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A COMPARISON STUDY BETWEEN BUCKET CRUSHER AND MOBILE CRUSHER
PERFORMANCE FOR LIMESTONE QUARRIES

Danail Terziyski, Lijupcho Dimitrov, Dimitar Kaykov
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ABSTRACT. This article treats the problem of rock crushing utilising the bucket crusher technology. The main factors for using this type of technology are identified in
this study. A comparison analysis is conducted in order to differentiate the excavation cycle duration between the bucket crusher and a conventional hydraulic excavator's
bucket. Furthermore, the differences between the volumes in the shift's productivity are also pointed out. A comparison analysis is used as an argument for pointing out
the narrow range of cases where this technology is applicable. Nevertheless, the main advantages of the bucket crusher technology are considered to be the lower
volume of capital investment costs as well as the narrower width required for the pit ramps compared to using mobile crushers in the pit.
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CPABHUTENEH AHANKU3 MEXOY PABOTATA HA KO®OBA TPOLLUAYKA U MOBUITHA TPOLLAYKA B KAPUEPU 3A
BAPOBWK

Hanaun Tep3auticku, Jlonyo Jumumpos, Jumumbp Kalikoe

Munto-eeonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cogpusi

PE3IOME. Hactoswumst goknag Tpetupa npobnema 3a HaTpoLuaBaHe Ha ckanaTa nocpeacteoM kodhosu Tpowadku. OCHOBHWTE (DAKTOPYW 3a MPUIOXEHWE Ha Tasu
TEXHOMOTNS Ca MOCOYEHU B HACTOALIOTO W3cneaBaHe. CpaBHUTENEH aHamM3 € M3BbPLUEH C Len fa Ce YCTaHOBAT pasnukuTe B TEXHOMOTUYHWUTE LMKIM Npu
13MON3BaHETo Ha kodhoa TpoOLIAYKa W MpU W3MON3BAHETO HA KOHBEHLMOHanHa koda 3a xuapasnuyeH Garep. OcBeH ToBa ca CPaBHEHW U CMEHHUTE
NpoW3BOAMTENHOCTY B iBaTa cnyyasi. HanpaBeH e v CpaBHUTENEH aHanM3 Ha ycroBusiTa, B KOWTO MoraT ia 6baaT npunaralu ABata Tuna TexHonorusi. Hesasucumo
OT HaNMM4HUTE HEROCTaTbLW, OCHOBHOTO MPEAMMCTBO Ha WU3MON3BAHETO Ha TEXHOMOrMsTa C KoGoBa TpOLIAyka Ce OKas3BaT MO-HWUCKUTE KanuTarHW pasxoau v no-
Marnkarta LWMpoYnHa Ha paboTHUTe NMOLWAAKY B CPABHEHWE C MIIOLLAZKUTE NpU 3MO3NBAHETO Ha MOOMITHa TpoLLayka B 3a60s Ha kapuepara.

Kniouosu AYMU: TpOLLEHE, KOCbOBa TpoLlayka, Npon3BoOAUTENHOCT, Kapuepn 3a BapoBUK

Introduction By deciding to implement the bucket crusher, there can be
several advantages, like decreasing the initial capital investment
costs, eliminating the need of a mobile crusher, eliminating the
need of mobile crusher operator staff. With the implementation
of the crushing bucket, the crushing machine will be wherever
the excavator is, which means it can excavate and load in
unpleasant places for the mobile crusher, i.e. in confined
spaces.

The processes of excavating, transporting, crushing, and
stockpiling have a major impact on a quarry’s life, in terms of
material output and costs. Therefore, establishing an optimum
sequence quarrying operation requires careful planning, due to
the small scale of the operation, where incremental costs can
significantly decrease the profit. However, the search of a better
and newer technology often tends to bring unexpected solutions
which have been overlooked. . ..

An unconventional crushing technology which is so far only Construction and work principles
used as an auxiliary equipment is the so called “bucket crusher”.

The technology is composed of an excavator and a small mobile There are different types of bucket crushers that are
crusher, replacing its bucket. The small mobile bucket crusher constructed for different types and strength of the materials.
is fed directly by the excavator for primary or secondary Currently, there are three types of bucket crushers (Eftimie D.,
crushing. The conventional crushing technology via a mobile 2014), such as:

crushes has the following sequence of operations: the material o Jaw bucket crusher, or JBC (see Fig.1),

is transported and dumped near the crusher and then fed into e Hammer bucket crusher (Fig.2),

the mobile crusher by a front end loader. The presence of this
abundance of machines makes it more complicated as they
become co-dependent on one another. The capital costs are
higher in the beginning, and the need of staff is increased.

o Crushing mill bucket type (Fig.3).
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Fig. 3 Crushing mill bucket

For this research, the jaw bucket crusher will be used as an
example. The jaw bucket crusher will be used because it offers
more widely crushing capabilities in terms of rock strength and
size.

