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Introduction 

In the recent decades, the upward 
trend in the power, productivity and 
weight of heading and mining machines 
continues in the world [1–4]. Light-
weight heading machines of 15–20 t are 
replaced by average weight and heavy 
shearers of 30–40 and 50–80 t, respec-
tively. Super heavy machines have 
weight of 85–125 kg. Power of drum 
engines has increased from 44–110 to 
270–350 kW. Heavy cutter–loaders are 
capable to produce 200–250 kg of hard 
rocks per day. The upper strength limit of 
cut rocks reaches 90–130 MPa. Modern 
mining machines can cut seams to 5.5 m 
thick, and have the total rated power of 
drives more than 2100 kW and coal pro-
ductivity up to 10000–15000 t/day.

The rock-breaking tools follow the trend. Ten years ago, 
in the leading coal mining region in Russia—Kuzbass, cut-
ter–loaders were equipped with picks 120–140 m long with 
a weight of 0.7–0.8 kg. Hard-alloy inserts with a diameter 
of 12–16 mm were in use. The lately picks have the lengths 
of 200–320 mm and weight of 2–3 kg (Fig. 1). In this case, 
the tungsten carbide–cobalt inserts have diameter of 
19–24 mm and more. 

The number of picks on the drums of Russian head-
ing machines can vary from 28 to 56. On Sandvik MB 600 
boom-type roadheaders, the number of picks can be 160 
or 210 depending on the drum width. The cutter–loader 

drums are equipped with 108–130 picks [5, 6]. All earlier 
and current picks have a comparatively short operating 
life. This fact is governed by the rod-like structure of the
picks. Such structure is named as a tangential–rotary pick 
(TRP) and represents a round extended shank end and a 
cone head reinforced with a tungsten carbide nose-piece.
Owing to the rode-type shape, TRP rotates in the tool-
holder, which ensures uniform wear of the reinforcement, 
provides longer life of the picks (as compared with radial 
tools) and contributes to their popularity. 

At the same time, after the tungsten carbide insert 
is worn-out, a pick is no more usable, is removed and 
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Fig. 1. Change in 

dimensions of picks 

for cutter–loaders.
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replaced with a new tool. The best portion of the tool gets
in waste nearly fresh, which means inefficient use of high-
quality metals. The process of rock cutting in mines contin-
uously tends to much metal waste, cannot be assumed as 
a resource-efficient operation and calls for improvement. 

It is possible to extend operating life of TRP by means 
of: selection of the highest-quality materials for manufac-
turing of picks and inserts; improvement of thermal treat-
ment processes; betterment of rock cutting conditions;
perfection of pick nose shapes; optimization of pick pat-
terns on drums; development of design and parameters of
picks, etc. 

Higher resistance to the abrasive wear is achieved
by using steels with higher content of alloying elements
[7]. The quality thermal treatment ensures uniform dis-
tribution of hardness length-wise the body of the picks.
Professor V. I. Bolobov and his colleagues revealed that
Russian picks RS32 had nonunifom hardness distribution
length-wise the head: the hardness differed in the core
and on the surface [8]. The highest hardness and wear
resistance are found in the widest part of the head (round
55 HRC), while the minimal hardness (32–42 HRC) is
determined in the middle and nose zones which are the
most subject to wear during rock breaking. The authors of
this article propose improving the thermal treatment flow 
chart by removal of cooling-down of pick noses, by main-
tenance of even temperature along the pick heads and by
avoidance of structural nonuniformities. 

The increase in the diameter of the tungsten carbide 
inserts extends the pick life [9]. Hard rocks are expedi-
ent to be cut using inserts with diameter not 18 but 22 and 
25 mm. The decelerated wear of picks is observed when 
water jet under pressure to 20 MPa is fed on rock face in
front of the pick. K. Kotwica arrived to a conclusion that
water jets were to be generated using nozzles 0.5 mm in
diameter installed on the drum in front of each pick. The
positive effect of water on penetrability and longer life of 
picks is also revealed in the experimental investigations of
Chinese scientists [10]. 

