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DEVELOPMENT OF EQUIPMENT FOR IMPLEMENTATION
OF THE COMBINED PROCESS OF JERUSALEM
ARTICHOKE PEELING

D. Dmytrevskyi, D. Horielkov, R. Lazurenko, O. Procenko

Qualitative indicators of raw materials are analyzed. The necessity of
preserving the vitamin and mineral content of Jerusalem artichoke tubers during
processing is proved. The analysis of the basic methods of realization of process of
cleaning of vegetable raw materials is presented; their main advantages and
disadvantages are analyzed. The device for the combined cleaning of Jerusalem
artichoke tubers has been designed. The machine design is described in detail. Main
advantages of using the developed machine are identified.

Keywords: Jerusalem artichoke, combined peeling machine, heat treatment,
mechanical treatment, quality of peeling, percentage of loss of raw materials.

PO3POBKA OBJIAJTHAHHS JIUISI PEAJIIBALII
KOMBIHOBAHOI'O CITOCOBY OYNIIEHHS
BYJIbb TONIHAMBYPA

A.B. ImurtpeBcbkuii, I.B. l'opeaxos, P.C. Jlazypenko, O.1. Ilpouenko

Posgumokx ma 60ockoHaneHuss npoyecy oduweHHs POCAUHHOL CUPOBUHU €
AKMYATbHUM HAYKOBO-MEXHIYHUM 3a80anusam. OOHuM i3 HAUOIIbUl NePCneKmugHUX
HanpamKie inmencugixayii npoyecy odUWeHHs 06804i8 € pO3pPOOKA KOMOIHOBAHUX
npoyecie ix nepepobru. Yoockonanenns npoyecy ouuujenusi 06ynvh 3acHosane Ha
NOECOHAHHI npoyecy nonepeonboi mepmoobpoOKU Moninambypa napoio ma npoyecy
NnoOANbUWO020 MEXAHIYHO20 OoouuujeHns. Jloedeno HeoOXiOHicmb CMBOpeHHs.
001a0HanHA O1A peanizayii KOMOIHO8aH020 npoyecy oyuujenns oeouis. I[Ipogedeno
EeKCNepUMEHMAanbHi  OOCTIONCEeHHsI OISl GUBYEHHs GNIUGY NAPAMEmpI8 Npoyecy
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menio6o0i 06poOKU Ha 3MIHU & nogepXHe8oMY wapi 6yav0. [locniodxiceno enaue mucky
napu ma mpueaiocmi mepmooobpobku 6yneh Ha nubuHy MmepmiuHoi 00poOKU
nogepxneeoco wapy 6ymwd, a makodc eghekmugnicmo 6i00inenns wkipku. Kpiu
Mo2o, BUBYEHO 6NIUE MPUBALOCMI NPOYeCYy MeXAHIUHO20 000UUWeHHs OYIb0 Ha
sakicmo ouuwenns. JJoeedeHo, wo 30inberHa MUCKy napu ma mpusaiocmi npoyecy
mepmiuHoi 06poOKU 3011bUWYI0OMb 2NIUOUHY MePMIUHOI 00POOKU NOBEPXHE8020 Wapy
ma 3MEHWy0ms 3YCUNIA 8IOO0LIeHHs WKIpKU 810 0y1v0. Busnaueno, wjo 36invuuenns
MPUBANOCMi  MEXAHIYHO20 O0OUUUEHHA 30LIbUWYE GIOCOMOK OYUWEeHUX OY1b0
moninambypa, ane 30inbuilye 8mpamu cuposunu. Busnaueno, wjo 3menuenns cuau
8I00iNeHHA WKIPKU Ni0 Yac mepmiuHoi 0OpobKu 0ae 3MO2y 3MEHWUMU MPUBATICTIb
MeXaHiuHo2o Ooouuwents. Busnaueno, wo 3i 30inbWeHHAM 2UOUHU MePMIYHOT
06pOOKU NOBEPXHEB020 WaApy MONIHAMOYPA 36IIbWLYIOMbCA 8MPAMU  CUPOBUHU.
Losedeno, wo 0Oyrvou moninambypa, AKi maromev Oinbwiull mepmin 30epicaHHs,
nompe6yioms  30ibWeHHs  MPUBALOCMI NPOYeCy MEXAHIUHO20 OO00YUWEHHS 3
Memow 3abe3neuenHsi HeoOXIOHOT skocmi ouuwjenHs. Busnaueno payionanvhi
napamempu KOMOIHOBAHO20 NPOYECY OUUWEHHS MONIHAMOYDA, WO 00380I5€ SHAUHO
iHmeHcupiKysamu ma Mexamizysamu npoyec OYUWEHHS, 3MEHWUmMU empamu
CUPOBUHU A NOKPAWUMU AKICIb OUUUEHHSL.

