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The paper presents a comprehensive multi-stage technology and original hydraulic impulse equipment
(HID) for vibroimpact dewatering of wet dispersed food production waste. Conventional single-stage mechanical
dewatering equipment typically achieves insufficient moisture reduction and requires costly thermal post-
treatment. The proposed technological line resolves these limitations by dividing the dewatering process into
four sequential stages, each employing a dedicated unit of equipment with progressively increasing vibroimpact
loading intensity applied to the wet dispersed material. At the first stage, preliminary dewatering is performed
on a hydraulic impulse vibroimpact screen, reducing concentrate moisture content to 85%. The screen
incorporates a rubber-fabric conveyor belt with riveted U-shaped steel plates, fine filter mesh, and four HID
hydraulic cylinders that impart high-frequency vertical oscillations to the belt, forcing liquid through the mesh
and holes. At the second stage, the concentrate undergoes further dewatering in a screw press to a moisture
content of 75%; the expelled filtrate is collected for subsequent microfiltration. At the third stage, an inertial
vibroimpact press-hammer (IVPM) with HID applies simultaneous static, inertial, and vibroimpact loading from
above and below, reducing moisture content to 70%. The fourth and final stage employs a roll press with HID,
where the concentrate passes in a thin layer between driven and passive rolls subjected to combined static and
vibroimpact compression, achieving a final moisture content of approximately 25% without thermal treatment.
The filtrate from each stage is directed to microfiltration, ultrafiltration, and nanofiltration installations equipped
with HID. The structural designs of all four units of equipment are described in detail. Six principal design
requirements for the equipment complex are formulated, covering multi-stage organisation, progressive loading
intensification, stepless HID parameter adjustment, use of proven machine bases, vibration isolation, noise
control, sensor-based monitoring, and computer-aided remote control of the process.

Keywords: hydraulic impulse drive, multi-stage vibroimpact dewatering, wet dispersed materials, food
production waste, screw press, roll press, inertial vibroimpact press-hammer, moisture content, microfiltration.
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1. Problem formulation

Dewatering of wet dispersed materials generated during food production is an important technological
process that significantly affects energy consumption, transportation efficiency, storage conditions, and the
possibility of further utilisation of food industry waste. Conventional mechanical dewatering methods based
on screw and roll presses often provide insufficient moisture reduction and require additional thermal drying,
which increases operational costs and energy demand [1].

Wet dispersed materials are characterised by complex rheological and filtration properties that
continuously change during compression and liquid removal. As the material structure becomes denser,
filtration resistance increases and the efficiency of static pressing decreases. Under such conditions, the
application of vibroimpact and hydraulic impulse loading is considered a promising method for intensifying
moisture removal processes and improving dewatering efficiency.

Modern research confirms that multi-stage dewatering with progressively increasing vibroimpact
loading intensity allows significant reduction of residual moisture content without thermal treatment. However,
the development of integrated technological systems and hydraulic impulse equipment for multi-stage
vibroimpact dewatering remains insufficiently investigated. Therefore, the development of efficient hydraulic
impulse equipment for dewatering wet dispersed materials is an important scientific and practical task [3].

2. Analysis of recent research and publications

A growing body of research confirms the high efficiency of vibroimpact and impulse-based methods
for dewatering of wet dispersed materials. Li et al. [3] demonstrated that dynamic loading significantly reduces
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residual moisture in food by-products compared to static pressing alone. Mocnak et al. [4] reviewed mechanical
separation technologies for food industry waste and highlighted the advantages of combined compression-
vibration systems. Selvam et al. [5] investigated screw press performance for vegetable pomace dewatering
and reported the strong dependence of exit moisture on applied pressure and speed. Toscano et al. [6]
confirmed that multi-pass pressing at incrementally higher pressures improves overall separation yield.
Krokida and Maroulis [7] provided a systematic comparison of drying and mechanical dewatering efficiency
for food materials. Sevostianov [1] established the theoretical and experimental basis for hydraulic impulse
drive technology and demonstrated its advantages for vibroimpact dewatering of food production waste.
Slabkyi et al. [8] developed and tested a two-component vibroimpact dewatering installation, reporting
moisture reduction to 28-30%. Ochoa-Martinez et al. [9] studied the effect of pressure pulse frequency on
solid-liquid separation in filter presses. Barba et al. [10] reviewed emerging non-thermal technologies for
liquid-food processing and noted the potential of pulsed mechanical forces. It has been established that
progressive, multi-stage application of vibroimpact loading with increasing intensity at each stage is the most
effective strategy for achieving the lowest possible final moisture contents [1, 2, 11].

