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DIREE TION OF IMPROVEMENT OF THE WO?'\’I(ING
BODIES OF HAMMER

Abstrakt

Among the many types of grinding machines used in enterprises of grain processing, food and other industries, an im-
portant place belongs to hammer crushers. This is explained by the possibility of their use for grinding materials of various origins
(plant, animal, mineral, as well as various wastes of food production), various particle size distribution (lumpy, briquetted, granular,
fibrous), having different strength properties (hard, medium hard, soft, brittle, viscous), capable of being crushed once or requiring
double sequential crushing. In addition, hammer crushers are characterized by relative simplicity of design, and most importantly -
they destroy materials in the most rational way - by impact loading as a result of two successive strokes: a hammer on a particle and
particles on the surface of the deck.

The execution of these attacks at right angles creates the conditions for the intensification of the destruction process. How-
ever, the wear of the hammers leads to a rounding of their impact faces, which makes the angles of attack in the active zone of the
hammers significantly different from the direct one. Under the influence of shock-frictional loads, their working surfaces quickly
wear out, which leads to a decrease in productivity and crushing efficiency, to an increase in energy consumption, a disturbance in
the balance of hammer rotors, an increase in the vibroacoustic activity of crushers, and other negative consequences

The invention of the “Hammer of the crusher” provides for the use of ring-shaped multi-toothed hammers, the durability of

which, when using traditional materials and conventional heat treatment, is increased by 4...5 times, eliminates the need for periodic
rearrangement of hammers, stabilizes the operation of crushers. The possibility of self-sharpening ring-shaped multi-toothed ham-
mers after reversing the hammer rotor simplifies the maintenance of crushers, eliminates personnel errors when replacing worn
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hammers.

If multi-toothed hammers are subjected to liquid non-electrolysis boration and heat treatment using an optical quantum

generator, then their durability can increase by more than ten times.

Key words: hammer; wear of work surfaces; heat treatment of hammers; reversal of a hammer rotor, replacement of worn

hammers, ring-shaped multi-tooth hammer, chemical heat treatment.

Hammers of the hammer crushers during opera-
tion perceive intense shock-frictional loads, which lead to
the rapid wear of their working surfaces. There is a de-
crease in productivity and grinding efficiency, an in-
crease in energy consumption, an increase in the
vibroacoustic activity of crushers and other negative
phenomena.

Therefore, hammers are usually made of materi-
als with high wear resistance - from alloy steels 30xrc,
30xrca, 35xrc and 35xrca, which require cementation
and hardening, as a result of which the hardness of the
impact part on both sides of the hammers from the edge
to the hanging hole is equal to arc 55...56.

Despite this, high tension concentrations occur-
ring at the vertices of the right angles of plate hammers
under shock loads cause specific wear of a set of ham-
mers of 0.5...1.0 g/t, and the average operating time of
one set does not exceed 300...340 hours.

Studies have shown [1] that the shape, size and
thickness of hammers also affect the wear resistance of
hammers. Now the prevailing form of hammers is con-
sidered rectangular. Rectangular plate hammers with two
hanging holes are the most technologically advanced for
reasons of manufacturing and consumption of scarce
sheet steel. The length a of the hammers and the width b
depend on the diameter D of the hammer rotor a = 0.23d,
b = 0.1d. Recently, the thickness of hammers A has been
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predominantly taken equal to 6 mm.

The technical literature describes attempts to use
cylindrical hammers with a diameter of 18 mm [1]. Their
wear resistance increased by 1.5...1.8 times, which
should be recognized as positive, but still insufficient. In
this regard, the technology of chemical-thermal pro-
cessing of hammers developed at the Moscow Techno-
logical Institute of the Food Industry [2] deserves atten-
tion. They developed and introduced the technology of
liquid (non-electrolysis) boron and heat treatment of
hammers using an optical quantum generator (OQG).

