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Summary. New methods of manufacturing U-shaped screw transport and technological working
bodies (STTWBs) are considered in this paper, in particular, by stamping and winding a sheet with U -shaped
indentations on a frame using a wedge; a solid forming shaft and a forming shaft with U-shaped indentations;
execution of U-shaped indentations on the pipe blank; winding STTWBs U-shaped profile using rectangular
blanks. The main factors that affect the technological design of U-shaped STTWBs and the requirements for
them are found. The most suitable structural materials for manufacturing U-shaped STTWBs, the related
materials (lubricants), and press equipment are proposed. The technological features of the design
parameters of STTWBs made in different ways are also determined.
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technological working bodies, U-shaped, screw workpiece.
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Problem statement. The creation of new methods of manufacturing parts
and mechanisms and, in particular, screw transport and technological working
bodies (STTWBSs) is indispensable condition of effective development of the domestic
economy. In general, according to various estimates, the specific weight of STTWBs
in loading and unloading operations in various industries is 40%, and in agriculture
they also occupy a prominent place as a technological toolkit. Therefore, the development
of new progressive methods of manufacturing STTWBs is an urgent issue, which
many researchers pay attention to. Therefore, despite the significant number of conducted
and publicized scientific studies devoted to the methods of manufacturing screw blanks,
the level of technological support for the production of STTWBs does not fully meet
modern requirements in terms of target orientation and material and energy intensity. The
high requirements for the structural and technological parameters of STTWBs, compliance
with their purpose, quality, reliability and durability require an in-depth analysis of
the existing methods of their technological design and the search for new ones with a
high degree of purpose and quality characteristics of both the manufacturing processes and
the STTWBs structures themselves.

Analysis of recent research and publications. The issue of the peculiarities of
technological design and research into the processes of manufacturing screw spirals is widely
covered in the works of B. M. Hevko [3, 12], M. I. Pylypets [3, 9, 19, 24], R. M. Rohatynskyi
[11, 22], V. V. Vasylkiv [1-3, 9, 24], O. L. Liashuk [7, 8, 12, 19, 23], A. E. Diachun [7, 8, 11,
16, 19, 23] and other domestic and foreign sources [4-6, 17, 18, 20, 21]. In general, attention
was focused on the specifics of obtaining screw blanks by various methods, such as winding,
rolling, stamping, etc. The manufacturability of STTWB constructions is ensured, as well as the
process of their production, reducing energy and material costs, designing technological tools
for the production of screw blanks, etc.

The objective of this paper is technological design of screw U-shaped transport and
technological working bodies.
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Peculiarities of technological design of U-shaped screw transport and technological working bodies

Implementation of work. Currently, screw working bodies are widely used not
only for the main purpose of transporting goods, but also as technological working
bodies in performing various operations, such as feeding, mixing, calibration, dosing,
injection, grinding, etc. [20]. In particular, in agricultural production, they are widely
used as transverse transport and cleaning means for moving and cleaning from the
ground, piles and unnecessary remains of root crops. In particular, in order to increase
the cleaning capabilities of root vegetables, vegetables and fruits, STTWBs are made
with an eccentric displacement of the axes of rotation, an elliptical-conical or stepped
shape, etc.

In order to improve the functional capabilities of such STTWBs, the authors have
developed a number of methods of manufacturing U-shaped screw blanks, for which
Ukrainian patents have been obtained for a useful model [13-15]. Let's consider them in
more details. In Fig. 1, the scheme of manufacturing knickknacks on a screw workpiece is
shown; in Fig. 2 — Fig. 4, the schemes of winding the screw blanks when using various
forming tools are shown. In particular, Fig. 2 shows the method of winding a sheet with
U-shaped folds onto a frame, which is performed by bending a sheet with U-shaped folds
using a wedge. The methods of winding a sheet with U-shaped bends on the frame using a
continuous forming shaft (Fig. 3) and a forming shaft with U-shaped depressions (Fig.4)
are shown.

The presented methods of manufacturing STTWBs are implemented as follows. In
the first operation (Fig. 1), on the sheet 3 at an appropriate angle to its length, U-shaped
indentations 4 are applied with a punch 1 in the matrix 2 with the required pitch.