3. The purpose of the article

The objective of the present work is to develop and describe a multi-stage technology and the
corresponding hydraulic impulse equipment for vibroimpact dewatering of wet dispersed food production
waste, to define the structural design of each equipment unit, and to formulate the principal design
requirements for the complete technological complex.

4. Results and discussion

The proposed general sequence of phase-separation processes for wet dispersed materials is presented
in Figure 1 and comprises four sequential dewatering stages with progressively increasing loading intensity
[1, 2].
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Second pre-dewatering
in a screw press

Third preliminary dehydration
on a vibropress with GIP

K70%
4 A 2 A

Final dehydration on a 4] Microfiltration in a
roller press with GIP GIP installation

K25%

Ultrafiltration in a GIP unit

Nanofiltration in a GIP plant

E

E

&

Ll

4

Fig. 1. General sequence of technological processes for phase separation of wet dispersed materials

Figure 1 presents the general sequence of implementation of the considered technological processes [5].

1. First preliminary dewatering on a hydraulic impulse (HID) vibroimpact screen — concentrate
moisture content reduced to Ki = 85%j;

2. Second preliminary dewatering on a screw press — concentrate moisture content reduced to K. =
75%;

3. Third preliminary dewatering on a vibroimpact press with HID — concentrate moisture content
reduced to Ks = 70%;

4. Final dewatering on a roll press with HID — final concentrate moisture content Ka = 25%.
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The filtrate collected at each stage is directed to subsequent microfiltration, ultrafiltration, and
nanofiltration stages using HID-based installations [12, 13].

The hydraulic impulse vibroimpact screen (Figure 2) is employed at the first preliminary dewatering
stage [14]. It comprises a load-bearing conveyor belt passing around supporting and drive rollers. The receiving
pan is mounted on the frame beneath the upper run of the belt, which is inclined at an angle of 10-20° to the
horizontal. The belt is fabricated on a rubber-fabric base to which steel U-shaped plates of 30-50 mm width
are fastened by rivets. Fine through-holes covered with filter mesh are provided in each plate and in the rubber-
fabric base. Four HID hydraulic cylinders are mounted vertically on the frame; their piston rods are connected
in pairs via articulated joints to two crossbeams supporting the upper run of the belt. Fans for belt drying and
a brush for filter mesh cleaning are also mounted on the frame. Additional belt conveyors are installed on both
sides beneath the lower belt run for discharge of the solid phase.

During operation, the wet dispersed material is loaded into the hopper and discharged uniformly onto
the moving upper belt run. The HID pistons perform vertical reciprocating motions, imparting vibrations via
the crossbeams. The liquid phase passes intensively through the filter mesh and the holes in the belt, collecting
in the receiving pan. The solid phase is retained by the mesh and discharged onto the lateral conveyors [15].
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Fig. 2. Structural diagram of a hydropulse vibrating screen for preliminary flow dehydration of wet
dispersed materials

Figure 2 shows a diagram of a hydropulse vibro-impact sieve [16] used at the stage of the first
preliminary dehydration of the material (see Figure 1). The sieve (see Figure 2) contains a carrier conveyor
belt 4, which passes around the supporting rollers 5, 8 and the driving roller 19, which is connected to the shaft
of the electric motor 20. The receiving tank 14 is mounted on the frame 9 under the upper branch of the belt 4,
which, in turn, is located at an angle of 10...20° to the horizontal surface. The belt 4 is made on a rubber-fabric
base 22, to which steel U-shaped plates 21 with a width of 30...50 mm are attached by rivets 17. Each plate
and rubber-fabric base has through-hole small holes 15, closed by a filter mesh 13. The rivets 17 of the belt 4
have conical heads 12 at the bottom, which enter the holes on the surface of the driving roller 19 to ensure its
necessary traction capacity [16]. The hopper 1 for the material to be dewatered is installed above the belt 4.
Four hydraulic cylinders 2 of the GIP are also vertically fixed on the frame 9, in the rod cavities of which
springs 16 are installed. In this case, the rods of the hydraulic cylinders 2 are connected in pairs by means of
hinges 3 with two crossbars 11, on which the upper branch of the belt 4 rests. On the side of the vertical branch
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of the belt, on the frame 9, fans 7 are installed for its blowing and drying, as well as a brush 6 for cleaning the
filter mesh. On both sides of the belt 4, under its lower branch, additional belt conveyors 10, 18 are installed
for removing the solid phase of materials.

