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Introduction

Mineral mining industry is an important
budget-generating sector in economies of
many countries, including Russia [1]. It is
impossible to increase the budget without
advanced methods of mining at hand. Extrac-
tion of minerals is a complex process imple-
mented using various methods and machines
[2-6]. Efficiency of blasting as the most widely
used method in mineral mining largely depends
on drilling equipment and tools [4, 7]. On the
other hand, some operations need that only
the impact method is used (fracture of over-
sizes, removal of spalling, etc.). The impact
tools that immediately interact with rocks suffer
from fast wear. Such deterioration of the tools
reduces productivity and raises expenses con-
nected with purchase of new tools. Extensive
studies are currently undertaken to find ways
of extending service life of impact tools through
re-design, use of new materials or application
of innovative machining techniques [8—-17].

Destruction of rocks and artificial composites is carried out in various ways. One of
the most common methods is the impact fracture. The conical pick of JCB HM380 hydraulic
breaker was used as the impact tool. The experimental study of rock fracture was carried out
on an artificial composite—concrete. The depth of penetration of the pick into concrete was
used as the test parameter. The model was based on the model of Professor V. B. Sokolinsky.
The model developed in this work takes into account the degree of bluntness of the tool in
single and multiple impact. The system was considered as a two-component system due to the
high stiffness of the pick—granite contact (as against the hammer piston—pick stiffness). The
wave processes in the pick were disregarded because of the small length of the pick. The pick
penetration depth in rocks was calculated theoretically, using the developed mathematical
model, at each impact of the pick, and then was compared with the experimental data. The

[fracture tests also used JCB HM380 breaker and concrete. The penetration depth was deter-

mined from the step-frame analysis of video filming of the process. It is found that the pick
blunting causes a monotonic increase in the rock resistance to the pick penetration, both in
single and multiple impact, while the depth of the tool penetration and the blow time decrease
(as compared with the initial state of the tool, by 28% and 20%, respectively).
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The theoretical framework of the impact destruction of
rocks is described by both Russian and foreign scientists
[18-383]. Penetration of an impact tool in rocks is modeled
mathematically, and the energy input of rock fracture and the
impact machine capacity are estimated [34-36]. In the mean-
while, the influence of the impact tool blunting on the impact
efficiency lacks proper attention. This article is an attempt to
fill the gap.

The mathematical model of impact tool penetration in
rocks and rock-bearing composites uses research findings of
Professor Sokolinsky [37].

Modeling was implemented as a case-study of hydraulic
hammering of granite (o,,,, ~200 MPa). The rock-breaking
tool of a hydraulic breaker is the pick. Specifications of the
hydrobreaker are as follows:

Model JCB HM380
Range Medium
Rock breaker Pick
Impact energy A,, J 981
Impact frequency v, s 5-10
Pick velocity in blow, v, m/s 6.3

The impacting assembly of the hydraulic breaker consists
of a piston (with its face shaped as a hemisphere with radius
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F%p = 0.5 m) and a cylindrical pick with an edge in the form of
a blunted cone (mass M, = 25 kg; length L, = 800 mm:;
cylindrical part radius R, = 37.5 mm; cone height—100 mm:;
cone angle—30°; the cone blunt is a hemisphere).

Inspection of a pick after destruction of a granite over-
size shows that the cone edge of the pick changes its shape
because of wear into a hemisphere with a radius T'epo = 13 mm
(onset of hemisphere formation). As wear grows, the pick
length shortens and the cone bluntness radius increases up to
r,,=37.5 mm. The tool bluntness S, is given by:

Stool = rsp/RcyI’ (1 )
where rg, is the cone sphere radius at the moment of measure-
ment, mm; RCyl is the cylinder part radius of the pick, mm. At
the moment of initiation of a hemisphere, S,,,=0.35 (at g, =
=13 mm), and in the critical condition of the tool, S 1 (at
r,,=37.5mm).

