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Abstract

Purpose. Current research focuses on studying experimentally various parameters affecting the particle size produced in a
vibrating jaw crusher developed and implemented at Al-Balga Applied University. The main purpose is to find the optimal

conditions at which the jaw crusher under study works.

Methods. The jaw crusher angle and rotating mass type are considered to study all particle sizes and reduction ratios ob-
tained for three different motor operation speeds: 1500, 2000, and 2500 rpm. Coarse aggregate weighing 900 g with 26 mm
particle size is fed into the jaw crusher, which produces several particle sizes (19, 12.5, 9.5, 4.75, and less than 4.75 mm). Fur-
thermore, the mass of the particles is measured and the particle size reduction is calculated.

Findings. It has been found that the jaw crusher angle, rotating mass type, and the motor operation speed play an important
role in both reducing the amount of mass and reducing the size of each particle produced. In addition, it has been determined that
operation at a speed of 2000 rpm provides a significant change in both mass and size reduction of each particle size considered.

Originality. The originality of this research lies in its experimental investigation of the effects of various parameters on
particle size reduction in a vibrating jaw crusher, as well as in the introduction of a new design that uses one motor to drive two

plates operating at different speeds and in opposite directions.

Practical implications. The findings can be used to optimize the design and operation of jaw crushers in various industries,
including metallurgical, quarry, and mining industries, where these crushers are widely used. The results of this study can also
serve as a basis for future research on particle size reduction in other types of crushers and milling equipment.
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1. Introduction

Grain quality in addition to jaw crusher speed and feed rate
were experimentally investigated to determine their impact on
crusher functions. It has been found that the mechanical pro-
perties of the produced grains did not change significantly du-
ring the crushing operations [1]. At the same time, several
experiments were conducted to study the effect of particles
size and operation speed on the final product size. The results
show that the increase in speed leads to an increase in crushing
time, which in turn reduces the particle crushing speed [2].
However, the gold-bearing ore crushing process was simulated
in order to verify the results with experimental data. It should
be said that frequency effect was observed for the compression
force during the crushing operation [3]. Performance of verti-
cal shaft crushing machine was compared to cone one in terms
of energy consumption and particles size reduction. It should
be mentioned that the vertical crusher was found to be more
efficient as it produced smaller particles at less power [4].
Multiple jaw crushers were compared in terms of energy con-
sumption and particle size reduction.

Modeling of a single toggle jaw as a plane crank and
rocker mechanism was performed in order to obtain the
mathematical equation, which describes the mechanism [5].
Moreover, jaw crushers can be disassembled and transferred
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to other locations. It should be noted that the simple design,
reliability, ease of maintenance, in addition to higher capaci-
ty, are also among the jaw crusher advantages.

Several parameters were investigated in a shock centrifu-
gal disintegrator comparing single and two chamber per-
formances, where the rotor speed was considered in addition
to input material size and type [6]. Experimental work using
the new vibrating mill design has been conducted to study
the impact of several variables, including motor speed and
initial material size [7]. It has been found that the rotating
mass plays a significant role affecting the processing time.
Moreover, the crushing of different rubble waste sizes using
two-stage processing was considered in order to cope with
the large amount of waste produced every year [8].

A vibrating jaw crusher, which is a machine for crushing
natural stone with a certain size, is widely used in metallur-
gical, mining, building materials, chemicals and coal indus-
tries. The jaw crusher can be used to crush rocks ranging in
hardness from medium to extremely, as well as various types
of ores, building rubble and glass, as well as other hard mate-
rials. It should be said that various industries use vibrating jaw
crushers, particularly mining and construction sectors [9].

Dynamics analysis has been carried out to describe the
mechanism of double toggle jaw crusher [10]. The jaw crusher
was modeled as a six-bar linkage to obtain a mathematical equa-
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tion representing the mechanical structure kinematics. It should
be noted that the dynamic performance was studied for different
structures containing various composite materials during the
deformation and stress analysis [11]-[13]. A similar analysis
was performed using seven bar mechanism [14]. A jaw crusher
digital design was performed using the SolidWorks platform,
while studying parameters for optimization purposes [15].