In the second operation, winding is carried out on the frame 5 by pre-fixing the
sheet 3 with U-shaped indentations 4 on the frame 5 with screws 6, and fixing the
frame 5 in the drive support 7 and the center 8. Winding the sheet 3 with U-shaped notches
4 on the frame 5 is performed by bending the sheet 3 with U-shaped indentations 4 using
either a wedge 9 (Fig. 3), or a forming shaft 9 (Fig. 4), or a forming shaft with U-shaped
indentations 9 (Fig. 4), on which U-shaped indentations geometrically correspond
to the U-shaped indentations 4 applied to the sheet 3. The width of the sheet 3 is
determined by the required diameter of the screw workpiece, and bending involves
superimposing the adjacent U-shaped indentations 4 on each other, followed by fixing
the edges of the sheet 3 to each other by a known method (for example, welding or
riveting).

s/ // /1

a) b)

Figure 1. Scheme of manufacturing indentations on a screw workpiece:
a) manufacturing of indentations; b) view along A-Ain figure 1 a
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Figure 2. General view of winding a sheet with U-shaped indentations on the frame by bending it with a
wedge: a) scheme of winding; b) view along Bb-b in figure 2 a
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Figure 3. General view of winding a sheet with U-shaped indentations on the frame by bending it with the
help of a solid forming shaft: a) scheme of winding; b) view along B-b in figure 3 a
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ST

b)

Figure 4. General view of winding a sheet with U-shaped indentations on the frame by bending it with the
help of a forming shaft with U-shaped depressions: a) winding scheme; b) view along b-b in figure 4 a

An example of the methods of manufacturing U-shaped STTWBs by: stamping and
winding a sheet with U-shaped indentations on the frame with the help of a wedge, a solid
forming shaft and a forming shaft with U-shaped depressions is shown in Table 1.

Table 1

Example of the methods of manufacturing U-shaped STTWBs

Sheet Pitch of the screw Internal diameter | Thickness of the Height of
Ne | . . of the screw workpiece sheet, U-shaped
width, mm | workpiece, mm . . .
workpiece, mm mm indentations, mm
1 315 70...120 100 08...1.5 5...50
2 472 120...180 150 1.0...2.0 5...70
3 630 170...240 200 1.5...25 5...90

We have also developed other methods of manufacturing U-shaped screw workpieces, for
which applications for Ukrainian patents have been submitted. In particular, Fig. 5 shows the
scheme of manufacturing screw workpieces by making U-shaped indentations on the pipe blank.
Fig. 6 shows a scheme of winding STTWBs U-shaped profile made of rectangular rolled steel.

The method of manufacturing such STTWBs is implemented as follows. In the first
operation, on the frame 1 with a U-shaped spiral protrusion 2, a pipe blank 3 (Fig. 5) or a strip of
rectangular section 3 (Fig. 6) is fixed with screws 4, and then the frame 1 with a U-shaped spiral
protrusion 2 and a pipe blank 3 (Fig. 5) or rectangular section tape 3 (Fig. 6) is fixed in the drive
support 5 and the center 6. In the second operation, the forming roller 7 with a U-shaped indentation
8 is pressed against the pipe blank 3 (Fig. 5) or rectangular tape cross-section 3 (Fig. 6) and winding
on a pipe blank 3 (Fig. 5) or a strip of rectangular cross-section 3 (Fig. 6) of a U-shaped spiral
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protrusion 9 along its entire length by bending with the help of a forming roller 7 with a U-shaped
depression 8, which geometrically corresponds to the U-shaped spiral protrusion 2 of the frame 1.
In order to effectively perform the process, the forming roller 7 with a U-shaped indentation 8 is set
at an appropriate angle, which corresponds to the step of the U-shaped spiral protrusion 2 of the
frame 1. In the third operation, a pipe blank 3 (Fig. 5) or a strip of rectangular section 3 (Fig. 6) with
the frame 1 is removed from the drive support 5 and the center 6. Then, the screws 4 are removed
with twisting the pipe blank 3 (Fig. 5) or the strip of rectangular section 3 (Fig. 6) with U-shaped
spiral protrusions 9 from the U-shaped spiral protrusion 2 of the frame 1.

A

,{;\xa”,,,,,,, ZQ

\

Figure 6. Scheme of manufacturing screw workpieces by winding a U-shaped profile made of a rectangular roll

An example of the method of manufacturing a screw workpiece by making U-shaped
indentations on a pipe blank or winding a spiral of a U-shaped profile made of a rectangular
roll, where the longitudinal feed of the roller clearly corresponds to the pitch of the U-shaped
spiral projection of the frame, is shown in Table 2.