The contact stiffness analysis on the basis of [37] used the
factor of energy transmission from the breaker to rock via the
pick:

e=1/(1+e,/e),
where e, is the pick-rock contact stiffness, N/m%?2; g is the
piston—pick contact stiffness, N/m3/2;
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Fig. 1. Relationship of a,., (1), o, (2), t,,, (3), F,, (4) and
pick bluntness during impact penetration of JCB HM380
breaker in granite

2Py, (4)

3
where E, ., is the rock elasticity, GPa (50 GPa); E, , is the tool
material elasticity, GPa (200 GPa); E, is the piston material
elasticity, GPa (50 GPa); W, is Poisson’s ratio of rock (0.2);
W00l IS Poisson’s ratio of the tool material (0.3).

The calculated value of the energy transmission factor at
different tool bluntness (rg,) approaches 1 (0.9-0.94). This
enables withdrawal of the piston—-hammer intermediate sys-
tem from the calculation to analyze the two-component pick—
broken rock system only.

According to Sokolinsky’s theory [37], another condi-
tion for this two-component system is the absence of wave
processes in the breaker. This condition is fulfilled when the
concussion duration exceeds or equals three periods of free
vibrations of a colliding body. In case of the short pick of JCB
HM380 breaker, the concussion duration is 1 ms at the free
vibration period of 0.3 ms.

On the basis of [37], the breaking tool penetration in rocks
has three stages:

1. Rock exhibits elastic properties until reaching a critical
stress at the contact with the tool. With increasing stress, an
explosion-like failure of rock takes place at the contact.

2. The tool penetrates deeper, overcoming the failure core
and squeezing broken rock chips out. The rest of broken rocks
is pressed at bottomhole.

3. The tool is pushed back under the action of residual
elasticity of the pressed broken rock chips.

The rock resistance F depends on the tool penetration
depth h (rock deformation) and, according to [37], in case of a
hemisphere contact area, is nonlinear and composed of three
loads: F,—elastic deformation at contact; F,—tool penetration
in broken rock; F3—tool kick. Each load has its own stiffness.

It follows from [37] that the maximum resistance F,__,,
penetration a,,, impact time ¢, and the maximum stress o,
at the contact under such loading are given by:

€o

Fmax = Frock + ez(amax - arock)3/2| (5)
o (1-p2,, 1-12 ’ 2 3
chk = 42 [ 5 tool | = rockJ rsphocr’ (6)
tool rock

where F_, is the fracture force at the contact; a,, is the elas-
tic deformation of rock;
ook = (Frock/e1)2/3' (7)
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Fig. 2. Shape of loading characteristic in multiple impact
calculation

4Fspn ®)

e, = 5 > ,
3[1_“tool +1_“rock]
Etool Erock
apen =8max~ (Fmax/es)z/sa (9)

where a, .. is found from the equation below:
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rock) max ~ “rock

tmax = mVO/ F, max’

Ocrszax/f’ (12)
where m is the tool mass; #,, is the hardness factor.

The change in the value of rg, in the expressions of the
stiffnesses e, and e, allows assessing the influence of the tool

bluntness on the impact efficiency.

Unit blow calculations

Using Egs. (5)-(12), the tool bluntness S,
the maximum resistance F, ., penetration a

| is related with
pen’ impact time
x and the maximum stress o, at the contact.

The modeling assumed the critical stress o, of granite
as its dynamic hardness o, = 1300 MPa [38]. That value was
selected to comply with the conclusions made in [39] that
the strength characteristics of most rocks increased in transi-
tion from static to dynamic loading. The stiffness values were
selected in conformity with [39]: e,=0.15e, and e; = e;.

Nearly half kinetic energy E, is spent for destruction of
rocks (E,.), the rest of energy goes to heating of rocks and to
elastic straining of the tool.