Substitution of the cylindrical and mushroom-shaped
indenters for ellipsoids of rotation enables removal of stress
raisers from the insert surface and extending the life of the
picks [11]. It is proposed to make inserts of super-hard
composites (cubic boron nitride and synthetic diamond)
for longer life of picks for breaking higher hardness rocks.
Application of such picks to cutting potassium salt with
hardness f = 2–4 on Protodyakonov’s scale revealed dif-
ferent causes of pick breakdown. At the present time, the
authors continue laboratory testing aimed to assess energy
consumption of rock cutting by composite picks [12]. 

Reinforcement of pick heads by longitudinal inserts 
and stalinite surfacing of pick bodies prevents the pick 
wear [13, 14]. Reduction of the contact area between the
steal head and rocks as well as the increase of the higher
strength surface area of the body decelerates the pick 
wear rate. 

Installation of a special carbide ring on the nose of
the pick head prevents metal from wear and extends the
operating life of the reinforcement element and the whole
pick. This design is manufactured by the leading TRP
manufacturers—Sandvik and Kennametal [15, 16].

To prevent damage of long picks used in coal cutting
and to expand their resource, the split design is proposed
for drum picks [17]. The pick is composed of a rod rein-
forced with a tungsten carbide insert and a replaceable
bushing put on the rod from below and acting as a mat
structure at the contact with toolholder. After the rod wear,
the bushing can be used several times. However there is no
information on the tests of this design or its working effi-
ciency in the scientific literature. 

The rate of pick wear is affected by the pick–rock fric-
tion dependent on the operating angles of the picks. The 
theoretical model of finding such angles is described in 
[18]. The experimental studies show that for the reduction
in coal–pick friction, the cutting angle should be 45–50�
while the pick incline to the cutting surface is to be round 
20�, which provides free cutting conditions [19, 20]. The
lowest cutting force and destruction energy of rocks is
achieved at the level of 0.84–0.88 kWh/m3 [21].

The analyses show that the proposed and partly devel-
oped engineering solutions and process designs ensure 
longer life of cutter–loader picks. All earlier and currently
operated picks have short operating life. This is condi-
tioned by the structure as it makes the picks unrepairable
after they are worn-out. As a consequence, the picks are
expendable, and the waste of rock cutting continuously
grows in connection with tendency toward the increasing
dimension of picks. The aim of this study is to find design 
solutions targeted at the elongation of operating life of 
picks and practical testing of new designs in mines. 

Objects and methods 

The R&D objects were picks of the Russian and foreign
manufacture used in the mines in the major coal basin of 
Russia—Kuzbass, Kemerovo Region. The operation of 
picks was inspected in heading and actual mining in more 
than 15 mines for five years. The picks were examined in
their initial condition and after operation. The methods of 
inspection were measurement, weighing, comparison and
assessment. The standard certified measurement tools 
and weighing machines were employed. 

During the research, the scientific and patent literature
was reviewed and the methodology of the invention solu-
tion theory was used. The parameters of the head shank 
end were substantiated based on the design of pick model
RGP 33-87-70/16M. The actual dimensions of picks were 
used for their geometrical modeling and strength calcu-
lation using the finite element method in the SolidWorks 
Simulations environment. 

The developed structure of the split pick was tested
in mines of the Northern Kuzbass Mining Company, Rus-
sia. The tests involved operation of picks on both heading
machines KSP-35 and EBZ 230, and on cutter–loaders KSW 
460 and Joy. The test picks were manufactured by such
companies as Mining Tool Plant, BETEK and Kennametal.
Structurally, the picks were represented by steel holders to
1800 m long with diameter to 60 mm, equipped with tung-
sten carbide–cobalt noses with diameter of 19–24 mm. The
shank ends were made as two-step structures with diam-
eters of 38 and 30 mm, and had a length of 75–85 mm. 