The complex for second and third preliminary dewatering (Figure 3) is based on a screw press and an
inertial vibroimpact press-hammer (IVPM), such as the IVPM-16 model [16]. The concentrate is fed through
an inlet nozzle into the screw press cylinder. During compression, the expelled filtrate drains through fine
filter-mesh-covered holes into the outer cylinder and is directed to microfiltration. The dewatered concentrate
passes through a flexible hose into the mould of the IVPM [16].

Once the mould is filled, the screw press is stopped and the IVPM drives are activated. The vibrating
table, linked to the HID cylinder, performs vertical reciprocating motions, applying vibroimpact loading from
below. From above, the concentrate is loaded by the inertial force of the punch and moving traverse with inertia
weights, together with static force from the auxiliary hydraulic cylinder. The expelled liquid is discharged
through filter mesh-covered holes in the mould, collected in a trough, and directed to a collection tank for
subsequent microfiltration. After dewatering to the specified moisture content, the HID is deactivated, the
traverse is raised, and the mould is refilled for the next cycle [1, 16].
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Fig. 3. Structural diagram of a technological complex based on a screw press and a vibropress with GIP
for preliminary dehydration of wet dispersed materials

Next, Figure 3 shows a diagram of the complex for the second and third dehydration of wet dispersed
material (see Figure 1). The complex can be created on the basis of a screw press [4] and an IVPM, for example,
the IVPM-16 model [6]. The concentrate flow is fed through the pipe 12 into the cylinder 10 (see Figure 3) of
the screw press, which is driven by an electric motor 13 through a gearbox 14. During the movement and
compression of the concentrate in the cylinder 10, the filtrate removed from it flows through small holes in the
cylinder 10, closed from the inside by a filter mesh, into the outer cylinder 11, from where it goes to
microfiltration. The dehydrated concentrate through the pipe 16 and the rubber-fabric sleeve 17 enters the
IVPM mold 26, after which the screw press stops. The main and auxiliary drives of the IVPM are turned on,
the vibrating table 18 of which, connected to the hydraulic cylinder 25 of the GIP, performs reciprocating
vertical movements, creating a vibration-shock load on a portion of materials from below. From above, the
concentrate in the mold 26 is loaded with inertial force created by the punch 4, the movable crosshar 9 with
inertial loads 8, as well as the static force provided by the auxiliary hydraulic cylinder 1 [6]. The liquid
squeezed out as a result of this is discharged through the holes of the mold 26 closed by a filter mesh (not
shown in the diagram), flows into the chute 19 around the vibrating table, and then through the elastic tube 20
into the tank 21, from which it goes to microfiltration [5]. After dewatering portion 23 to a given final moisture
content (see Figure 1), the GIP is turned off, and the traverse 9 with the punch 4 are raised up to the traverse
stop in the limiter 7. At the same time, the damper 5, which covers the pipe 6 during dehydration, is also raised.
The screw press is turned on, which ensures the squeezing of the dehydrated portion through the pipe 6 onto
the conveyor 22 and filling the mold 26 with the next portion of material. Then the screw press is turned off,
the traverse 8 is lowered and the GIP is turned on; the dehydration cycle of the wet dispersed material on the
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IVPM is repeated. From the conveyor 22, the concentrate dehydrated on the IVPM is fed to the roller press
with the GIP (Figure 4) for final dehydration [7].

For final dewatering, a roll press with HID (Figure 4) is employed [16]. The concentrate passes through
the gap between the driven and passive rolls, which rotate slowly. The passive roll is periodically pressed
towards the driven roll at a defined frequency and amplitude controlled by the HID settings. These loads are
transmitted through a yoke as the working fluid pressure in the HID cylinder piston cavity increases and the
cylinder body is displaced relative to the stationary piston and rod. During pressure reduction phases, the
cylinder body and passive roll return to their initial position under the action of a compressed spring in the rod
cavity. As a result, the concentrate is drawn into the roll gap and subjected to combined static and vibroimpact
loading [1].