A numerical model has been developed to study the im-
pact of the gap between the jaws in addition to velocity re-
covery factor on the synchronization of the exciters [16]. A
pendulum motion electric motor was installed and investiga-
ted to develop a suitable algorithm for operating at resonance
frequency [17]. The dynamics of the jaw crusher during
crushing process of hard metals has been studied, since a
sudden change of shear forces has been noticed [18]. It
should be said that most cases, jaw vibrations are induced by
either two or four rotating mass vibrators [19], [20]. How-
ever, as a rule, the operating range for jaw crushers is within
r=0.6-0.8 (where r = w/wy and w, is natural frequency of
vibrations). Hence, an increase in the plate vibration induces
an increase in the jaw vibration frequency, according to the
plot of the first resonance frequency branch of induced vibra-
tions of the system with a single degree of freedom [21].

Analysis of a jaw crusher failure, caused by structure fa-
tigue, was carried out experimentally and numerically [22].
Results showed that the main cause of structure failure is
fast-growing fatigue cracks formed during operation. A sin-
gle jaw vibrator with constant angular velocity and unba-
lanced vibration was studied [23].

Vibration characteristics such as natural frequency have
been experimentally investigated for a moving dismounted
jaw crusher [24]. Single-particle impact tests were used to
model the grinding of polymers, limestone, and glass
spheres, where breakage probability methods were consid-
ered to describe the effect of material properties and initial
particle size on impact grinding product [25]. It should be
noted that vibration analyses have been carried out on com-
posite surfaces to study the effect of dynamic load on diffe-
rent materials [26]-[28].

This paper presents a new design of a double moving jaw
crusher a single driving motor. A gear box is installed to
transfer the angular motor velocity to the plates using multi-
ple shafts, but with opposite rotation directions. It should be
said that the angle of the jaws is adjustable. However, each
shaft has a rotating mass with eccentric distance to enhance
the process and crushing productivity. The sizes of the pro-
duced particles and each particle size reduction in addition to
the time of the crushing process are measured by varying the
rotating mass, the angle of jaw and the speed of motor.

A double-acting structure is designed with the vibration
exciter installed on the movable jaw. The exciter eccentric
mass is set to be the same as the vibrator reverse rotation,
and the horizontal component force is always balanced.
Thus, the equipment does not require large foundation and
anchor bolts for installation and use, which is convenient for
industrial selection and application [17].

According to the utility model with the above technical
solution, the double-action vibrating jaw crusher has a flexi-
ble structure, uses a vibration exciter to provide working
power, and can efficiently crush high-hard materials. Thanks
to special designs, it is easy to assemble without requiring a
large foundation and pre-buried ground. Foot bolts can be
widely used in crushing various brittle materials [15].
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2. Materials and methods

The material used in the crushing process is coarse ag-
gregate from one of Amman mines in Jordan with a particle
size of 26 mm. Material properties are listed in Table 1.

Figure 1 shows the jaw crusher scheme showing its main
components, designed and implemented at Al-Balga Applied
University, indicating its main components. The design un-
der consideration uses a single driving motor connected to a
gear box. The main shaft, designated Shaft 1, connects the
motor with the gear box. A rotating mass mounted on each
gear shaft rotates and enforces each plate to rotate at the
same angular velocity but in a different direction. This
movement allows the material to be crushed when the two
plates approach each other. However, when the plates move
apart, the crushed material is discharged down due to the
gravitational force.

It should be said that the material discharged during the
crushing process is added as a raw material for the next
working cycle, thereby achieving continuous crushing work.