Liquid borating of hammers made of 30XT'CA
steel was carried out in a molten salt. A metallographic
analysis of the microstructure and micro hardness of the
surface layers showed that a boride layer 30...40 pm
thick with a micro hardness of 8000 ... 12000MPa was
formed on the surface of the hammers.

To prevent damage, boron hammers were sub-
jected to heat treatment - high-temperature tempering in a
high-vacuum installation, which led to a decrease in the
structure of the transition zone material and a decrease in
the heterogeneity of its structure and chemical composi-
tion.

X-ray and microstructural analysis showed that
the phase composition, microstructure and micro hard-
ness vary depending on the depth of the diffusion zone:
the zone of iron borides FeB - has a thickness of 30 um
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and a micro hardness of 12000 MPa;
zone of iron borides Fe2B - 20 pum and
8000 MPa, respectively; the zone of a
solid solution of boron in iron is 70 pm
with a gradual decrease in micro hard-
ness from the surface to the middle of
8000...2200 MPa. Under the influence
of radiation from the generator, the
solubility of boron in steel increases.
Chemical-thermal  treatment
allows obtaining a protective layer up
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to 1.5 mm thick on the surface of the
hammer, which consists only of Fe2B,
which reduces its brittleness.

Tests of boride coated ham-
mers subjected to heat treatment with
the use of laser showed that the wear
resistance of the hammers of the Al-
JAMMUM-20 crusher increased by 3...4
times. However, this method has not
yet received industrial distribution.

We have proposed the con- 6
struction of a ring-shaped multi-toothed
hammer [3], which when using tradi-
tional materials and conventional heat
treatment increases the durability of
hammers by at least 4-5 times. If the
proposed hammers are subjected to the aforementioned
chemical-thermal treatment, then their durability will
increase even more.

The multi-toothed ring-shaped hammer 1 (Fig.
1) is freely mounted on the carrier disk 2, which has three
side plates 3, one of which contains a removable stop 4
and a closing link 5. The hammer is mounted on a sus-
pended axis of the usual type, for which the carrier disk
has eccentric pendant hole.

The invention is aimed at stabilization of the
grinding process in time due to self-rotation of a multi-
toothed ring-shaped hammer in such a way that at any
time within the overhaul cycle, the least worn tooth ap-
pears in the shock position. This occurs under the influ-
ence of centrifugal inertia forces and forces of impact-
friction interaction between the hammer and the grinding
product.

If, for example, ten teeth are arranged along the
perimeter of the ring, then, taking into account the re-
verse of the directions of rotation of the rotor, twenty
working faces successively appear at the shock position,
having the geometry originally provided, which ensures
the maximum crushing effect. To increase the efficiency
of crushing, the teeth are bent from the plane of sym-
metry of the ring: paired in one side and unpaired in the
other by half the thickness of the hammer. So, for exam-
ple, if the thickness of the hammer is 6 mm, then the
teeth are bent 3 mm from the axis in different directions.
This allows you to expand the crushing zone and elimi-
nates the obstruction of the teeth from adjacent teeth (the
effect of obscuring the cutting edges of the teeth by adja-
cent teeth is eliminated).

This provides a more uniform distribution of the
cutting edges of the teeth in the working area of the
crusher.
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Fig. 1 - The scheme of the hammer crushers made in accordance with the

invention No. 1764691:

1 - ring-shaped multi-toothed hammer, 2 - carrier disk; 3 - side plates;
4 - removable stop; 5 - closing link; 6 - suspension hole

As a result, the number of simultaneously working cut-
ting edges of the teeth increases, therefore, the productiv-
ity of the crusher increases when using hammers of a
new design.

After all ten teeth have been wear to the maxi-
mum permissible state, the rotor of the crusher is subject-
ed to reversal, which includes the work of the yet not
worn opposite edges of the teeth. In this mode, the ge-
ometry of the worn edges of the teeth is partially restored
due to self-sharpening, the effectiveness of which still
needs to be confirmed during the practical use of multi-
toothed hammers in real operating conditions.