The new split design was tested in the Berezovskaya 
Mine on cutter–loader KSW-460 in longwall No. 21 in seam
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XXVI. The mining depth was 200–309 m. The seam had 
a dip of 18–29� and a thickness of 1.05 m. The structural 
design of the longwall system allows the extractable thick-
ness of 1.3 m. The adjacent roof rocks are represented by 
siltstone with hardness f = 5–6 on Protodyakonov’s scale. 
REM picks were used simultaneously with BETEK picks. 
Three new picks were installed in a row in all three loops of 
the front-running drum. 

Results and discussion 

In the tests, we examined the mechanisms and degree 
of wear of both new and worn-out picks. It is found that 
the majority of picks feature low wear uniformly distrib-
uted around the tip of the cone head. This part of the pick 
holds the strong nose breaking coal and rocks. As a con-
sequence, front bevel part of the pick is mostly subjected 
to wear, while the rest of the structure keeps nearly ini-
tial shape. However, without the tungsten carbide insert, 
the further operation of the picks is prohibited due to the 
increased cutting force [22], intensive friction-caused 
sparking [20] and higher load on the cutter–loader trans-
mission [23]. 

The analysis of the size and shape of the picks shows 
that up to 70–80% of the pick body keep almost inaltera-
ble. The used and removed picks often have wear not more 
than 10–15% (Fig. 2).

The rejects include up to 85–90% of the initial item 
made of high-strength and expensive steel. A new pick 
of average-size cutter–loader KP-21 has weight of 1050 
g, and up to 840 g of the weight goes to waste after the 
pick removal. On the heavier cutter–loader, with picks with 
weight of 2000–2500 g, the rejects include 1600–2000 g 
of metal from each item. Almost flawless parts of the picks 
fall to waste. 

In the Berezovskaya Mine, Kemerovo Region, Russia, in 
cutting coal seam by machine KSW-460, in case of pyrite 
inclusion, all picks on two drums had to be replaced in a 
single pass 0.6 m wide and 200 m long, i.e., 180–200 picks 
were replaced per shift. Such regime of picks governs high 
metal loss and high financial charges connected with pur-
chase of many new picks, as well as disagrees with modern 
standards of economic production. 

The analysis of the advanced designs of the newest R&D 
and invention picks used in mines, as well as the formulation 
and solution of the invention task made it possible to design 

a split pick for rock cutting (Fig. 3). It is found that the struc-
ture of a pick head composed of holding and working parts 
with reliable joint allows replacement of the worn working 
part while the pick is used many times. Structurally, such 
pick includes a shank end with a holding head with a nest 
to hold the shank end of the working head with a reinforced 
nose. The joint of the holding and working heads is ensured 
by a screw threaded from the holding head to the shank end 
of the working head. The screw prevents from axial offset of 
the working head while allowing its free rotation. 

As a result, the structure has two assemblies of the
nose rotation (pick in the pick holder and the working head 
in the holding head), which reduces probability of the tool 
jam and too fast single-side wear of the pick nose. It is pos-
sible to unscrew the working head and replace it by a new 
part directly in the face area. 

Such structure allows replacement of a small-size
working head after removal of a pick. Up to 80% of the pick 
body becomes reusable. In the structure proposed earlier 
in [17], after wear of a pick, the whole rod with the nose is 
replaced. The renewed part makes 80% of the whole pick 
weight. The new-proposed engineering solution features 
high resource efficiency. 

The finite element method was used to model stresses 
in the body of the split pick during rock cutting. The 
obtained dependences provided the optimized parameters 
(length and diameter) for the working head shank (WHS) 
by the criterion of maximal strength. The study shows that 
the lowest stresses are observed in the pick body when 

Fig. 2. Low-wo rn 

rejected picks

in coal mine 

Fig. 3. Split pick design: 

1 — shank end; 2 — grove in shank end;2 3 — holding head;
4 — tungsten carbide nose; 5 — working head;5 6 — shank 6
end of working head; 7 — nest;7 8 — holes for split pins
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WHS has the length of 23 mm and diameter of 28 mm. The 
obtained values were used to manufacture pilot test picks. 