Table 1. Properties of coarse aggregate used during experimental

work [29]
Aggregate Property Value
Specific Gravity (g/cm?®) 2.496
Bulk Density (g/ml) 1577
Absorption (AU) 0.026
Abrasion 0.31

Figure 1. Scheme of the jaw crusher: (a) 3D view; (b) side view
with components: 1 —motor; 2 —gear; 3 —frame; 4 — bea-
ring; 5 — jaw; 6 — rotating mass; 7 — spring
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However, it is worth noting that the jaw crusher frame is
placed on four compression springs and a resin base, which
control the swing amplitude of the movable jaw to avoid
interference between the movable jaw and other parts, since
it can be freely moved within a limited range (Fig. 1). More-
over, the compression springs also store energy during the
moving jaw return stroke and release the stored energy dur-
ing the working stroke to increase the crushing effect.

One of the advantages of this design is that the installa-
tion process does not need a considerable fixation of the
base. Moreover, such a mechanism can be used on a large
scale when crushing various hard and brittle materials. Fur-
thermore, this mechanism provides a crushing force that
exceeds the one produced by the conventional jaw crushers.
Hence, higher production capacity is obtained. This mecha-
nism contains two rotating masses on each shaft to enhance the
exciter vibration to crush and break the input material. Fur-
thermore, this mechanism does not require periodic mainte-
nance compared to other types of jaw crushers due its simple
design. Figure 2 shows the material used during crushing
(coarse aggregates) before and after crushing process.

@) (b)
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Figure 2. Coarse aggregate used in current experimental work:
(a) before process; (b) after process

Current jaw crusher design can be modeled with a single
DOF system. It should be noted that the high vibration am-
plitudes of jaw crushers require the use of steel springs with
a very low damping ratio. Therefore, damping in the consi-
dered vibrating system can be neglected. The equation of
motion of a vibrating jaw crusher system can be written in
general form as [21]:

2

MX + X+ kx = mee” sin (ot) . (1)
And after neglecting the damper effect, Equation (1) becomes:
MX + kx = mee? sin(wt), 2)

where:
M — total mass of the machine, kg;
m — eccentric rotating mass, kg;
e — eccentricity, m;
 — constant angular velocity, rad/s;
k — equivalent spring stiffness, N/m;
¢ — dashpot constant, N.s/m;
x —amplitude of vibration, m

3. Results and discussion

Several experiments are carried out to study the impact of
both the rotating mass and the jaw crusher angle on each of
the produced particle sizes and the reduction ratio when
varying the motor speed from 1500 to 2500 rpm. Figure 3
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shows the effect of different rotating masses used (460 and
510 g) on the particle sizes produced (19, 12.5, 9.5, and
4.75 mm) for the considered motor speed variation at a jaw
crusher angle of 18.5°. It can be observed that increasing the
rotating mass reduces the mass obtained in the case of large
particles (19 and 12.5 mm) and increases the mass of small
particles (9.5 and 4.75 mm) for the considered speed varia-
tion, as shown in Figure 3.

Rotating mass
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Figure 3. Effect of motor speed and different types of rotating
masses at jaw crusher angle of 18.5° on the mass pro-
duced of each particle size: 19, 12.5, 9.5 and 4.75 mm

It can also be observed that larger particle sizes (19 and
12.5 mm) are obtained at a speed of 1500 rpm, regardless of
the rotating mass used during experiments. However, as the
engine speed increases, a significant amount of particles with
a size of 9.5 and 4.75 mm is produced. It can be clearly seen
that operating at a speed of 2000 rpm has a significant effect
on all sizes, while increasing the speed from 2000 to
2500 rpm has almost little change. Generally, increasing the
rotating mass reduces the size of the larger particles (19 and
12.5 mm) and increases the amount of smaller particles (9 and
4.75 mm) for all rotating masses used, as shown in Figure 3.

A similar trend is observed when investigating the effect
of different rotating masses (460 and 510 g) on the mass of
particle sizes when changing the motor speed of 1500, 2000,
and 2500 rpm at a jaw crusher angle of 13.5°, as depicted in
Figure 4. That is, for particle sizes of 19 and 12.5 mm, the
heavier rotating mass induces the considerable large amounts
for both rotating masses considered at a speed of 1500 rpm,
as shown in Figure 4. Moreover, the use of 460 g rotating
mass results in smaller particles, as presented in Figure 4. It
should be noted that operating at a speed of 2000 rpm has an
obvious impact on each particle type for both of the rotating
masses considered.