Iposederno ananiz sKiCHUX NOKA3HUKIE cuposunu. J[o6edeHo HeoOXiOHicmb
30epedcents 8IMamMiHH020 Ma MIHEPAIbHO20 CKAady 0yaibh moninamoOypa nio uac
nepepobru. IIpoananizosano OCHOBHI CROCOOU OUUUWEHHS 0604e80i CUPOBUHU, iX
OCHOBHI nepesazu ma HedoniKku. Pospobreno koncmpykyito anapama Ona
KOMOIHO8aH020 —ouuweHHs Oynvd moninambypa. I[lodano OemanvHuii  onuc
Koncmpykyii anapama. Haeedeno ochosni nepesazu 6UKOpUCIMAHHA pO3POOIEHO20
anapama.

Knrwwuosi cnosa: moninambyp, anapam 011 KOMOIHOBAHO2O OYUWEHHS,
meniosa o0bpobra, mexamiuna 006poOKa, AKICMb OHUWEHHS, BIOCOMOK Gmpam
CUPOBUHU.

PA3BPABOTKA OBOPYJOBAHUS AJ151 PEAJIM3ALIUA
KOMBAHUPOBAHHOT'O CIIOCOBA OYUCTKH
KJIYBHEHN TOIIMHAMBYPA

JA.B. ImurpeBckuii, I.B. I'opeaxos, P.C. Jlazypenko, O.U. IIpouenko

Ilposeden  ananus KkauecmeeHHvlx — nokaszameneli  colpvi. [Jokazana
Heo6X00UMOCHb  COXPAHEHUs. SUMAMUHHO20 U MUHEPANIbHO20 COCMA8a KIyOHel
monunambypa npu nepepabomre. IIpuseden ananus 0CHOBHBIX CNOCO608 OUUCMKU
080UIHO20 CbIPbSL, NPOAHAIUIUPOBAHBL UX OCHOGHLLE NPEUMYYECMEA U HeOOCMAMKU.
Paspabomana koncmpykyus annapama O1si KOMOUHUPOBAHHOU OYUCMKU KIYyOHel
monunamoypa. Ilpedcmasneno Oemanvhoe onucanue KOHCMPYKYUU annapamad.
Buisignenvl 0cHogHbIe npeuMyujecmaea Ucnoib308anus paspabomanio2o annapama.

Knrouesvie cnosa: monunambyp, annapam Oasi  KOMOUHUPOBAHHOU
ouucmKu, mennoeas obpabomra, mMexanuyeckasi 06pabomka, Kayecmeo OYUCMKU,
npoyenm nomeps Colpbs.

Statement of the problem. Jerusalem artichoke tubers are a
valuable source of substances useful for the human body. Jerusalem
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artichoke is especially useful for patients with diabetes, because its tubers
contain inulin. High nutritional value of Jerusalem artichoke tubers is due to the
content of functional macronutrients and micronutrients. Jerusalem artichoke
tubers are rich in biologically active substances, vitamins and minerals. It
determines the prospects of its use for therapeutic and dietary purposes [1].