Table 2

Example of the method of manufacturing screw workpieces

Rotational | Longitudinal feed | Pitch of the Frame | Thickness of Height of
. ) . : U-shaped
Ne | frequency of a | of the forming | U-shaped spiral | diameter, | a workpiece, indentations
frame, rpm. roller, mm/rev. |protrusion,mm| mm mm mm ’
1| 0.083...0.15 70...120 70...120 100 0.8...1.5 5...50
2 | 0.125...0.225 120...180 120...180 150 1.0...2.0 5...70
3] 0.166...0.3 170...240 170...240 200 1.5...2.5 5...90
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The main factors that affect the technological design of U-shaped STTWBSs:

- features of the functional purpose, which take into account the properties of the
processed products, and compliance with the performed transport and technological operations
for the transformation and transportation of products (roots, vegetables and fruits);

- specifics of technological processes, application of typification, and constructive
imitation;

- the use of unified and standardized equipment and equipment in the design of
technological processes for the production of U-shaped STTWBS;

- compliance of the materials (their cost and costs) used for the manufacture of
U-shaped STTWBS;

- minimization of production costs and requirements for simplicity and safety of
process execution;

- compliance with aesthetic requirements and ergonomic characteristics.

The important requirements for U-shaped STTWBs:

- compliance with the functional purpose, taking into account the properties of
processed products (roots, vegetables and fruits);

- simplicity and cheapness of construction;

- the durability of the STTWBs structure, its resistance to corrosion and wear.

When designing U-shaped STTWBs, the system of development and delivery of
products for production (DSTU 3278-95, DSTU 3973-2000, DSTU 3974-2000) should be
applied, as well as a single system of design documentation (DSTU GOST 2.601:2006, DSTU
GOST 2.001:2006), which determine the general rules for the development of products and
design documents. In [14], the basic indicators of manufacturability and structural complexity
of manufacturing screw spirals are presented.

The most common structural materials for manufacturing screw profile workpieces are
steel 08 kp DSTU 2834-94, St. 3 DSTU 4651:2005, analogues of this material are steels:
040A10, 1449-1HR, 1HR, 2HR, DCO01, DD13 (England); 1008,1010, A619, A622, G10080,
G10120 (USA); 1.0322,1.0335, DCO01, DC04, DC04G1, DD11, DDB, St12, St 14, St22,
StW24, USt3, USt4 (Germany), 3C, DC01, DC04, DD13, FB8, Fd4, FR8, XC6 (France). Steel
20, 30, 45, 0912C, 08X17T, 12X17, AISI 304, AISI 316 and other analogues can also be used
for the production of screw blanks.

The use of cold-rolling in the form of strips according to DSTU EN 10139:2019, which
regulates standard thicknesses from 0.1 to 10 mm is the most expedient. The sizes we use are
1.5; 2.5; 3.5; 4 mm. Standard strip width is according to DSTU EN 10139:2019: 40, 125, 250,
400, 500, 600 mm. In some cases, 650 mm is allowed. For the production of screw blanks with
U-shaped indentations, it is practical to use strips with a width of 80 and 125 mm. This
assortment is delivered in rolls or measured lengths.

If there is a need to use strips of non-standard sizes, a rolled sheet, which can be cut to
the required width on dies, disk machines or disk rolling mills should be considered. The
recommended thickness of rolled sheet from the standard series: 1.20; 1.30; 1.40; 1.5; 1.6; 1.8;
2.0;2.2; 2.5; 2.8; 3.0; 3.2; 3.5; 3.8; 3.9; 4.0 mm.

Other dimensions and classification of hot-rolled sheet, limit deviations of dimensions and
weight of hot-rolled sheet according to DSTU 8540:2015, hot-rolled thin sheet (up to 4 mm).

To reduce the effort during winding and as a separate technological medium, when
applying U-shaped indentations to a sheet with a punch, it is advisable to use appropriate
lubricants: industrial or silicone, the use of which is regulated by DSTU 4310:2004 or ISO
6743-7:86. The use of lubricants eliminates seizing, burrs, and sticking of parts during
technological operations. Industrial lubricants of brands 1-20, I-20A, 1-40, 1-50 are a relatively
inexpensive solution, but synthetic silicone lubricants with low viscosity have better
permeability. They are fluid and adhere well to the surface. This material can withstand high
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loads and does not react to very low and high temperatures. Recommended brands are PMS-20
and PMS-50. It is most expedient to use aerosol silicone lubricants, since no additional
equipment is required to apply this material. Silicone lubricants have high water resistance and
are difficult to wash off with water and other variations of solvents. In the case of subsequent
application of paint and varnish materials to the screw workpiece, alcohol solutions, acetone
and vinegar must be used to remove silicone.