Liquid expelled from the concentrate passes through fine filter-mesh-covered holes in the rolls and is
directed to a microfiltration installation. The dewatered concentrate is scraped from the roll surfaces by knives
pressed against the rolls by weights, and is discharged onto a belt conveyor. Since the IVPM with HID operates
in batch mode, a sufficiently large buffer hopper between the IVPM and the roll press is recommended to
ensure reliable rhythmic operation of the complete complex [1, 11].

Fig. 4. Structural diagram of a roller press with GIP for final dehydration of wet dispersed materials

In a roller press [16], the concentrate passes into the gap between the driving 10 and driven 9 rollers,
which rotate slowly. In addition, the roller 9 is periodically pressed against the roller 10 with a given frequency
and amplitude, which are determined by the settings of the hydraulic press. The specified loads are transmitted
through the fork 4, with an increase in the pressure of the working fluid in the piston cavity of the hydraulic
cylinder 3 of the hydraulic press and the displacement of its housing relative to the stationary piston with the
rod to the right according to the diagram. At the stages of pressure drop in the hydraulic system of the hydraulic
press, the housing 3, and with it the roller 9 under the action of a compressed spring in the rod cavity of the
hydraulic cylinder, return to the original left position. As a result, the concentrate of materials is drawn into
the gap between the rollers where it is subjected to static and vibration-shock loading. The liquid squeezed out
of the concentrate passes through small holes in the rollers, closed with a metal filter mesh. Then from the
cavities of the rollers it flows through the tubes into the collection container and is pumped to the hydropulse
installation for microfiltration. The squeezed concentrate is cut from the surfaces of the rollers by knives 5, 7
of the appropriate width, which are pressed against the rollers by means of weights 8. The concentrate separated
in this way is discharged onto the belt conveyor 6, on which it is transported to the container.

Based on the process and equipment configurations described above, the following principal design
requirements for hydraulic impulse equipment for vibroimpact dewatering of wet dispersed materials have
been formulated [1, 2]:

1. The complete sequence of vibroimpact dewatering processes shall be divided into several stages,
with a separate unit of equipment employed at each stage.
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2. As dewatering progresses from the first to the final stage, the volume of separated liquid decreases
due to reduction in free liquid content. Accordingly, the intensity of vibroimpact loading shall be progressively
increased and the thickness of the material layer decreased, to maintain sufficiently high process efficiency.

3. The HID shall provide stepless, independent, and precise adjustment of the principal loading
parameters (pressure in the HID cylinder cavity, oscillation frequency and amplitude of the executive
elements), as well as stable maintenance of their set values after adjustment.

4. The equipment of the technological complex shall preferably be developed on the basis of known
static, vibratory, and vibroimpact machines: screw and roll presses, vibratory screens with unbalanced drives,
and inertial vibroimpact press-hammers (IVPM) with HID.

5. Equipment components that are sources of elevated noise shall be enclosed in sound-absorbing
covers. Reliable vibration isolation of the machine frames, as well as a computer-based remote control and
monitoring system, are mandatory.

6. The equipment shall be fitted with a sensor system for monitoring the principal process loading
parameters and for diagnosing its technical condition.

5. Conclusion

1. A multi-stage technology for vibroimpact dewatering of wet dispersed food production waste has
been developed, comprising four sequential stages with progressively increasing loading intensity, enabling
reduction of the final concentrate moisture content to approximately 25% without thermal post-treatment.

2. The developed hydraulic impulse equipment provides progressive multi-stage dewatering of wet
dispersed materials with gradual intensification of vibroimpact loading at each technological stage. The
proposed structural solutions for the HID vibroimpact screen, screw press and IVPM complex, and roll press
with HID ensure effective moisture removal, reduction of specific energy consumption, and improvement of
the overall efficiency of the dewatering process.