The relationships plotted after solution of (5)-(12) (Fig. 1)
show that at the constant momentum, the maximum rock
resistance to the tool penetration (curve 7) monotonously
grows as the tool gets blunt. The same holds true for the blow
time (curve 3). At the same time, the penetration depth value
decreases (curve 2). The contact stress in granite remains
almost unaltered (around 686 MPa).

tm

Multiple impact calculations

The shearing tests of rocks using JCB HM380 hydrau-
lic breaker in an open pit mine show that rock is fractured
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Fig. 4. Total maximum time Xt . of
blow in cycle of 30 blows (7) and total
penetration depth }Zapen,. in granite (2)

versus tool bluntness

after a series of nearly 30 blows at the same point. And the
penetration depth of the tool decreases with every next blow.
This phenomenon is taken into account in the model.

The increasing friction increases the rock resistance
Faxi T0 penetration per blow in proportion to the penetration
depth a,, which results in the decreasing a,,,, under each
subsequent blow. The resultant total loading characteristic is
depicted in Fig. 2.

Figures 3 and 4 correlate the maximum resistance F_;
and maximum blow time ¢, ; in each cycle, and the total pen-
etration depth Za,,,; and time f,, per cycle at different blunt-
ness of the tool.

Resistance of rock to pick penetration grows in each blow
in the cycle (see Fig. 3), and the time of blow reduces. By the
30rd blow, the blow time is two times less than in the first blow.
The increase in the tool bluntness from 0.35 to 1.0 (see Fig. 4)
reduces the total penetration depth Zapen, in rock per cycle by

28% and the total maximum time 2t shortens by 20%.

Experimental validation of calculation results

The data of fracture testing of concrete (o, ~ 50 MPa)
were compared with the calculations. The measurements were
taken in the step-frame analysis of the video film of the hydro-
breaker operation. The penetration depth was determined
from the displacement of the check point on the tool (mark 0,
Fig. 5) relative to recorded marks (1, 2 and 3, Fig. 5) In this
fashion, the penetration depth a,, of the tool in rock was
determined after each blow in the cycle together with the total
penetration depth after 30 blows (Fig. 6).

The analytical and experimental data agree, which proves
applicability of the mathematical model in further research.

Conclusions

As a result of the implemented research, the mathemati-
cal model of the breaking tool penetration in rock is built. It is
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Fig. 3. Maximum penetration
time (7) and granite penetration
resistance (2) versus number of
blows per cycle at bluntness:
a—k, = 0.35 (initial condition); b—
=1.0 (total worn-out tool)
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Fig. 5. Step-frame analysis of video film of tool penetration in concrete (n—
number of blows)
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Fig. 6. Calculation (line) and experiment (¢) depths of tool
penetration in concrete versus blow number

found that the critical bluntness of the tool pick increases the
rock penetration resistance up to 2 times at the decrease in the
penetration depth by 28% and in the maximum blow time by
20%. The experimental data agree with the calculated results.

References

1. Nedosekin A. O., Rejshahrit E. ., Kozlovskiy A. N. Strategic
approach to assessing economic sustainability objects of min-
eral resources sector of Russia. Journal of Mining Institute.
2019. Vol. 237. pp. 354-360.

2. Gabov V. V., Zadkov D. A., Nguen Kh. L. Features of elemen-
tary burst formation during cutting coals and isotropic materi-
als with reference cutting tool of mining machines. Journal of
Mining Institute. 2019. Vol. 236. pp. 153-161.

3. Fomin K. V. Method for estimating the spectrum density of the
resistance moment on the working body of a peat milling unit.
Journal of Mining Institute. 2020. Vol. 241. pp. 58-67.

74 EURASIAN MINING. 2022. No. 1. pp. 72-75



EQUIPMENT AND MATERIALS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yungmeister D. A., Lavrenko S. A., Yacheikin A. |., Uraz-
bakhtin R. Y. Improving the shield machine cutter head for tun-
neling under the conditions of the Metrostroy Saint Petersburg
mines. ARPN Journal of Engineering and Applied Sciences.
2020. Vol. 15, No. 11. pp 1282-1288.