During preparatory operations for the production of screw blanks, when U-shaped
indentations are applied to the sheet, it is advisable to use appropriate press equipment. Depending
on the thickness of the initial workpiece, you can use crank presses of the K2116B, KD2124,
KD2128, KD2130 type; eccentric and crank electromechanical PE-16, K2118B; automatic presses
ESSA PLA-15, AB 6224; hydraulic P6328B, HDT 100, YL41-100, AR 1520/100.

The production technology of STTWBs significantly affects their design parameters and
technical and economic indicators. It provides for the production of spirals by various methods,
which include stamping with simultaneous or subsequent expansion of the coil and welding
into a spiral, rolling of strip blanks on special rolling mills, or winding them on an edge, making
U-shaped indentations on a sheet by stamping with subsequent winding on a frame, making
U-shaped indentations on a pipe blank, winding a U-shaped profile on a flat billet, etc. There
are also other methods of manufacturing STTWBs with elastic surfaces, which are not under the
study of this work. In general, the technological features of the design parameters of STTWBs
made of sheet or tape in various ways are presented in Table 3.

Table 3

Technological features of structural parameters of STTWBs produced by various methods

Specific height of a
Coefficient of | wind, (b'=B/H, if B and
Ne Forming method material usage,| H — width (height of a
K wind) and thickness of a
workpiece)
1 2 3 4
1 |Stamping of STTWBs 0.4-05 Unlimited
2 |Rolling of STTWBSs on rectangular workpieces 0.55-0.98 <3
3 [Rolling of STTWBs on trapezoidal workpieces 0.55-0.98 <3.5
4 |Rolling of STTWBs on rolls 0.55-0.98 <1.5
5 Winding of STTWBs_ along the internal end profile 0.9-1.0 2 16
on rectangular workpieces
5 Wmdln_g of STTWBs on the internal end profile on 0.9-10 5 91
trapezoidal workpieces
7 Winding of STTWBs on the internal end profile on 0.9-10 0.8-3
a round roll
8 Winding c_)f STT_\NBs of workpieces with a cutout 0.85-0.95 1530
along the inner diameter
9 Winding STTWB§ along the outer end profile on 0.9-10 .19
rectangular workpieces
10 Winding of STTWBs on the outer end profile on a 0.9-10 0.8-34
round roll
11 Winding of STTWBs r_nade of workpieces with a 05-0.9 1530
cutout along the outer diameter
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The end of the table

1 2 3 4

12 Fabrication pf STTWBS by stamping and winding 10 6.25.36
a U-shaped indentations on a sheet frame

13 Fabrication of ST_TWBs by making U-shaped 10 6.25-36
bends on the pipe billet

1 \é}/;zﬁ;ng STTWBs U-shaped profile on rectangular 10 6.25.36

It is recommended to work out the construction of STTWBs for manufacturability
in the following order. At the beginning, source materials are selected and analyzed.
Then specify the volume of output, type and nature of production. Then, the indicators
of the manufacturability of the designed STTWBs and the cost of its manufacture
are analyzed, and measures to improve them are developed. It can be predicted that
the U-shaped STTWBs manufactured by the proposed methods will have higher
quality, operational reliability and durability compared to the previously known
ones.

Conclusions. Based on the conducted research, the conclusions can be drawn:

1. New methods of manufacturing U-shaped STTWBs are proposed, in particular,
stamping and winding on the frame of a sheet with U-shaped indentations with the help of a
wedge, a solid forming shaft and a forming shaft with U-shaped indentations; execution of
U-shaped indentations on the pipe blank; winding STTWBs U-shaped profile on rectangular
blanks.

2. The main factors that affect the technological design of U-shaped STTWBs and the
requirements related to them are found.

3. Structural materials for the manufacture of U-shaped STTWBs, related materials
(lubricants) and press equipment are defined and characterized.

