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Summary. The structural synthesis of methods of winding screw spirals using the method of hierarchical
grouping by means of morphological analysis is carried out and a number of alternatives that allowed to create
the improved way of winding screw spirals with rotating plug is obtained. On the basis of the conducted multifactor
experiment the study of torque of the process of screw workpiece calibration per step was performed and the
regression dependence was obtained to determine the influence of winding width, wedge angle and winding
thickness on the torque of the calibration process. It is established that calibration process of the turn of screw
workpiece per step depends on the width, thickness of the spiral and the angle of the wedge of the device. With
increasing inclination of the wedge of the device and the thickness of the winding, for the material steel 08kp, the
torque increases and reaches 79 N m. It is established that the dominant factor influencing the value of torque is
the angle of the wedge of the device, and the least influential is the winding width. The technical and economic
estimation of the method of winding screw spirals with rotating plug is carried out and found that the annual
economic effect, when replacing the basic version of winding screw spirals (winding on the frame) on the design
(winding with rotating plug), when operating equipment in one shift is 16995.79 UAH.
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Statement of the problem. Screw elements are widely used in various types of
machines and mechanisms, and are the main parts of sectional screw conveyors as well.
Therefore, close attention is payed to their development. But despite the significant amount of
studies in the field of their technological production, the complexity and high energy
consumption of their manufacturing processes, as well as increased requirements for quality,
reliability, durability and design and technological parameters of these blanks, forces to search
for new ways to obtain them.

Analysis of available research. Thus, formation of screw elements by pressing with
subsequent formation of winding and welding in a spiral leads to significant material losses
while cutting the rings, as well as low quality of spiral welded from the rings, compared to solid
produced ones. Also, this method of manufacture is characterized by high complexity, waste
production and cost of the process, and is implemented mainly in single and small-scale
production. Rolling spirals is energy and capital consuming and becomes technologically
justified only in mass production [5, 8]. Therefore, the most technological for mass production
is the formation of screw elements from a tape strip by winding. For this reason, the
development of advanced methods of winding screw spirals with a rotating plug is relevant and
contributes to the production of energy-saving high-performance technologies.

Objectives of the research are to amend the technological effectiveness of machine
screw working bodies, improve the technological process and developing high-performance
technological equipment for their manufacture.
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Synthesis and experimental studies of the method of manufacturing screw spirals with a rotating plug with
feasibility study

Statement of the problem. The theory and practice of winding screw spirals (SS)
suggests the main ways of their formation by winding the tape on different types of frames [5,
8, 9]. These methods also involve pressing the tape to these frames with different types of
rollers. However, not so long ago new methods of winding SS with a rotating plug were
proposed and investigated [1-4]. But the disadvantage of these methods was the lack of stability
of SS winding process and, in particular, the problematic fracture of the spiral at the initial stage
of winding [3]. Therefore, we have proposed an improved method of winding the SS with a
rotating plug, which includes the use of additional forming rollers.

Results of the research. The main task of synthesis by morphological analysis [7] is to
obtain SS structures with improved technical and economic characteristics. We used an improved
version of this method of synthesis with a hierarchical grouping [1] of constructive features of the
elements of SS winding process. This method allowed generation of alternatives at the appropriate
hierarchical levels within the individual structural elements, and allowed to obtain a limited
number of rational design solutions. In particular, during the implementation of this synthesis the
main design features and elements used in winding SS are included in Table 1.

Table 1

Morphological table of structural features of the elements of winding screw spirals with rotating plug

Support plug
2. Workpiece 3. Rotating I
1. Frame guides plug 4. Degree of | 5. Presence of forming | 6. Fixation plug
freedom rollers on the surface
1.1.
Smooth 4.1. Movable in .
shaftwith | 21.Roller | 31 Available | theragial | >IIh Follers placed
fastening direction 6.1. Available
unit and movable in
5.2. With rollers radial and axial
1.2. 2.2. Guide placed on the part of directions
Threaded surface with 4.2. Immovable the circle
shaft groove 5.3. With one roller
5.4. Without rollers

The morphological model of the process of winding screw spirals with rotating plug
(Table 1) can be represented in the form of a morphological matrix formed by numerical
designation of the corresponding alternatives placed in the morphological table [7]:

N=K -K,-K,-..K, =T [K, » (1)
j=1

where n is the number of alternatives to the design feature of the elements; Kjis an alternative
to the constructive feature of the element of a certain subgroup of the corresponding hierarchical
level.
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It is clear that when using the classical method, the number of synthesized variants is
excessive for analysis. Therefore, we applied the method of synthesis of hierarchical groups
with their division into subgroups using morphological analysis [1]:

q
N, = Z_ K, )

where z is the hierarchical level; | is the number of hierarchical levels; x is a certain subgroup
of the corresponding hierarchical level; g is the number of subgroups of the corresponding
hierarchical level; Kj is an alternative to the constructive feature of an element of a certain
subgroup of the corresponding hierarchical level; m is the number of alternatives of the
constructive feature of the elements of a certain subgroup of the corresponding hierarchical
level.

To use this method, a model of the mechanical system «Method of winding screw spirals
with a rotating plug» was developed (Fig. 1) and the structural features of the elements were
fixed for certain subgroups and the corresponding hierarchical levels. Therefore, the first
hierarchical level includes the features of process of elements 3, 4 and 6; subgroup | of the
second hierarchical level includes a feature of process of element 1; subgroup Il of the second
hierarchical level includes a feature of process of element 2; subgroup Il of the second
hierarchical level includes a feature of the process of element 5.