Lebedeva Y. A., Kotiukov P. V., Lange I. Y. Study of the geo-
ecological state of groundwater of metropolitan areas under
the conditions of intensive contamination thereof. Journal of
Ecological Engineering. 2020. Vol. 21, No. 2. pp. 157-165.
Mikhailov A. V., Rodionov E. A., Zvonarev I. E. Analysis of condi-
tions for vertical cutting of peat. GIAB. 2019. No. 1. pp. 48-54.
Yungmeister D. A. Reserch of modernized perforator-hammer
for drifting special roadway the underground mines Metro-
stroy. Journal of Mining Institute. 2016. Vol. 218. pp. 281-288.
Klishin V. I., Gerike B. L., Nikitenko S. M., Krestovozdvizhen-
sky P. D. Types and causes of failure of tangential-rotary cutter
bits. Gornyi Zhurnal. 2016. No. 7. pp. 92-95. DOI: 10.17580/
gzh.2016.07.20

Aleksandrov V. |., Kibirev V. |., Serzhan S. L. The effectiveness
of polyurethane coatings on internal surfaces of slurry lines in
tailings slurry hydrotransport systems. Obogashchenie Rud.
2020. No. 4. pp. 35-41. DOI: 10.17580/0r.2020.04.06
Sementsov V. V., Prokopenko S. A., Ludzish V. S., Abramov V. V.
Design and industrial testing of innovative nonexpendable
picks for cutter-loaders. Eurasian Mining. 2019. No. 2.
pp. 59-63. DOI:10.17580/em.2019.02.13

Fedorova L. V., lvanova Yu. S., Voronina M. V. Improvement
of threaded joint reliability by means of electromechani-
cal processing. Journal of Mining Institute. 2017. Vol. 226.
pp. 456-461.

Fedorov S. K., Fedorova L. V., lvanova Yu. S. et al. Increas-
ing the wear resistance of adapters and drill pipes by elec-
tromechanical processing. Journal of Mining Institute. 2018.
Vol. 2383. pp. 539-546.

Zhabin A. B., Polyakov A. V., Averin E. A. et al. Estimation
of abrasiveness impact on the parameters of rock-cutting
equipment. Journal of Mining Institute. 2019. Vol. 240.
pp. 621-627.

Korotkov V. A., Lipatov A. G., Vesnin A. M. Innovative tech-
nologies for repair-and-renewal maintenance and life exten-
sion for parts and units of mining and processing equipment.
Gornyi Zhurnal. 2015. No. 8. pp. 83-87. DOI:10.17580/
gzh.2015.08.17

Korneev V. A., Korneev P. A., Krestovozdvozhensky P. D., Puga-
chev E. V. Improvement of drilling cutter design. Gornyi Zhurnal.
2020. No. 12. pp. 67-70. DOI:10.17580/gzh.2020.12.15

Sinev S. V. Rock drillability and the most efficient drilling tool
selection. Gornyi Zhurnal. 2018. No. 12. pp. 59-64. DOI:
10.17580/gzh.2018.12.12

Kallel M., Zouch F., Antar Z. et al. Hammer premature wear
in mineral crushing process. Tribology International. 2017.
Vol. 115. pp. 493-505. DOI: 10.1016/j.triboint.2017.06.025
Ushakov L. S., Kamanin Yu. N. Stress—strain analysis of rock
mass in fracture by shearing percussion tool. Gornoe Oboru-
dovanie i Elektromehanika. 2008. No. 4. pp. 40-42.
Lagunova Yu. A. Working out the mathematical model of the
process destroying mining rocks “In layer”. Gornoe Oborudo-
vanie i Elektromehanika. 2008. No. 11. pp. 38-43.
Zedgenizov V. G., Melnikov A. V. Modeling work process
of impactor in fracture of rocks and strong building mate-
rials. Gornoe Oborudovanie i Elektromehanika. 2008. No. 2.
pp. 39-43.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Chupov . V. Interrelation of specific energy of rock fracture and
unit blow energy. Izvestie Vuzov. Gornyi Zhurnal. 2006. No. 5.
pp. 66-69.