Since a conventional rectangular-shaped ham-
mer with four working faces (or eight, taking into ac-
count the reverse), the durability of a ten-pointed ham-
mer with twenty working faces increases 2.5 times. If
they are subjected to the above chemical-thermal treat-
ment, then the durability can increase by 7.5...10 times.
This fully compensates for the costs of increased con-
sumption of sheet steel and its waste, which are created
in the manufacture of hammers of an annular shape.

In the case of the use of multi-toothed ring-
shaped hammers in hammer crushers with monolithic
rotors, as provided, for example, in crushers of the Dutch
company Van Aarsen, the design of hammers can be-
come more advanced. In this case, the pads 3 (Fig. 1)
become unnecessary, therefore the hammers 1 together
with the carrier disks 2 are located inside the annular
grooves (Fig. 2), the width of which can be 6+0.5 mm
without bent the teeth. If the tooth bent is to be carried
out, then on both sides of the carrier discs, when assem-
bling the rotor, distance washers 3 mm thick should be
installed, and the width of the grooves can be 12...
13 mm.
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For balancing a hammer
crusher on impact, according to the 5
theory of M.M. Gernet [4], the
square of the radius of inertia of the
hammer p relative to the sus pen-
sion axis should be equal to the
product of the distance from the
suspension axis to the center of
mass of the hammer ¢ by the dis-
tance from the suspension axis to
the impact line / i.e.

pr=c-l (1)

The square of the central

radius of inertia of the hammer,

which is assembled in the form of a

flat disk of mass m and radius r, we
find

2

where I - is the moment of inertia

of the hammer relative to the z axis,

that is, the product of the hammer

mass m by the square of the dis-

tance from its center of mass r to
this axis. Therefore, we have

I;=m-p%. (3)

The square of the radius of

inertia of the hammer relative to the

suspension axis p’ is determined by

the Huygens-Steiner theorem (ac-

cording to the parallel axis theorem)

p*=pi +c* (4)

Neglecting the presence of a suspension hole

and hollows depressions between the teeth, we determine

the square of the central radius of inertia of the hammer

2
according to (2), taking [, = m'ﬂj from the tables of
moments of inertia

mo 4 )
The distance from the suspension axis of the disk ham-

mer to the line of impact (Fig. 2) is
l=c+n (6)
After transformations (4), (5) and (6), provided

that the impact reaction on the axis of the suspension of
the hammer is Rx = 0, we obtain

JR —

Fig. 2 - The scheme of the hammer rotor with ring-like multi-tooth

hammers:

1 - monolithic rotor, 2 - ring-like groove; 3 - hanging rod; 4 - disk drive;

5 - ring-like hammer

2
r .
<+ =de+n), ™
where do we get
rt . .
I-I-C' =c +cor )
Finally, find
r
Ta ©)

Expression (9) allows you to construct a ham-
mer so that the shock reaction on the axis of its suspen-
sion is zero, regardless of the force shock X and the ac-
celeration created by it.

Ring-shaped hammers, in comparison with con-
ventional plate hammers, also provide a significant re-
duction in the complexity and time spent on the read-
justment and maintenance of crushers.
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HAIIPAMOK YIOCKOHAJIEHHA POBOYUX OPI'AHIB
MOJIOTKOBHUX JPOBAPOK

