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ABSTRACT
Received: April 27, 2020 Pin-on-disk test is a suggested abrasion testing method by ASTM (American Society for
Revised: May 12, 2020 Testing and Materials). This briefly illustrated the Archimedean spiral motion of a pin type

specimen on a disk. To apply this method to rock cutting tools, a constant linear velocity (CLV)
is precisely maintained during the test. We defined the two velocity vectors (RPM and
horizontal speed) which connected to the resultatnt velocity. We derived a differential
equations for the two parameters under CLV condition. It was difficult to find a exact solution.
Previous literatures had been reviewed, and an approximate solution was investigated. We
mathematically simulated the result for a certain parameter, and examine the accuracy of the
solution.
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Fig. 1. Four configurations of pin abrasion testing machines (ASTM, 2010)
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Fig. 2. An Archimedes spiral having constant spacing (s)
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Fig. 3. Definition of spiral radius(r)and angle(8) (Ziegler et al., 2016)
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Fig. 4. Outward spiral testing procedures

Table 1. Example of variables for constant velocity of Archimedian sprial

R [mm] T[s] N

150 100 10

100

150
Fig. 5. Outward spiral path
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Fig. 6. Radius of the outward spiral Fig. 7. Rotation angle of the outward spiral

TUNNEL & UNDERGROUND SPACE Vol. 30, No. 3, 2020



Approximate Solution for Constant Velocity of Archimedean Spiral for Abrasion Testing of Rock Cutting Tools < 189

60
4000
50 L
3000 40
L [mm] v | ™M 5
2000 Lis
20
1000
10
0 0
0 20 40 60 80 100 0 20 40 60 80 100
t [s] t [s]
S S
Fig. 8. Outward spiral length Fig. 9. Outward spiral velocity
10 4

Rel. err (%)
(&}
T

0.0 I 05 I 1!0 I 15 20
tIR (%)

Fig. 10. Relative error of approximate solution

42 U LM

O b Hinward spiral) Fig. 117 20] A1 Hlol e S45.2 Sol oA Ashe 428 7Hick 29 U4l A=
(outward spiral path)oll] A1ZH2 VTl S]] ik b A7} ek, 7hake] 440 VR, £ () = 7 2 552 7]
Fow st +p FOo= 79 o) Foke B ow 4] (13)7 2t

Fig. 11. Inward spiral testing procedures

TUNNEL & UNDERGROUND SPACE Vol. 30, No. 3, 2020



190 ° Hoon Kang, Dae-ji Kim, Changheon Song, Joo-Young Oh, and Jung-Woo Cho

(13)

= R LA10]) SA1 A (560 £ () = /— 1 + 12 85t e
A7 9158 LhA10] Aot 2 Z2(Table 1ol UaFg LH2] A, LHAIRIA(r), SRzEe(0), Zolwist, 4ists Akt

J
[l

S}H Figs. 12~167 201, Wiekg WA
ol Aet=r, eyt Hitieln=
oLFEE U 0 mAS Al

“efze] visl y =l thd == FEtE 7}115}. 2P g o] S et R

A dER Ao sSIthFig. 16). ©] GA] Al o] Fa17kS Gof|A B ghold |
LARFES 1%0[01= Ao 4= Sl

100

y A m

)

50, 1 150

>
k\\//

Fig. 12. Inward spiral path

60

50

100 40

r [mm] 0 [rad]

20

0 20 40 60 80 100 0 20 40 60 80 100

t [s]

Fig. 13. Radius of the inward spiral

t [s]

Fig. 14, Rotation angle of the outward spiral

TUNNEL & UNDERGROUND SPACE Vol. 30, No. 3, 2020



Approximate Solution for Constant Velocity of Archimedean Spiral for Abrasion Testing of Rock Cutting Tools « 191

60
4000
50
3000 40
L [mm] v M] 30
2000 Ll s
20
1000
10
0 0 - - . i
0 20 40 60 80 100 0 20 40 60 80 100
t [s] t [s]
S S
Fig. 15. Inward spiral length Fig. 16. Inward spiral speed

5.