The procedure of loading a jaw bucket crusher is the same
as with the ordinary excavator bucket. The difference is that it is
heavier and larger compared to a bucket with the same volume
capacity.

When loaded, the JBC needs to be manoeuvred in an
upright position so the gravity can carry the material downwards.
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After fixing the position of the bucket, the operator needs to take
it above the unloading (crushing) place and start crushing the
material. When the bucket is emptied, the process is restarted.

Determining the crusher productivity

[P}

Theoretically, the jaw-action crusher evacuates “n” prisms
of material per minute; so, for an hour, we can write (Eftimie D.,
2012):

Qv=60Vn

where:

(1)

V is the volume of the material prism.

Although the proposed method is theoretically correct, it can
be difficult to apply it in a straightforward manner in the
conditions of a mining site. The productivity for the bucket
crusher can also be established by measuring the duration of
each operation from the loading cycle of an excavator. The
duration of the shovelling cycle of the bucket crusher excavator
can be determined by the following equation:

TP =ty + tepm + te + topm, M

(2)

where:

Tbc.. is the shovelling cycle time for a bucket crusher
excavator, min;

t4 — digging time, min;

trr-m — the filled bucket rotational movement, min;

t. — crushing time, min;

t.r-m — the empty bucket rotational movement, min.

The number of shovelling and crushing cycles within a
period of 1h can be determined by the equation:

bc _ 60
N = o

(3)

where:
NP¢_ is the number of shovelling and crushing cycles per 1h;

chh _ E.Nbcc.Ff, mh 4
where:
Q”Ch is the bucket crusher excavator productivity per hour,

m*/h.

The bucket crusher's hourly output of material can be
calculated by the following formula:
chs = chh-Ts-Kte-Ktr-Kdt ()
where:
chs is the bucket crusher excavator productivity per work shift,
m¥/s;

K., - coefficient accounting for the excavator's technical
efficiency;

K., — coefficient accounting for the truck waiting time per shift;
K, — coefficient accounting for the excavator downtime per
shift.
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The annual material output for the bucket crusher excavator
can be determined by the formula:
Q" , = Q.. Ns (6)
where:

N is the number of work shifts per year.

Material output comparison for a bucket crusher operation

In most cases, a conventional quarry operation utilises an
excavator, a front end loader, a haulage truck, and a mobile
crusher. For quarrying sites, the output of the mobiles crusher
can vary from 200 t/h to 400 t/h and the suitable rock size for
feeding the crusher is usually up to 600 mm. The main objective
of this case study is to verify the pros and cons of utilising a
bucket crusher in a quarrying operation.

The BF 150.10 bucket crusher model is suitable for
excavators with an operating weight of between 70 and 100 tons
and provides a bucket opening of 1450 x 700 mm and an output
adjustment from 100 to 200 mm. This machinery is considered
to be essential for primary crushing in quarries and large scale
operations. The BF 120.4 S4 bucket crusher model is suitable
for excavators with an operating weight between 30 and 45 tons
and provides a bucket opening of 1205 x 540 mm. The output
material size of the BF 120.4 S4 bucket crusher is from 15 to
145 mm and therefore it can be used for secondary crushing in
quarrying. Both bucket models are suitable for inert material,
including the hardest rock types. (https://www.mbcrusher.com/).
Studies show that an average shovelling cycle is approximately
2 min; therefore, the shovelling cycles for the 2 models are thus
assumed in this case study.

Calculations for an excavator with the BF 150.10 bucket
model

be 60 0
N C=TT=7=SOCycles
sc
E.Nb¢_.F; 23.30.0,65
Qbe, = kR =32m3/h

F, 1,4

Q¥ = QY. .Ty. Kyp. Koy Ky = 32.8.0,9.0,95.0,95 =
=207,9 m3/shift

Q¢, = Q.. Ny = 207,9.240 = 49 896 m?/year

Therefore, the required number of excavators equipped
with the 150.10 bucket crusher is 1.

Calculations for an excavator with the BF 120.4 S4 bucket
model

be 60 0
N ¢ = The =22=27cycles
sc ’
E.Nb_.F, 13.27.0,8
Q, = = = 21,6 m3/h

F 13
Q¥¢. = QP¢, Ty Kpe. Koy Kge = 21,6.8.0,9.0,95.0,95
= 140,35 m3/shift

Q"¢ = Q" _.N; = 140,35.240 = 33 684 m*/year
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Therefore, the required number of excavators equipped
with the 120.4 S4 bucket crusher is 1.

noe, =20 50 00 eyel
= = —= cycles
¢ The_ T 03 y
E.N*_.F 1,76200.0,8
bc c°f ’ ’ 3
= = =216,6 m3/h
h E, 13 m’/

Qb = Q¥ . Ty Ko Koy Kae = 216,6.8.0,8.0,95.0,95
= 1251 m3/shift

Since the average output of material per shift is 125 m?, the
excavator can satisfy this requirement in the time limit of one
work shift.

