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ABSTRACT. Some of the paramount technological parameters of jaw crushers are the fraction size characteristics of the crushed product and the rate of crushing (J).
The manual of every machine outlines those but very often it does not specify the width of the discharge gap (b) of the crusher and how this affects the fraction size
characteristics of the crushing process and the achieved rate of crushing. All these factors aggravate the choice of crusher purchase and result in errors. For this
reason, an experiment has been carried out with a laboratory-scaled complex pendulum jaw crusher with the size of the feeding gap of 100 x 155 mm. The sieve
analyses performed have helped construct fraction size characteristics for the crushing products and define the degree of crushing of the mineral at varying widths of
the jaw crusher’s outlet gap and at varying lump or grain sizes of the input material to be crushed. The results obtained have been analysed and conclusions have
been drawn regarding the technological parameters of the jaw crusher under the specified working conditions.
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3bPHOMETPU4YHU XAPAKTEPUCTUKU U CTENEH HA TPOLLEHE HA NABOPATOPHA YENIOCTHA TPOLLUAYKA CbC
CNOXHO NIONEEHE HA NOABWUXHATA YENIOCT
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PE3IOME. EfHU OT OCHOBHUTE TEXHOMOTMYHI NapaMeTpy Ha YemioCTHUTE TPOLLAYKY Ca 3bPHOMETPUYHATA XapaKTepUCTUKa Ha HaTPOLLEHNS MPOAYKT U CTeneHTa Ha
TpolLeHe (i). Te ce AaBaT B MPOCNEKTa Ha BCsika MalliHa, HO MHOTO YECTO HE e YTOYHEHO 3a KakBa LUMPOYMHA Ha pasToBapBalyws 0TBOp (D) Ha TpolaykaTa ce
OTHACST M KakBO € BIUSHUETO Ha b BbpXy 3bPHOMETPUYHATA XapaKTEpUCTWKA HA MPOAyKTa OT TPOLUEHETO M MOCTUraHaTa CTEMeH Ha TpolleHe. Beuuko ToBa
3aTpyaHsiBa u3bopa Ha TpoLLayka npu 3akynyBaHe Ha HOBa MallMHa M BOAM A0 rpeluku. 3a LenTa e HanpaBeH ekcriepuMeHT ¢ nabopaTopHa YentocTHa TpoLuayka
CbC CINOXHO NloNeeHe Ha NOABKKHATA YENHOCT 1 pasmepu Ha npuemHus oTeop 100 x 155 mm. OT U3BBPLUEHM CUTOBM aHaNM3N ca NOCTPOEHI 3bPHOMETPUYHM KPUBM
Ha NpOyKTUTE OT TPOLUEHETO W € OMpefeneHa CTeNeHTa Ha TPOLLEHE Ha MUHepanHa CypoBMHa MU Pa3iinyHy LWMPOUMHY Ha b Ha YemtocTHaTa TpoLLaYka v eapuHm
Ha MOCTBMBALLMS 3@ TPOLLEHe MaTepuan. Criefl aHanusa Ha MoMyyYeHUTe PesynTaTit ca 0GOBLLEHN COTBETHUTE M3BOOM OTHOCHO TEXHOMOTMYHUTE MapaMeTpu Ha
YeniocTHaTa TpoLuayka, Npu 3afjafieHn pasMep Ha pasToBapBalLl, 0TBOP M eApuHa Ha U3XOLHWUS MaTepuan.

KniouoBu AYMU: YENOCTHa TPoLlayka, pa3ToBapsall 0TBOP, 3bPHOMETPUYHU XapaKTePUCTUKK, CTENEH Ha TPOLLUEHe

Introduction conditions, the most important being the rate of crushing and
the fraction size characteristic of the crushed product. The
The jaw crushers are widely used for crushing of a variety of establishment of the fraction size of the crushed material and

raw materials. The advantages of complex pendulum jaw the crushing rate are essential conditions for good
crushers are their small dimensions and weight and their management of the crushing process and its optimisation.
simple construction. These crushers provide a higher rate of The purpose of the present study is to determine the fraction
crushing and 15-20% less energy demand than the jaw g6 and crushing rate of a laboratory-scaled complex
crushers with a simple swinging of the movable jaw. The pendulum jaw crusher at different widths of the discharge port
choice of the dimension-type of the crusher is related to the and fraction grain sizes of the feeding material.

following conditions: the feeding gap has to be at least 10-15%
wider than the maximum particle size of the feeding product
and the size of the sizing gap for discharge has to be suitable
for achieving the required fraction size of the crushed product,

