EAKradiation), S convection), = (conduction)®l Tt EfA|LY, o] F EARE ol 2] 2hite]]
7P 2 G 7I-tHMin et al., 2023). E3], BAFUZ = EA4|9] 2o Tdo] =7] whzof| FAL o x5 S7gste] s
Ao] 2r5 wefeh 4 it b Fald SR o= EA19] BAF o|RIE S5kl 2k 2 gHitslo] o5 P d(image)
= AFER1th(Han and Park, 2008). GOl Z13=0.7-1000 £m 92| mFgollx] -273°C(0 K) oVde] 2 272 7H] s EAl]
A HFEE]7] mhZol(Min et al., 2023), THIRE w2t 1320] 5447 A4S vlufa A o g Hopfl=d| ol 573 2
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Balci et al., 2004, Su and Akcin, 2011)2 175101 2 mm, 4 mm @ 6 mm 2 AA51] A& AA|51cE
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Fig. 1. Two types of pick cutters used in the linear cutting tests (unit: mm)
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S1E2 2 2= 200 kN(20 tonf)o |k, 33K A 44k 2 0] 821918 7| mEfe]] oJsl A Alofelck. o4 Aabeie] chef A
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Fig. 2. Pre-conditioned rock surface before linear cutting tests
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Table 1. Main specifications of the infrared thermal image camera used in this study

Features

Specifications

Sensitivity
Accuracy
Resolution
Temperature range

Spectral range

<0.04°C @ 30°C
+2%
320%240 pixels (Max. 640x480 pixels)
-20°C ~ 650°C
7.5~13 um

=)
El

A T ofleiRdrAd el SJsf AU 25 20°CE LA #4151
e} Gopd 7Rt oot 2e SR Fig. 332 ofmf AHs

o 11—

Fig. 3. Temperature measurement by a thermal imaging camera during a linear cutting test
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Fig. 4. An example of temperature measured by a thermal imaging camera (W=22 mm, P=6 mm)

3. QA0] MBUAAIZO o3t TFE] BT} P 2E 24

2ol Gapd ks AEAR T EE
250 ZAE tipol Ao WA= APekirh =3t -2 Aollahs 7 28210 33kl A2 7He ], 7P thaezio]ar ghe] 7t
% & A4 2+ (normal force)Z 24 TV o= st

AR AR S 7] A2 A8 eI R o] 7

o 1

SF

[e}
ofl ©J8l) 218 (chipping)©] WA= HAlelA] SIS, BAE tipolA]o] WA -Siei Al 0 2 Ul Sl TelutFig,
50] b ol 1 2ujeh RS Aasle] AT 210 2 ASket Hl1} ofgl] izl 2i7Fe] WAt el cutting line) AT He]
A Qlofal Fe) 482} gt 4822 APt ot B pol A At 217to] 2] Lot Bt 2g Helste] vl

A AN,

o

140 21 300 60
- —— Cutter normal force | —— Cutter normal force
W=22mm Temperature at rock W=25mm Temperature at rock
1204 |P=4mm | + Temperature at cutter tip - 18 _ 2504 |P=6mm o Temperature at cutter tip | 50 z
4
o 100 15 = ) i r f
g 3 & 200 i ‘M Fa0 8
= = ~ A \

2 804 L12 & g n | \‘" W 8
E = 3 Mo ‘ I ‘ 5
5 E g 0 N A/ E
g 601 e 5 & MUY A Sl 5
g e g AR AT PRTERARIAFINA 2
o o ¢ 1004 J Iy W v WA “‘,‘H‘\ r20 o
40 6 £ - \‘\ I 'V Vo ta e
o [ V ‘ a

204 L3 50 A‘; \ - 10

0 . . 0 0 A ? [ | I I I [ [ [ | I ?‘ 5

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Cutting distance (mm) Cutting distance (mm)

(a) Insert width (W) = 22 mm, Penetration (P) =4 mm (b) Insert width (W) =25 mm, Penetration (P) =6 mm

Fig. 5. Examples of cutter normal forces and temperatures measured during linear cutting tests
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Fig. 7. Distribution of maximum temperatures at rock and cutter tips
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