Therefore, 2 work shifts are needed for the quarry as shown in
Fig. 4:

SHIFT2
h (3 (& Sh [6h [Th [$h

SHIFT 1
th [ 3 Tah [5h Jeh [ [sh [th

EXCAVATOR 1- Bucket
ausher 23 m*

EXCAVATOR 2- Bucket ‘ ‘
crusher 13 m?

EXCAVATOR 2 - Normal
bucket 17§ m*

Fig. 4 Work shift plan for both bucket crusher excavators

Workspace comparison

Calculation of the work bench width in the case of utilising
a bucket crusher

Following I. Koprev's (2017) formulae, we propose the
following formula for the calculation of the work bench width in
the case of utilising a bucket crusher:

B"\p = Byp + By + By + By, =3+3+5+22=33m
(7)

By = Byp + By + By, =3+3+22=28m
(8)

where:

BPc,, is the work bench width (when utilising a bucket
crusher), m;

By, — back break width, m (B, =3 m);

B, — ramp width for auxiliary equipment (B, = 3 m), m;

B, —road width, m, (B, = 5 m);

By, — muck pile width, m (B,,,,= 22 m).

Equation 7 can be applied in the general case of utilising a
bucket crusher with a haul road, situated outside the ramp width
intended for holding the muck pile (see Fig. 5).
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Fig. 5 Bench width with a road access

Equation 8 is applied when there is a possibility to situate
the haul road behind the muck pile, which is usually wider than
the minimum width needed for one-lane haul truck road in
quarrying (Fig.6).

Excavator's center

Fig. 6 Bench width with only muck pile width access

Therefore, equation 7 represents the maximum needed
width required for utilising a bucket crusher, while equation 8
represents the minimum needed width required for a bucket
crusher. However, one should notice that in the case of Fig. 6,
the productivity of the excavator would be less, due to the longer
excavation cycle required for shovelling the material from the
muck pile.

Calculation of the work bench width in the case of utilizing
a mobile crusher

Following |. Koprev's (2017) and A. Atanasov's (2003)
formulae, we propose the following formula for the calculation of
the work bench width in the case of utilising a mobile crusher:

Bmcwb = Bbb +Ba +ch+Bmp =
=3+3+35+22=315m (9)

Bmcwb = Bbb + Ba + me + ch + Bmp =
=3+3+16+148+22=464m (10)

where:

B™¢ ,, is the work bench width (when utilising a mobile
crusher), m;

By, — back break width, m (B, =3 m);

B, - ramp width for auxiliary equipment, m (B, = 3 m);

B, — crushed material width, m (B,,,, = 3.6 m);

By, — muck pile width, m (B,y,,, = 22 m);

L, — mobile crusher length, m (L,,. = 14.8 m).

Equation 9 is applied in the case when there is an excavator
shovelling the material from the muck pile directly into the mobile
crusher, which is positioned parallel to the bench crest (see
Fig.7).

Excavator's center

Fig. 7 Bench width when the mobile crusher is placed parallel with
the bench

Equation 10 also applies when an excavator shovels the
material into the mobile crusher, which is positioned
perpendicular to the bench crest (Fig.8).

Mobile crusher's Excavator's center

oenter

Fig. 8 Bench width when mobile crusher is placed perpendicular
to the bench

Therefore, equation 10 represents the maximum needed
width required for utilising a mobile crusher, while equation 9
represents the minimum needed width required for a mobile
crusher. Therefore, the bucket crusher can be utilised in
confined spaces and, therefore, a smaller work bench width is
required for shovelling and crushing the material in the bench
limits, as was shown in Fig. 9.
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Fig. 9 Minimum required work bench width
Costs and profit comparison

Table 1 represents the costs required for starting a quarry
operation with a bucket crusher or with a mobile crusher.