The effect of the jaw crusher angle is studied for each
particle size at different motor speeds when using 460 g
rotating mass as presented in Figure 5. It is clearly seen that
the angle effect is obvious at a speed of 2000 rpm. How-
ever, this effect results in larger particles at an angle of
18.5° and smaller particles at an angle of 13.5°, respective-
ly (Fig.5). Different angles will not result in obvious
change in the mass for each particle size at maximum and
minimum operating speeds.

However, it has been found that the jaw crusher angle of
18.5° plays an important role when using a rotating mass of
510 g for motor speeds considered, as depicted in Figure 6.
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Figure 4. Effect of motor speed and different types of rotating
masses at jaw crusher angle of 13.5° on the mass pro-
duced of each particle size: 19, 12.5, 9.5 and 4.75 mm
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Again, it should be noted that the change in mass of
each particle size is much noticeable at an operating speed
of 2000 rpm.

Figure 7 illustrates the relation between the crushing pro-
cess time for the rotating mass of 460 and 510 g at jaw
crusher angles of 18.5° and 13.5°, respectively.
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Figure 7. Time necessary to complete the crushing process for
different jaw angles: 18.5° and 13.5°

For the 18.5° angle case, at 1500 and 2000 rpm, an in-
crease in the rotating mass leads to an increase in the process
time, whereas at 2500 rpm both types of rotating masses
have the same time. However, for the 13.5° case, it should be
noted that the process time when using a rotating mass of
510 g increases sharply and reaches 63 s, although the same
process time is required at a speed of 2500 rpm.

When studying the effect of the jaw crusher angle on the
time necessary to complete the crushing process for 460 and
510 g, the speeds of 1500, 2000, and 2500 rpm are consi-
dered (Fig. 8). Generally, the time increases if the motor
speed increases from 1500 to 2000 rpm for all considered
angles and rotating masses. It should be noted that when
using a mass of 460 g, the time corresponding to the angle of
18.5° is greater than the time measured in the experiments
for the 13.5° case for all considered speeds. However, for the
results relating to the mass type of 510 g, the measured time
is almost the same, except for the motor speed 2500 rpm,
when it is much longer for the 18.5° case.
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Figure 8. Time necessary to complete the crushing process for
different rotating masses: 460 and 510 g

The effect of motor speed and rotating mass on the reduc-
tion ratio of all considered particle sizes is investigated at an
angle of 18.5° as shown in Figure 9. Maximum reduction ratio
is observed at a speed of 1500 rpm for particles with a size of
19 and 12.5 mm, whereas it is clearly observed at a speed of
2500 rpm for the remaining particle sizes considered.
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Figure 9. Effect of motor speed and different rotating mass types
at jaw crusher angle of 18.5° on the size reduction ob-
tained for each particle size: 19, 12.5, 9.5 and 4.75 mm

However, it should be noted that the rotating mass of
510 g results in the largest reduction ratio change, especially
at 2000 rpm.

It has been found that the rotating mass of 460 g is opti-
mal for all particle sizes considered when using a jaw crusher
angle of 13.5° as shown in Figure 10. It should be said from
the results obtained at an angle of 18.5° that the maximum
reduction ratios are observed at a speed of 1500 rpm for
particle sizes of 19 and 12.5 mm and at and at 2500 rpm for
particle sizes of 9.5 and 4.75 mm, respectively, as depicted in
Figure 10. Also, reduction ratios reduce with increasing
motor speed for larger particles, while they increase for
smaller particles at the same speed variation.
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Figure 10. Effect of motor speed and different rotating mass types

at jaw crusher angle of 13.5° on the size reduction ob-
tained for each particle size: 19, 12.5, 9.5 and 4.75 mm

The effect of jaw crusher angle on each particle size re-
duction is studied for a rotating mass of 460 g and speed
variation (1500, 2000 and 2500 rpm) as presented in Fi-
gure 11. It is clearly seen that at an angle of 13.5°, the reduc-
tion ratios are most affected regardless of the particle size,
especially at 2000 rpm. It should be noted that for the same
angle, if the motor speed increases, the size ratio decreases
for larger particles (19 and 12.5 mm) and decreases for the
remaining sizes (9.5 and 4.75 mm).