Materials and methods

the rate of crushing, and the productivity. The grain size distribution, or the grain size characteristics,
. . shows the quantitative distribution of the grains/fractions in a

A number of technological parameters characterising the certain material according to their size. The grain size
operation of the jaw crusher are determined under laboratory distribution is determined by the methods of the grain size
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analysis. The grain size analysis of the grain materials is
unified and is performed by the method of the sieve analysis.
For this purpose, average samples are collected from
representative samples of the crushed products and they are
sieved through a set of sieves of different mesh sizes (16.0,
12.5, 8.0, 4.0, 2.5, and 1.0 mm). Thus, average samples of the
crushed products are sieved by size, obtaining the following
classes: +16 mm, -16 + 12.5 mm, -12.5+ 8 mm, -8 + 4 mm, -4
+2.5mm,-2.5+1 mm, and -1 + 0 mm.

The results of the sieve analyses are presented in a
graphical form. To determine the total sum production of the
resulting classes, their private productions (yi) are calculated
using the formula:

M;
y; = —L.100, % (1)
) 0

where:
Miis the mass of the respective class, kg;
Q is the total mass of the sample, kg.

The total sum grain size curves of the material passed
through the meshes (by “-"in Fig. 2, 3, 4, 5, and 6)) represents
the regularity of grain size distribution in the crushed products
obtained after the crushing of the feeding material of different
sizes and at different widths of the discharge port of the
crusher.

The achieved rate of crushing (i) under the set test conditions
(size of b and size of the input material) is determined by the
formula:

Doy
d

av

i:

2)
where:
Dav, dav are the average diameters of the material, respectively
before and after the crushing, mm.
The average diameters of the crushed material are defined
with the following formula:

Z?:ﬂ/i

d. =

av

3)
where:
d

av
material, mm;

d; is the arithmetic mean diameter of the grains in the

different classes, mm;
7; is the production of a class with a diameter d; %.

is the average diameter of the grains of the whole

The experiment sets the following parameter that defines the
test conditions: average diameter of the material to be crushed
(Dav, mm).

The material is pre-selected and sieved until the relevant
crushed class is obtained. The dimensions of the prepared
classes are shown in Table 1.

10

Table 1.
Dimensions of the feeding material for crushing.
Class, mm Day, mm
-55+45 50
-45+35 40
-35+25 30
-25+15 20

The sizing gap for discharge is selected and compliant to the
dimensions and capabilities of the laboratory-scaled facility.
The experiments were performed at widths of the sizing gap for
discharge of 6, 8, 12, 16, and 20 mm.

For the experiment, a laboratory-scaled complex pendulum
jaw crusher and a feeding gap of 100 x 155 mm was used. Fig.
1 presents the longitudinal section of a jaw crusher with a
complex swinging.

«//
L
Fig. 1. Complex pendulum jaw crusher

»  Width of the discharge port of the crusher (b, mm).

Results and discussions

The total sum of grain size curves (drawn by “’) of the
crushed products at different widths of the discharge port and
fraction sizes of the feeding material are shown in Figures 2, 3,
4,5, and 6.

The characteristics of the grain sizes in Figures 2, 3, and 4
(at b = 20, 16 and 12 mm) show that the larger classes at all
sizes of the feeding material (Dav = 50, 40, 30 and 20 mm)
predominate in the crushed products. This is less prominent in
the products obtained by crushing the material with a fraction
size Day = 50 mm. The dominance of larger classes increases
with the reduction of the size of the material to be crushed. By
decreasing the size of the discharge port from 20 mm to 12
mm, the content of the class +16 mm is reduced in the crushed
products, respectively for;

v Day50 mm: from 41,5% to 5,2%;

v" Dav 40 mm: from 47,2% to 0%;

v Day 30 mm: from 46,5% to 0%;

v Day 20 mm (at b=16 and 12 mm): 0%.

The grain size curves in Figure 5 show that for a discharging
gap of the crusher b = 8 mm, a steady distribution of classes in
the crushed products for all fraction sizes of the feeding
material is achieved. This is most evident in the crushed
product obtained from the material with Dav = 50 mm. All the
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crushed products are with fraction sizes less than 12.5 mm.
The resulting contents of the +8 mm class in the crushed
products are respectively:

v' for Day 50 mm: 30.0%;

V' for Day 40 mm: 26.6%;

v for Dav 30 mm: 23.2%;

v’ for Day 20 mm: 20.6%.