The Jerusalem artichoke has a complex tuber shape. This leads to
significant losses during the peeling process. To ensure maintenance of raw
materials, there is a necessity to make significant changes in the process of
peeling. Exactly the creation of new equipment that will reduce the loss of
raw materials and improve the quality of peeling is a perspective area of
scientific research [2].

Review of the latest research and publications. During a
mechanical method of cleaning of the Jerusalem artichoke, a large number
of cells of the surface layer are destroyed; resulting in many useful
substances on the surface [3; 4].

The method of Jerusalem artichoke peeling is important for the
economy of production, because during processing the raw material waste
can reach 50%. Jerusalem artichoke peeling can be treated by thermal,
chemical and mechanical methods. However, with the use of thermal and
chemical methods for the final skinning post-treatment of vegetables is still
used. Very often brushing and rubber surfaces are cleaned. Peeling is the
most common and easiest mechanical method for Jerusalem artichoke
tubers that causes the change only of anatomical structure of the tuber
without significant change in its chemical composition. The essence of the
mechanical method of peeling is to rub outer layer with rough surfaces,
mainly abrasive. Mechanical peeling of washed, inspected and calibrated
tubers is carried out in purifiers with continuous supply of water for
washing and waste removal. In this method of peeling, the outer cover is
stripped off by rough work surfaces during their separate movement
(slipping). In this case, tubers must be pressed against the rough surface
with a certain effort, so that the particles of this surface are deepened into a
bulb, and at a subsequent, its movement micro-cutting occurred. A large
number of cells of the surface layer destroy during the mechanical method
of Jerusalem artichoke peeling. As a result of which a lot of useful
substances are lost on the surface [3; 4].

Thus, there is a need to create equipment that minimizes the loss of
raw materials and will improve the quality of peeling the surface of tubers
of Jerusalem artichoke.

The objective of the research is to develop a device for the
implementation of a combined process of Jerusalem artichoke peeling, as
well as highlighting the benefits of its use.

Presentation of the research material. Based on the studied
literature and patent research, it has been established that the most
perspective direction for the development of the method of Jerusalem
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artichoke peeling is to use the combined exposure of the processes of pre-
treatment with steam and further mechanical peeling of the product [5].

Presented combination of processes can be realized by using the
proposed design of the device for the Jerusalem artichoke peeling. To
complete the tasks, it is proposed to apply the effect of overpressure steam
and mechanical peeling during the treatment of tubers. The use of
overpressure steam will increase the action of the peeling elements and
eliminate the need for long-term treatment in the temperature environment.
In addition, applying an overpressure steam and feeding it through the
nozzles will sufficiently save energy for heating water and the cost of water
for the process. In order to implement the proposed method, the authors
suggest to use a machine for Jerusalem artichoke peeling (Fig. 1).

Fig. 1. General view of the machine for Jerusalem artichoke peeling: 1 — hole for
unloading; 2 — rotary shaft; 3 — peeling rollers; 4 — processing drum; 5 — loading hopper;
6 — pulleys of a crane gearbox; 7 — drum drive case; 8 — electric motor; 9 — rack;
10 — nozzles for steam supply; 11 — drum support; 12 — electrode steam generator;
13 —door for unloading; 14 — drum auger
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The machine works as follows: raw material is loaded to the
processing drum 4 through the charging hopper 5. The working drum
rotates at a certain frequency. Due to the rotation of the drum, artichoke
tubers are pressed against the drum's working bodies, which are positioned
along the walls. At the same time, the actuating elements, which are peeling
rollers of three different shapes and sizes, act simultaneously on the surface
of the tubers. Due to the fact that rollers are of different shapes and sizes, it
is possible to clean the surface of tubers of various shapes and sizes. The
rollers are covered with special corrugated rubber and rotate around their
axis and around the rotary shaft of the drum 2.