53

50
Crusher jaw degree
—13:5%=——"18:5"
404
<
30 4
=
ke
°
% 20
o
(]
N
w
10
04 Particle size (mm)
A A475 €950 W m1250 @ @ 19.00

‘ISIOO ZOIOO
Motor speed (rpm)
Figure 11. Effect of motor speed and different rotating mass types

with a 460 g of rotating mass on the size reduction ob-
tained for each particle size: 19, 12.5, 9.5 and 4.75 mm

T
2500

The reduction ratio of all particle sizes considered and mo-
tor speed variation is investigated for different jaw crusher
angles by using a rotating mass of 510 g, as depicted in Fig-
ure 12. It should be noted that the dynamics of the considered
figures differs from those obtained using a rotating mass of
460 g, since the ratio of the crusher angle of 18.5° has a high
impact on the reduction of all considered particle sizes.
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Figure 12. Effect of motor speed and different rotating mass types
with a 510 g of rotating mass on the size reduction ob-

tained for each particle size: 19, 12.5, 9.5 and 4.75 mm

The operation of the new jaw crusher design has proven
an efficient and smooth crushing process on a small scale
(laboratory) that can be extended to larger machines and
production lines. The following step could be to increase the
number of rotating mass vibrators and study their effect on
the amount of produced sizes and the corresponding size
reduction for a complete crushing process. This could en-
hance the crushing process and reduce the time required for
this process. In particular, using a double moving jaw with
the same rotation velocity but in different direction using
single motor instead of two is an efficient solution for the
crushing process, since it is less power-consuming.

In this research, we study the largest possible number of
variables that could affect the crushing efficiency, such as jaw
crusher angle, type of rotating mass, reduction ratios, and
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coarse aggregate that produces several particle sizes. Further-
more, the mass of the particles is measured and calculated.

And due to the shortage and cost of energy in Jordan, an
industrial model will be implemented while conducting the
same experiments on various materials needed by the local
market and calculating the cost of energy consumed. It
should be said that the results obtained will be compared
with different crusher machines. Moreover, the effect of jaw
roughness on crushing materials will be investigated, since
the design and selection of a suitable jaw surface influences
the crushing efficiency and can increase production.

4, Conclusions

A new jaw crusher design has been implemented at Al-
Balga Applied University. This design contains one motor
connected to a gear which in turn moves the two plates with
the same angular speed but in the opposite direction. The
effect of several parameters, such as motor speed, jaw crush-
er angle and rotating mass on particle size produced and size
reduction has been experimentally investigated. It should be
noted that the angles and rotating mass variations are
18.5-13.5° and 460-510 g, respectively, for motor speed of
1500, 2000, 2500 rpm.

At a certain jaw angle, the mass of large particles and size
reduction (19, 12.5 mm) decrease with increasing motor
speed for both rotating mass types. However, the mass of
particle sizes (9.5, 4 mm) increases with increasing motor
speed, regardless of the jaw angle and rotating mass type.
Furthermore, in general and when varying the jaw angle, it is
clearly seen that there is no significant change in the result-
ing mass of each particle size at speeds of 1500 and 2500
rpm, since the change is well observed at 2000 rpm.

It should be noted that the size reduction results have
the same dynamics as the results for particle mass. Also, it
has been found that time necessary to complete the process
when using 460 g at motor speed variation is much longer
than the time for 510 g at the same motor speed. Moreover,
the results show that the time necessary to complete the
crushing process at a jaw angle of 18.5° is longer for both
types of rotating masses.
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JocaigxeHHs eKCIePUMEHTAJIBLHUX 3MiHHUX BeJIMYUH Bi0pauiiHol mokoBoi Apodapku
k. Xagnan, ©. Ansdake, T. Ams-kypan, L1 Ixpiec

Merta. ExciepumeHTansHe BUBYCHHS Pi3HUX ITapaMeTpiB Ta ONTUMAIBHAX YMOB POOOTH, IO BINIMBAIOTH HA PO3MIp YAaCTHHOK, SIKi YTBO-
pIofoThCs y BiOpamiiiHill IOKOBIH ApobapIli, po3poOiieHiil Ta BIIpoBapKeHiil B YHIBEPCUTET] NPUKIAIHIX HayK AJb-baika Juist BU3HaYeHHS
ONTUMAJIBHUX YMOB ii poboTH.