X

=

A HAEO] HERAIAS pin-on-disk 1210 = 43¢l o= [HH| A Wbl FEE 252 TESfof el 2 = G

= S I =
e 5P 91 4512 Atslel nhRAEo] 2 gSh e ZASI

1) e @nl, HAREn) HofollA of27|El A Lo B4 SRS ofn] ahpsllon g, s el 4514 2
=

AIE -85t 7SI, ZATHE o183t R Wl Widd Wil el S5 -5 1A AAISIIH. o] w), of:

N
=)
__\',1_,1
[
o

A
H1
=

ol
‘31:
rr
(0%)
=
1o
F
RY
‘3?
i
N
FE
i

2) FATT AR 2400 28517 Slsll B4 A& 23000 2, W ot |HIA Wl e] 25 A=, dofds], &
RIS ARSIt ARPET, Wi s d 2 S = 70| st om, WAl e o Faa Alelshale 719
sEIEE AR

3) 27| Aol QAP olf= TARRE IOl A (7) 2] AlE: el s 17 = AERste] vhad K33ARK, )l 0
IPReE FAIRE 17 ] el AR wizeld. Al vl A § 27 AR B FRAR Ui 2 9d
LuA 07 AXolH o7t RAFE U 4 AUtk =, YoM 0.015ROVE] L TAS AAISHH @415 1% o= A2

% Sl

71 Aol AR ZAHE o187t -SEE Ao 2 % ST niAE e = AR 4 Qe A o =2 ek,

=
85 0 mANS 27 Mg A1) of2sd|A UAee] WA 2 mgAk4E 2 H 0 e At ool

TUNNEL & UNDERGROUND SPACE Vol. 30, No. 3, 2020



192 ° Hoon Kang, Dae-ji Kim, Changheon Song, Joo-Young Oh, and Jung-Woo Cho

ALl =

& e 20209 SEW-SH(HEL NS EY) ANEDE ARG (A TN g 4] AbEe) 7]
= 7HH20SMIP-B156083-01)"& &5l 8= 5t A Aol A=Y

REFERENCES

Alber, M., Yarali, O., Dahl, F., Bruland, A., Kiling, H., Michalakopoulos, T. N., Cardu M., Hagan, P., Aydm, H., and Ozarslan, A.
2013. ISRM suggested method for determining the abrasivity of rock by the CERCHAR abrasivity test. In The ISRM
Suggested Methods for Rock Characterization, Testing and Monitoring: 2007-2014. 101-106.

ASTM Standard G-99, 2016, Standard Test method for Wear Tesing with a Pin-on-Disk Apparatus.

ASTM Standard G132, 2010, Standard test method for laboratory determination of abrasiveness of rock using the Cerchar method.

Farrokh, E. and Kim, D. Y. 2018. A discussion on hard rock TBM cutter wear and cutterhead intervention interval length
evaluation. Tunnelling and Underground Space Technology, 81, 336-357.

Hassanpour, J., Rostami, J., Khamehchiyan, M., Bruland, A., and Tavakoli, H. R. 2010. TBM performance analysis in pyroclastic
rocks: a case history of Karaj water conveyance tunnel. Rock Mechanics and Rock Engineering, 43(4), 427-445.

Mahmood, I. A. and Moheimani, S. R. 2010. Spiral-scan atomic force microscopy: A constant linear velocity approach. In 10th
IEEE International Conference on Nanotechnology, IEEE, 115-120.

Nilsen, B., Dahl, F., Holzh&user, J., and Raleigh, P. 2006. Abrasivity testing for rock and soils. T & T international, 47-49.

Robbins, R. J. 2000. Mechanization of underground mining: a quick look backward and forward. International Journal of Rock
Mechanics and Mining Sciences, 37(1-2), 413-421.

Sang, X., Lupini, A. R., Unocic, R. R., Chi, M., Borisevich, A. Y., Kalinin, S. V., Endeve, E., Archibald, R. K., and Jesse, S. 2017.
Dynamic scan control in STEM: Spiral scans. Advanced Structural and Chemical Imaging, 2:6, pp. 1-8.

Thuro, K., Singer, J., Kasling, H., and Bauer, M. 2007. Determining abrasivity with the LCPC test. In 1st Canada-US Rock
Mechanics Symposium. American Rock Mechanics Association.

Ziegler, D., Meyer, T. R., Amrein, A., Bertozzi, A. L., and Ashby, P. D. 2016. Ideal scan path for high-speed atomic force
microscopy. IEEE/ASME Transactions on Mechatronics, 22(1), 381-391.

TUNNEL & UNDERGROUND SPACE Vol. 30, No. 3, 2020