4. The technological features of the design parameters of STTWBs made in different
ways are determined.
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Ivan Hevko, Andriy Pik, Roman Komar, Oleh Stibaylo, Serhiy Koval’

YK 621.82

OCOBJIMBOCTI TEXHOJIOTTYHOI'O ITPOEKTYBAHHSA
U-NIOAIBHUX 'BUHTOBUX TPAHCIIOPTHO-TEXHOJIOI'TYHUX
POBOYUX OPI'AHIB

IBan I'eBko; Anapiii Ilik; Poman Komap; OJger Crioaiino; Cepriii KoBaanb

Teproninbcokutl HayioHalbHUU MexXHIYHUU yHigepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pestome. 'sunmosi mpancnopmmuo-mexuonoiyti poooui opeanu (I'TTPO) y cinbcbko2ocnooapcbKomy
BUPOOHUYMEBI BUKOPUCTHOBYIOMbCA 8 AKOCMI NONepeuHux MmpaHCnOPMHO-OYUCHUX 3ac00i8 Ol nepemiujerHs U
OouUUeHHs 8I0 3eMli, 80POXY Ma HeNnOMpPIOHUX pewmoK KopeneOynbbonnoodie, osouie ma pyxkmis. 3 memoro
nokpawjenus mexnonozii eueomosnenns yux I'TTPO 3anpononosano Hogi cnocobu eucomoeierts U-nodibnux
I'TTPO wiisixom: wimamny8antsam i HA8USAHHsAM Ha onpagy aucma 3 U-nodibnumu 6MUHAHHAMU 3 OONOMO2010
KIUHA, CYYIIbHO20 opMYSaIbHo20 8Ana ma Gopmysanrvhoeo eana 3 U-nodibnumu 6naounamu, 6UKOHAHHS HA
mpy6Huitl 3acomosyi U-nodionux emunans, nasusanus I'TTPO U-nodi6nozo npoghinio 3 npamMoKymHUX 3a20Mmo6ok.
Bcemanoeneno, wo ocnosnumu paxkmopamu, siki snausaioms Ha mexnoaociune npoekmysanus U-noodionux I'TTPO,
€ maki: 0cobnugocmi QYHKYIOHANIbHO20 NPUSHAYEHHS, WO 6PAX08YIOMb GIACTNUBOCMI NEPemE8OPIO8AHUX
npoOyKkmig, i GIONOBIOHICMb BUKOHYBAHUM MPAHCNOPMHO-MEXHONIOIYHUX Onepayiaim 3 nepemeopeHHs U
MPAHCNOPMYBAHHS NPOOYKMI6 (KopeHeby1b00n100i8, 0804i8 Ma PyKmMis), BUKOPUCHAHH CIAHOAPMUZ08AHO20
OCHAaujeHHs ma O0OAAOHAHHA NPU NPOEKMYBAHHI MeXHONo2IuHUX npoyecie sucomosienna U-nooionux I'TTPO;
8ionosionicms mamepianie (ix eapmicms i eumpamu), AKi 3aCmMocog8yiomsbca 011 eucomosients U-nooibHux
I'TTPO; minimizayis cobisapmocmi 6UcOMOGIEHHA MA 6UMO2U 00 NPOCMOMU Ma Oe3neyHOCmi BUKOHAHHS
npoyecy; 8iOnogioHicMb eCemuyHUM UMO2AM i ep2OHOMIYHUM XapaAKMepUCTNUKAM. A 20108HUMU 8UMO2AMU, O
cmasasimocss 00 U-noodionux I'TTPO, € 6i0nogionicmov (DYHKYIOHAbHOMY NPUSHAYEHHIO 3 YPAXYEAHHSM
e1acmusocmell Nepemeopiosanux npooykmie (KopeneOyivboniooie, 06ouie ma @pykmis); npocmoma U
Oeutesusna Koncmpykyii; 0oseosiunicmo konempykyii I'TTPO. B pobomi usnaueno mexHonrociuti ocobiusocmi
KoHcmpykmugnux napamempie I'TTPO, eucomosnenux pisHUMU CHOCOOAMU, AKI CYMmMEBO GNIUBAIOMb HA iX
KOHCIPYKMUBHI napamempu ti mexHiko-eKOHOMIUHI NOKA3HUKU.

Knruosi cnosa. mexnonociunicms, wHeK, cnipanb, cnocio, UeOMOBNIEeHHS, 28UHMOS] MPAHCHOPMHO-
mexHo02iuHi poboui opeanu, U-nodiOnutl, 26UHMO8A 3a20MOBKA.
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