Each roller has a surface with a variable section, which forms ledges
and cavities along the entire length of the working surface. The transition of
each ledge to the cavity and vice versa is executed with a bevel.

Figure 2 shows the scheme of placing artichoke tubers on actuating
elements of the machine.
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Fig. 2. The layout of Jerusalem artichoke tubers placement on the actuating
elements of the machine

This, in turn, contributes to the uniform and qualitative peeling of the
tubers from the skin. The rollers are arranged with a mutual placement of
ledges and cavities on all rollers of the working surface of the drum.

Figure 3 shows the scheme of moving artichoke tubers relative to the
actuating elements of the machine. Due to the rotational motion, the effect
of the peeling rollers on the surface of the tubers increases. The working
drum 4 is actuated by the electric motor 8, which transmits the movement
through the clamping gear 6. Inside the drum, there is a screw 14, which is
necessary for moving the raw material from the loading zone to the
unloading zone. The overpressure steam acts on the surface of Jerusalem
artichoke tubers. The steam is supplied to the working chamber through the
injectors for steaming 10. There is a short-term treatment of the tubers with
steam. The steam passes a large amount of heat only to the surface layer of
the Jerusalem artichoke tubers. In this way, minimization of surface layer
heating and a significant reduction in processing time are achieved. The
minimum duration of heat treatment is also needed to save energy and save
water.
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During the product treatment with the overpressure steam, the
moisture which is contained in the surface intercellular layer of the tuber,
boils. After abrupt release, steam from the processing chamber falls sharply.
Moisture in the surface intercellular layer after a boil, turns into a steam and
breaks skin of the tubers, thereby providing its light separation.

During the simultaneous exposure of the steam and peeling rollers, a
combined effect occurs that allows the couple to accelerate heating of the
surface layer of the tuber. In addition, water jets act on the surface of the
Jerusalem artichoke. Due to the influence of water jets, peeling from the
surface of the tubers is ensured, as well as washing the residue of skin from
the processing chamber.

The peeled tubers are unloaded from the processing chamber through
the door for unloading 13. In this case, the process of pre-peeling, which is
required when using machines with abrasive actuating elements, is
minimized.

Fig. 3. The scheme of Jerusalem artichoke tubers moving relative
to the actuating elements of the machine

Conclusion. Thus, the developed machine allows carrying out the
process of Jerusalem artichoke peeling. At the same time, tubers can have
different shapes and sizes. In general, the process of peeling becomes less
time-consuming due to the fact that there is no need for pre-calibration of
raw materials, and the process of pre-peeling is minimized. In addition, the
use of the device allows you to significantly improve the quality of
artichoke peeling and reduce the loss of raw materials.
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OBIPYHTYBAHHS PEXKUMIB CYIIIHHSI HACIHHS TAPBY3A
HACIHHEBOT O ITPUBHAYEHHS 3 KOHBEKTUBHUM
HNIABEJEHHAM TEIIJIOTH

B.M. Ila3iok

I1io uac cywinna nacinua 2ap6y3a HACIHHEBO20 NPUBHAYUEHHS OCHOGHY Y8az2y
npuoinAlOMb  AKICHUM ~XAPAKMEPUCMUKAM Mamepiany, wo peanameHmyomscs
enepzicio pocmy ma cxodcocmi. [ eupiwenHs Ybo2o0 3a60aHHA NPOGEOeHO
excnepumMeHmanbhi 00CaiONCeHHs: HaA KOHBEKMUBHOMY CYUUTLHOMY CIEHOI 3 Memoio
subopy payionanvHo2o pescumy cywinua. ITi0 uac o00IpyHmyeanHs pedcumie
Cywlinms HAcinHa 2apby3a HACIHHEBO20 NPUSHAYEHHS MAKONC AKMYATbHUM CMAE
NUMAHHA eHepeemUdYHUX 6UMpam Ha npoyec, Wo NOPIBHAHO i3 CYWIHHAM XAPU06020
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