Table 1. Investment and operation costs for the two quarrying
operations

MINING OPERATION WITH A BUCKET CRUSHER
EXCAVATOR

Equipment name | Investment costs, | Operational costs,
EUR EUR/h

Bucket crusher 2.3

m? 197 300 35

Excavator (94 1) 400 000

Bucket crusher 1.3

m? 73 800 26

Excavator (31 1) 180 000

Haulage truck 48 000 17

TOTAL 899 100 78

MINING OPERATION WITH A MOBILE CRUSHER AND A
CONVENTIONAL EXCAVATOR

Equipment name | Investment costs, | Operational costs,
EUR EUR/h

Mobile crusher 560 000 44

Excavator (26 t) 150 400 23

Haulage truck 48 000 17

Front end loader 170 000 18

TOTAL 976 000 102

Furthermore, salaries and wages are also included for the
calculation of the total annual costs for the two cases. Both
cases require personnel of 4 workers in total (Table 2):

Table 2. Costs required for personnel in both cases

Bucket crusher Mobile crusher
operation operation
Number of | Salary, Number of | Salary,
operators |EUR/month | operators | EUR/month
Mobile ) 1 1200
crusher
preavalor |y 1200 1 1200
Excavator 1 1800 ) )
Haulage 1 1200 1 1200
truck
Front end 1 1200 1 1200
loader
TOTAL 4 5400 4 3600
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Figures 10 and 11 represent the results from the feasibility
study, which show that utilising a bucket crusher quarry
operation may prove to be more profitable in the long term.

Undiscounted costs comparison

Bucket crusher

Mohile crusher

uUndiscounted total costs, EUR

0 5 10 15 0 5 30
Years of quarrying

Fig. 10 Undiscounted costs comparison for a bucket crusher and
mobile crusher quarry operation

Discounted costs comparison

Bucket crusher

Mobile crusher

Discounted total costs, EUR
=
=

0 5 b} 15 0 5 30
Years of quarrying

Fig. 11 Discounted costs comparison for a bucket crusher and
mobile crusher quarry operation

Assuming an average selling price of crushed limestone of
10 EUR/t and an annual output of material for the quarry of
30 000 m? (78 000 t), the undiscounted and discounted profits
are calculated for the quarry operation (Fig. 12 and Fig. 13).

Undiscounted profit comaprison

Mobile crusher

Bucket crusher

Undiscounted profit, EUR

2po0po00 O 5 10 55 20 5 30
Years of quarrying

Fig. 12 Undiscounted profit comparison for a bucket crusher and
mobile crusher quarry operation
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NPV comaprison

Buckat crusher

Mobile crusher

Years of quamying

Fig. 13 NPV comparison for a bucket crusher and mobile crusher
quarry operation

Table 3 represents the results from the feasibility study for the
15t and the 30t year of quarrying.

Table 3. Results from the feasibility study

Bucket Mobile
Years of
uarrvin crusher crusher
quarrying operation operation
Investment
costs, EUR - 889 100 976 000
Undiscounted
costs, EUR 15 4 491 900 4 777 600
Discounted
costs, EUR 15 2 299 662 2 457 957
(r=0,15)
Undiscounted
orofit, EUR 15 7208 100 6 922 400
NPV, EUR
(r=0,15) 15 2261287 2102 991
Undiscounted
costs, EUR 30 8084 700 8579 200
Discounted
costs, EUR 30 2471783 2 640 082
(r=0,15)
Undiscounted
orofit, EUR 30 15315300 | 14820800
NPV, EUR
(r = 0,15) 30 2 649 681 2481382

In the cases of 15 and 30 years of quarrying, the feasibility
study shows that although the investment costs for the bucket
crusher operation are slightly lower, the incremental profit
gained from it is worthwhile.
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Conclusions and possibility for further studies

The main conclusions of this case study are as follows:

e The material output analysis from this case study has
shown that, so far, the utilisation of the bucket crusher
technology is suitable for small mining sites and quarries
(material output up to 30 000 m3/year).

e  The required work bench width for utilising a bucket crusher
is smaller than the one required for utilising a mobile
crusher. Therefore, the bucket crusher excavator can be
flexibly used in quarries or small mining sites where the
workspace is limited.

e  The results from the feasibility study show that although the
investment costs are slightly lower for the bucket crusher
operation, the operational costs are less than the quarry
operation, utilising a mobile crusher.

e However, in the case of using a bucket crusher, the quarry
has to operate in 2 work shifts per day in order to maintain
its planned material output throughout the years. At the
same time, a mobile crusher operation, although more
expensive, has to operate with 1 work shift per day.

One should notice that this feasibility study is site specific
and any further investigations into this topic should be compliant
with the specific equipment prices for the particular country and
the market value of the crushed stone. In addition, this study lies
on the assumption that drilling and blasting costs are equal for
both cases and that the rock fragmentation size is similar for
both cases (600 mm maximum rock fragment size).

However, further studies on the rock fragmentation size can
be conducted in order to revise the comparison between the two
proposed technologies. Also assuming that different rock size
fragmentation for both cases and, therefore, different drilling and
blasting costs can lead to a different outcome, which has to be
further investigated.
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