Anomauisn

Cepeo bacamvbox munié nOOPIOHIOIOUUX MAWUH, WO 3ACMOCOBYIOMbCS HA NIONPUEMCIBAX NepepodKU 3epHa, Y
Xapuositi ma iHWUx 2aay3ax npoMUCIo80CHI, 8aAXCIUBe Micye HANeHCUMb MOTOMKO8UM Opobapkam. Lle nosacuioemocs
MONCTUBICIIO IX BUKOPUCMAHHS ONIs1 NOOPIOHEHHS. MAMEPIanié Pi3HO20 NOX0OAHCEHHS (DOCIUHHO20, MBAPUHHO20, Mile-
PAnbHO20, A MAKONC PIZHUX BIOX00I8 GUPOOHUYMEA XAPHUOBUX NPOOYKINIB), 3 PIZHUM PO3NOOLIOM PO3MIPI6 YACTMUHOK
(KDYNHOKYCKOBUX, OPUKEMOBAHUX, 3EPHUCINUX, BOJOKHUCMUX), 3 DIZHUMU MIYHOCTMHUMU BIACMUBOCMAMU (MBEPOUX,
CcepeOHbO-MEepoOUx, M'SIKUX, KPUXKUX, 8'513KUX), 30amHUX NOOPIOHIO8AMUCS 3 00UH pa3 abo eumazamu NOOGILIHO20 HOC-
Ni006H020 NOOpibHenHs. Kpim mozo, Mo1omkoei Opobapku xapaxmepusylomscs Gi0HOCHOI0 NPOCMOMOI KOHCIMPYKYT,
a 20106He - BOHU PYUHYIOMb Mamepianu Hatlolb payioHarbHUM CROCOOOM - YOAPHUM HABAHMAICEHHAM 6 Pe3yIbmami
080X NOCNIO0BHUX YOapi6. MOJOMKOM NO 4aACMYi [ YACMKOI HA NOSEPXHI OeKU.

Buxonanns yux yoapie nio npsmum Kymom cmeopioe ymosu 0ns inmencugikayii npoyecy pyinysanns. Oonax
3HOC MOJOMKI8 NPU3600UMb 00 OKPY2IeHHA iX YOapHUX epauel, wio pobume Kymu amaxu 6 aKmueHili 30Hi MOAOMKI6
cymmeso 8iOMiHHUMU 8i0 npamux. 11i0 eniueom yoapHo-puKyitiHux HABAHMAICEHb iX POOOUI NOBEPXHI WUBUOKO 3HO-
WYIOmMubCsl, Wo Npu3eo0ums 00 3HUNCEHHS. NPOOYKMUBHOCMI ma epexmusnocmi 30pioHenHss, 00 30LIbUEHHS eHePeOsU-
mpam, NnopyuieHHs OanaHCy MOJOMKOBUX POMOpI8, 30iNbuleH A 8iOPOAKYCMUYHOI aKmugHocmi OpooapKy ma iHuwux
He2amueHux HAclioOKie.

Bunaxio «Monomok 0pobapkuy nepedbayac uKopucmans Kitbyenodionux 6azamo3youacmux MoJiomKie, 00-
6206IUHICMb SKUX NPU BUKOPUCTNAHHI MPAOUYILIHUX Mamepianie ma 36udaiHol mepmiuHoi 06poOKu 30i1bulyemocs 6
4...5 paszie, o suxiouae nompedy 6 nepioOuyHil nepecmanosyi Moromxie. Moocaugicms camo3amoyy8anHs Kilvye-
noodibHUx bazamo3youacmux MoIOMKIG NICs PeepCy8ants MOJOMKOBO20 POMOPA CRPOUWYE MeXHIuHe 00CTY208Y8ANHSI
Opobapxu, ycysae NOMUIKYU NEPCOHANY NPU 3AMIHI 3HOUEHUX MOLOMKIE.

AHrwo baecamo3zybuacmi Moaomku nio0amu piOUHHOMY He eleKmpOoai3HOMY OOPYSAHHIO Mda MePMIYHIll 06pooyi
3a 00NOMO20I0 ONMUYHO20 K8AHMOBO20 2eHEPAMOopd, Mo iX 008208IYHICIb MOJCe 3pOCMU OibU HidC Y decamb pasis.

Knrouosi cnosa: monomok,; 3HOULYBAHHA pOOOUUX NOBEPXOHb, MEPMOOOPOOKA MOJIOMKIB, pedepcy8anHs MO-
JOMKOBO20 POMOPA,; 3AMIHA 3HOWEHUX MOJIOMKIB, Kilbyenoldionuu 6azamo 3youacmull MOJIOMOK, XIMIKO-MePpMIiuHA

0bpobKa.
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