The pilot split picks included the two-stage cylindrical 
shank with diameters of 38 and 30 mm of the stages. The
holding head diameter was 60 mm. The replaceable head
was fixed in the holding head on three sides, which ensured 
reliable joint and axial rotation in the nest. For this purpose,
three threaded holes were made in the holding head at
120o along the circumference. For drilling in the inclined
surface of the head, three pockets were cut. The general
view of the new-design picks is shown in Fig. 4. 

The hew-design split pick REM was tested on the cut-
ter–loader model KSW-460 in the Berezovskaya Mine. 
Three picks were arranged on the front-running drum on
December 12, 2017. The rest 43 picks were manufactured
by BETEK. 

In each pass 0.6 m wide and 200 m long, the cut-
ter–loader produced 250 t of coal. The shift plan was two
passes, or production of 50 t of coal. After each pass, the
drums were examined and the worn picks were replaced,
including REM picks. After total wear of the working head,
operator cleaned the screw pocket from coal dust, released 
the screw and replaced the head with a new part. The life
of the working head lasted for 2–4 shifts. The wear of the 
replaceable heads is characterized in Fig. 5. 

The analysis revealed two stages of deformation of 
working heads. At the first stage (first shift or 6 h long oper-
ation), the cone experienced diameter reduction and thin-
ning at the preserved length. At the second stage (during
the next 12 h), the length and weight of the cone exten-
sively decreased up to the loss of the nose. During opera-
tion, the length of the head cone decreased from the initial
33 mm to 15 mm (45% of the initial loss). The weight of the 
worn head made 60% of its initial weight. 

The life of BETEK picks during the tests was 5–6 days.
The REM picks served for 5 days. During this time, 4–5 
heads were replaced on each pick. Unfortunately, on the
sixth day, during the night shift, KSW-460 stopped: the
reduction unit of the rear-running drum lift broke. The
cutter–loader was dismantled and substituted for Czech 
machine MB-12. It was impossible to install the two-stage 
picks on the drums of that cutter–loader. 

The picks removed from the drum are shown in Fig. 6. 
The head on one pick was absent and the nest was filled
with coal. After coal removal, the support disk of WHS was
discovered on the bottom of the nest. Probably, under high
loading, the disk separated from the shank and the head
fell out. Installation of a new head would allow further oper-
ation of the pick. Two other picks had their working heads 
moderately worn and were further usable. 

Fig. 5. Change in condition (a) and length of the cone 

and weight (b) of replaceable heads

Fig. 6. REM picks after cutting tests
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Operation of the pilot picks for 5 days proved their effi-
ciency in cutting coal adjoined with 30% of rocks. During 
the tests, 7500 t of rock was broken. The design proved its 
repairability in the face area. The REM picks had the same 
life length as the conventional expandable picks. In case 
of the further use, the pilot picks could offer the economic 
effect. Satisfied with availability of the multiple-use split 
picks, the mine ordered a pilot batch of the picks for opera-
tion with a new cutter–loader. 

Conclusion 

The investigation and the test result allow arriving at a 
few conclusions as follows: 

1. The trend of increase in the size and weight of cut-
ter–loader picks leads to higher metal consumption of rock 
breaking and necessitates finding new engineering solu-
tions toward the extension of life of the rock cutting tool. 

2. The developed split design of the picks ensures 
repairability in the face area without removal from cutter–
loaders, by replacement of working head. The values of 
length and diameter of the working head shank calculated 
by the reliability criterion are proved by the absent detach-
ment of the working head. Detachment of the support disk 
of one head was observed. 

3. The tests of the pilot split picks proved their effi-
ciency in coal faces with adjacent rocks up to 30%. The 
picks are suitable for multiple use in case of the prompt 
replacement of the worn-out working heads.

4. The further research is conditioned by the need 
to simplify the replacement procedure of the working 
heads by the cutter–loader operators in the face area. It is 
required to analyze detachment of the support disk from 
the working head shank. Furthermore, the option of the 
reduction in the length of the working heads and, thus, 
in metal consumption can be studied. Particular scientific 
and economic interest lies in assessment of ultimate life 
of toolholders given the multiple replacement of the work-
ing heads, which is going to be the subject of the future 
tests. 
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