Zedgenizov V. G., Al-Sakkaf Khaled Saed Taha. Some regulari-
ties of destruction of rocks at shock interaction of the wedge-
shaped tool with not dimension. Gornoe Oborudovanie i Elek-
tromehanika. 2012. No. 8. pp. 28-31.

Grantmyre |., Hawkes |. High-energy impact rockbreaking.
CIM Bulletin. 1975. pp. 63-70.

Mahyera A., McDonald R. C., Koenning T. H. Predicting per-
formance of joy Heftiimpactors for secondary breaking. Pro-
ceedings of the 14th Canadian Rock Mechanics Symposium,
Vancouver, CIM special. 1982. No. 30. pp. 59-63.

Afrouz A., Hassani F. P. An investigation into rock breaking by
direct impact. Mining Science and Technology. 1987. Vol. 4,
No. 2. pp. 167-176.

Bilgin N., Yazici S., Eskikaya S. A. Model to predict the perfor-
mance of roadheadersand impact hammersin tunnel drivages.
Proceedings, Eurock 96, Torino. 1996. pp. 715-720.

Bilgin N., Kuzu C., Eskikaya S. Cutting performance of jack
hammers and roadheaders in Istanbul metro drivages. Pro-
ceedings, World Tunnel Congress, Wienna. 1997. pp. 455-460.
Bilgin N., Dincer T., Copur H. The performance prediction of
impact hammers from Schmidt hammer rebound values in
Istanbul metro tunnel drivages. Tunneling and Underground
Space Technology. 2002. Vol. 17, No 3. pp. 237-247. DOI:
10.1016/S0886-7798(02)00009-3

Khoreshok A., Mametiev L., Tsekhin A., Borisov A. Relationship
between the power of the two-bit cutting body rotation drive of
the roadheader and hardness of broken rock. 3rd International
Innovative Mining Symposium : E3S Web of Conferences.
2018. Vol. 41(54). DOI: 10.1051/e3sconf/20184103017
Prokopenko S. A., Vorobiev A. V. Recovery of worn-out picks
in rock breaking. Eurasian Mining. 2018. No 1. pp. 27-30. DOI
10.17580/em.2018.01.06

Wayment W. R., Grantmyre |. P. Development of a high blow
energy hydraulic impactor. Proceedings of the Rapid Excava-
tion and Tunneling Conference. 1976. pp. 611-626.

Aksoy C. O. Performance prediction of impact hammers by
block punch index for weak rock masses. International Journal
of Rock Mechanics and Mining Sciences. 2009. Vol. 46, No 8.
pp. 1383-1388.

Aksoy C. O. An Updated Formula and Method to Predict the
Performance of Impact Hammers. International Journal of Rock
Mechanics and Mining Sciences. 2013. Vol. 61. pp. 289-295.
Aksoy C. O. Proposed chart for the selection of impact ham-
mer. International Journal of Rock Mechanics and Mining Sci-
ences. 2014. No. 68. pp. 120-127.

Bolobov V. I., Le Than Bin., Plaschinski V. V Crack propaga-
tion in rock upon impact. Obogashchenie Rud. 2019. No. 6.
pp. 3-9. DOI: 10.17580/0r.2019.06.01

Dvornikov L. T., Klishin V. I., Nikitenko S. M., Korneev V. A.
Experimental designs of a combined tool using superhard
composite materials for effective destruction of mine rocks.
Eurasian Mining. 2018. No. 1. pp. 22-26. DOI: 10.17580/
em.2018.01.05

Sokolinsky V. B. Percussion machines. Moscow :
nostroenie, 1982. 185 p.

Shelkovnikov |. G. Utilization of blow energy in drilling.
Moscow : Nedra, 1977. 160 p.

Stavrigin A. N., Tarasov B. G. Experimental physics and mecha-
nics of rocks. Saint Petersburg : Nauka, 2001. 343 p. I

Mashi-

EURASIAN MINING. 2022. No. 1. pp. 72-75 75