3. Six principal design requirements for the equipment complex have been formulated, encompassing
multi-stage organisation, progressive loading intensification, stepless HID parameter adjustment, use of proven
machine bases, vibration isolation, noise control, and sensor-based condition monitoring.
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BATATOCTAIIMHE BIGPOY JAPHE 3HEBOJJHEHHSI BOJIOI'MX JUCIEPCHUX
MATEPIAJIIB 13 3BACTOCYBAHHSAM I'l IPOIMITYJIBCHOI'O OBJIA/THAHHA
Y ecmammi npedcmaeneno komniekcHy 6azamocmynenegy mexHouoz2ito ma opucinaibhe 2iopasiiuHo-
imnynocre oonaonanus (I'10) 0ns 8iOPOYOapHO20 3HEBOOHEHHS 80JI02UX OUCNEPLOBAHUX 8I0X00I8 XAPUOBO20
supobnuymea. Tpaduyitine oonocmynenege Mexamiune 3HEBOOHIOBANbHE OONAOHAHHA 3A36UHAll 00CA2AE
HEOOCMAamHb020 3HUJCEHHS B0]I020CMI Ma UMA2AE 00po2oi mepMiuHoi 0006podKU. 3anponoHosana
MEeXHON02IYHA NIHIA YCY8aAe Yi 0OMeHceHHs, PO30LIAIYU NPOYeC 3HEGOOHEHHS HA YOMUPU NOCTIO06HI emant,
KOJICEH 3 AKUX UKOPUCTNOBYE CNeyianizoeanuti 610K 00IA0HAHHS 3 HOCMYNOBO 3POCMAIOY0I0 IHIMEHCUBHICIIO
8iOPOYOAPHO20 HABAHMAIICEHHS, WO NPUKIAOAEMbCS 00 80102020 OUChep208ano2o mamepiany. Ha nepuiomy
emani nonepeoHe 3HeB0OHEHHS NPOBOOUMbCA HA 2i0PAGIIYHO-IMIYIbCHOMY IOPOYOApHOMY 2poXomi, wo
SHUdICYE 8Micm gonozu 8 KoHyenmpami 00 85%. [poxom exniouae 2ymMOmMKAHUHHY KOHBEEPHY CMPIUKY i3
saxnenxkamu U-nodibnux cmanegux niacmut, Opiony @inbmpysanvHy cimky ma 4omupu 2i0pagniuni yuninopu
I'lO, saxi nadaromv cmpivyi UCOKOUACTIOMHI 6EPMUKANbHI KOTUBANHS, NPOUWMOBXYIOUU PIOUHY uepe3 CimKy
ma omeopu. Ha opyeomy emani Konyenmpam nio0acmucs n00aIbUOM) 3HeB00HEHHIO ) WHEKOBOMY npeci 00
emicmy 6onocu 75%, ginempam, wo euxooumsv, 30upacmuvcs 015 nodanvuioi mikpoginempayii. Ha mpemwvomy
emani inepyinuil 8iopoyoapruii npec-monom (IBIIM) 3 I'PI 3acmocosye o0nouacke cmamuyre, inepyiiine ma
8iOpoyOapHe HABAHMAdICEHHS 36epXy MA 3HU3Y, 3MeHuyIouu emicm gono2u 0o 70%. Yemeepmuii i ocmanHiil
eman sukopucmogye eankosui npec 3 I'PI, Oe konyenmpam npoxooums moHKUM WAPOM MidH 6e0eHUMU Ma
NACUBHUMU  8ANKAMU, WO NIOOAIOMbCS KOMOIHOBAHOMY CMAMUYHOMY MA GiOPOYOApHOMY CMUCKAHHIO,
docsieaiouu Kinyesoi eonococmi npubauzno 25% 6e3 mepmiunoi 006podxu. Dinbmpam 3 KONCHO20 emany
CHPAMOBYEMBCS HA YCMAHOBKU MiKpoginempayii, yrempaghinempayii ma nanoghinempayii, ocnaweni 1'PI.
Hemanvno onucano KOHCMpPYKMUGHI pilieHHsl 6Cix Yomupbox 00unuyb ooraouanus. Chopmynvosano wicms
OCHOBHUX BUMO2 00 NPOEKMYBAHHS KOMNILEKCY 0ONAOHANHS, WO OXONII0I0Mb 6a2amocmyneHnegy opeanizayiio,
nocmynosgy — iHmeHcugikayilo - Haganmasgicenus, OecmyniHuacme  pecyniosanusi napamvempie 1Pl
BUKOPUCTHAHHA NePesipeHux MAWUHHUX 643, 6i0poI301ayilo, KOHMPOLL WYMY, MOHIMOPUHZ HA OCHOBI
damuuxie ma oucmanyitine KepyeanHs npoyecom 3a 00NOMo200 KOMN ' tomepa.
Knwuogi cnosa: ciopoimnynvcnuii npugio, 6acamocmaoditine 6i6poyoapne 3He80OHEHHSl, B0N02I
oucnepcHi mamepianu, 8i0X00U Xap4osux suUpoOHUYME, WHEeKO08Ul npec, 8aiblybOBULL Npec, 80J102ICb.
Puc. 4. JTim. 16.
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