Metoauka. Kyt miokoBoi 1podapku Ta THII 00€pTOBOi MacH BPaxOBYIOThCS Ul BUBUEHHS BCiX pO3MIpiB YAaCTHHOK 1 CTyIeHA MOApio-
HEHHsI, OTPUMaHUX JUTS TPhOX Pi3HUX IIBHAKOCTEH poboTtu auryHa: 1500, 2000 i 2500 06/xB. ['py6wuii 3anoBHioBaY Baroro 900 r 3 po3mipom
YaCTUHOK 26 MM MOJA€Thcs B LIIOKOBY IpoOapky, sfika MPOAyKye Kibka po3MipiB wactuHok (19, 12,5, 9,5, 4.75 1 menme 4.75 mm). Hagami
BHMIPIOETHCSI Maca YaCTHHOK 1 00UNCIIFOETHCS CTYIIHB 1X 3MEHIICHHSI.

PesyasTaTn. BussieHo, mo KyT mMOKOBOI IpoOapkH, TUII 00EpTOBOI MacH Ta NIBUAKICTH pOOOTH ABUTYHA BiJIrparoTh BaXKIIMBY POJb 5K
y 3MEHIIEHHI KiTbKOCTI MacH, Tak i B 3MEHIIEHHI po3Mipy KOKHOI BHpoOiIeHol yacTiHKH. Kpim Toro, Oyio BH3HaYeHO, 0 poOOTa 31 IBUI-
kicTio 2000 06/xB 3a0e3mneuye 3HAYHY 3MiHY 3MCHIIICHHS SIK MACH, TaK 1 pO3Mipy KOKHOTO PO3TIITHYTOTO PO3Mipy YaCTHHOK.

HaykoBa HoBHM3HA. OpHTiHAJBHICTh BOTO TOCTIHKEHHS MOJSrae B €KCIEPUMEHTAJbHOMY BHBYCHHI BIUIMBY PI3HUX MapaMeTpiB Ha
3MEHIICHHS PO3Mipy YacTWHOK y BiOparmiifHili MIOKOBIH ApoOapIi, a TAKOXK y BIPOBAKCHHI HOBOI KOHCTPYKIIi, SIka BUKOPHCTOBYE OJIHH
JBUTYH IS TIPUBOJLY IBOX IUIACTHH, IO MPALFOIOTH 3 PI3HUMH IIBUAKOCTSMH Ta B IPOTHIICKHUX HAIPSIMKAX.

IpakTnyna 3HaYUMicTh. OTpHUMaHi JaHi MOXYTh OYTH BUKOPUCTaHI U ONTHUMI3awii KOHCTPYKIIi Ta pOOOTH MIOKOBHX IpOOapoK y pi-
3HUX TAIy3sX NPOMHCIOBOCTI, y TOMY YHCIi B METaIypTiiiHil, Kap’epHiil Ta ripHna0100yBHIH, 1 i IpoGapKH MUPOKO BUKOPHUCTOBYIOTHCS.
Pesynpratét IBOTO JOCIIDKEHHS TAaKOX MOXYThH CIyTyBaTH OCHOBOIO JUISI MAaHOYTHIX JOCITIPKEHb IIOA0 3MEHIIEHHS pO3Mipy YaCcTHHOK B
IHIIUX THIAX Ipo0apoK i MOAPiOHIOBAIBHOTO 00T HAHHS.

Knruosi cnosa: woxosa opobapxa, noopionenns, eiopayis, ¢ppesepyeanns, mamepian
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