The grain size characteristics in Figure 6 (at b = 6 mm) show
the predominance of the fine classes in the crushed products
for all fraction sizes of the input material. With this size of the
discharging port, the content of the +8 mm class in the
products from the crushing of the relevant in sizes material is:

v' for Day 50 mm: 9.6%;
V' for Dav 40 mm: 9.4%;
V' for Dav 30 mm: 6.7%;
v' for Dav 20 mm: 5.0%.

At the same sizing gap for discharge (b = 6 mm) of the jaw
crusher, the content of the class -1,0 + 0 mm in the crushed
products is similar for all fraction sizes of the feeding material.
The content of the class -1,0 + 0 mm in the crushed products is
respectively:

v’ for Day 50 mm: 19.0%;
v’ for Day 40 mm: 20.4%;
v' for Day 30 mm: 20.4%;
v’ for Day 20 mm: 19.5%.
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Fig. 2. Grain size distribution characteristics of the crushed products at
b=20 mm
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Fig. 3. Grain size distribution characteristics of the crushed products at
b=16 mm
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Fig. 4. Grain size distribution characteristics of the crushed products
at b=12 mm
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Fig. 5. Grain size distribution characteristics of the crushed products at
b=8 mm

Cymapen Lo6UB K3 KnacHTe,%
g

288882388

=

] 1 2 3 4 5 3 7 § 4§ 10 1 12

d, mm

—— Depssl

Fig. 6. Grain size distribution characteristics of the crushed products at
b=6 mm

Table 2 shows thethe results of the calculations performed
through formulae (2) and (3) regarding the crushing rates (i)
and average diameters (day) of the crushed products at the
different fraction sizes of the feeding material and the widths of
the discharge port of the jaw crusher. Also, the table shows the
fraction sizes dso in the crushed products obtained under
different test conditions. The fraction size dso (mm) is a grain
size corresponding to a 50% total sum production by minus,
reported at the grain size curves represented in figures 2 - 6.
The data in the table shows that the dav and dso of the crushed
products obtained at the relevant widths of the discharging port
have similar values that do not depend on the Da, of the
feeding material. The rate of crushing decreases with a
reduction in the size of the material to be crushed for each one
of the chosen widths of the discharge port of the crusher.
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Table 2.

Obtained values of i, €, and dso for the crushed products under the certain conditions for the experiments (Dav and b, mm).
D b=20 mm b=16 mm b=12 mm b=8 mm b=6 mm
mar; Dav d50 / Dav d50 / dav d50 / Dav d50 / Dav d50 /

mm mm mm mm mm mm mm

mm mm mm mm mm mm mm mm

50 130 | 143 | 38 | 105 | 118 | 48 | 88

93 | 57 | 57 | 55 | 88 | 43 | 40 | 116

40 135 | 155 | 3.0 | 10.7 | 120 | 3.7 | 89

96 | 45 | 53 | 50 | 75 | 42 | 40 | 95

30 138 | 155 | 22 | 112 | 128 | 2.7 | 84

88 | 36 | 53 | 63 | 67 | 40 | 37 | 75

20 - - - 102 | 110 | 20 | 86

86 | 23 | 53 | 52 | 38 | 40 | 39 | 50

For all fraction sizes of the feeding material, the crushing
rate is increased by the reduction of the width of the
discharging port. The highest rate of crushing is achieved by
crushing the raw material with Day = 50 mm, at all widths of
the discharge port.

Conclusions

1. By the adjustment of the width of the sizing gap for
discharge of the jaw crusher (b), the crushing process is
controlled in order to obtain products of different fraction
size composition. The total sum grain size characteristics
of the crushed products indicate that they are
characterised by:

e adominance of the larger classes at b > 12 mm;
e adominance of the finer classes at b = 6 mm;
e asteady distribution of grain fractions at b = 8 mm.

2. For the studied widths of the discharging port of the
crusher, a similar value of dav and dso is obtained for the
crushed material and it does not depend on the Day of the
feeding material. The values of dav and dso vary within the
range, respectively
e at b=20 mm — da from 13.0 to 13.8 mm; dso from
14.3t0 15.5 mm;

e at b=16 mm - da from 10.2 to 11.2 mm; dso from
11.0t0 12.8 mm;

e atb=12 mm - da from 8.4 to 8.9 mm; dso from 8.6 to

3.For all the investigated fraction sizes of the feeding
material, the rate of crushing increases with the
reduction of the width of the discharge port.

It is known that the rate of crushing, as well as the
frequency of rotation of the eccentric shaft (swing frequency
of the movable jaw), exert influence on the performance of
the crusher and the consumed power. In order to determine
these dependencies, it is necessary to continue the
experiments for the actual crusher.
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