I g m
Nwsst| Ny =2 2 [1 K, =10.

z=1 x=1 i=1
I('l) 1(1)34
I(1)41, I(1)42
I(1)61
[(2)

1(2)11, I(2)12

11(2) 11(2)21, 11(2)2,
II1(2)51, I11(2)52, II1(2)55, ITI(2)54

Figure 1. Model of mechanical system «Method of winding screw spirals with rotating plug»:
(1), (2) — corresponding hierarchical levels; | — 11 — subgroups of hierarchical level

The number of generated alternatives when using this method will be 3.2 times less than
the number of generated alternatives when using the traditional method:

41
41 11 [21] la2
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Using the results of morphological synthesis, improved, in comparison with the
previously developed [1-4], variants of methods of winding screw spirals with a rotating plug
with the use of additional forming rollers were generated (Fig. 2). They differ only in the
presence and number of arranged forming rollers in a circle.

b)

Figure 2. Schemes of winding screws spirals with rotating plug:
a) — constructive scheme of winding screw spirals; b) — view of the support roller plug

The analysis of researches of winding screws spirals with a rotating plug is presented
in [3]. After winding the screws spirals with a rotating plug in a tight package, it is necessary to
calibrate them to the step described in [1]. Experimental studies to determine the torque of the
calibration process of the turn of a screw workpiece per step were performed for workpieces made
of materials: steel 08 kp (= 276 MPa, P = 483 MPa) and St 3 (= 368 MPa, P = 526 MPa). Based
on a multifactor experiment to study the torque of calibration process of the winding of the screw
workpiece per step, obtained a regression dependence to determine the effect of the winding width
Bo, the angle of the wedge « and the winding thickness Ho on the torque of the calibration process:

M | =-18,21+1,270 +0,066B,H, - 0,37a” +0,21H, + 0,81H’ 3)

xp(By,a,Hg

After checking the adequacy of the approximating models and assessing the significance
of the coefficients of the regression equation according to Fisher's and Student's criteria, the
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response surface (Fig. 3) is constructed within the variable input factors: winding width
20 < Bo <50 (mm), wedge angle 10 < a < 30 (degrees) and winding thickness 2 < Ho <6 (mm).
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Figure 3. Response surface (a, ¢, €) and two-dimensional cross-section of the response surface (b, d, ) torque
M g+ )dependence for the process of calibration of the turn of the screw workpiece in steps of:
0+ 10

a), b) o and By at Ho=4 mm; c), d) Ho and By at & = 20 degrees; €), €) Ho and « at Bo = 35 mm
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Fugure 4. Response surface (a) and two-dimensional cross-section of the response surface (b) of the torque

M o (50.) dependence for the process of calibration of the turn of the screw workpiece per step (Ho=4 mm)
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Figure 5. Response surface (a) and two-dimensional cross-section of the response surface (b) of the torque

M dependence for the process of calibration of the turn of the screw workpiece per step (& = 20 degrees)
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Figure 6. Response surface (a) and two-dimensional cross-section of the response surface (b) of the torque
M kp(ar,Hy) dependence for the calibration process of the turn of the screw workpiece per step ( Bo =35 mm)
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Due to graphical dependences of Fig. 3, the calibration process of the screw
piece winding by one step depends on width, thickness of the spiral and the inclination angle
of the wedge of the device. When the angle of the wedge « of the device and the winding
thickness winding Ho increase, for the steel 08 kp the torque grows and reaches 79 Nm. From
the analysis of graphical dependences it is stated that the dominating factor that influences on
the value of M . is the angle of the wedge « of the device and the least influential is the spiral

width Bo.

To determine the economic efficiency of the proposed method of winding screw
spirals, technical and economic comparison of the processes of winding screw spirals
with rotating plug (design version) and on the frame (basic version). Thus as the
basic model of the machine on which calculation of winding cost will be carried
out, the machine of model 16E16KP is selected. To ensure the winding process,
special equipment was used. In the basic version it was a classic version of the frame
with guide and clamping rollers, and in the design version synthesized model was
applied: frame, mounting, supporting with forming rollers and rotating plugs (Fig. 2).
The relative cost of special equipment in the project version is slightly higher than in the basic
one.

Calculation of cost for winding screw spirals on the basic and design options
was carried out in the manufacture of spirals 2 mm thick, 30 mm high, 100 mm outer
diameter, made of steel 08kp, 3 m long tapes. In Table 2 (they are comparative
and may be adjusted depending on changes in the cost of equipment, devices,
duration of operations, etc.). In addition, we performed a comparative calculation
only on some different operations of the technological process (similar operations
on the duration and use of tools are not considered, such as calibration of the
spiral).

Table 2

Data for comparison of methods of winding screw spirals

Data for calculation Basic variant (winding | Design variant (winding with

on a frame) rotating plug)
Electricity consumption, kW/h 3,61 3,26
. 16E16KP lathe and 16E16KP lathe and screw-
Type and brand of equipment . . . :
screw-cutting machine cutting machine

frame, mounting, support
with forming rollers and
rotating plug

frame, guide and

Technological equipment clamping rollers

Cost of technological equipment, UAH 2150 3730
Duration of operation (including fastening of a

. - 131 114
strip, winding and removal of a dense package), s
Category of the worker 4 4

Calculation of certain different operations of the technological process of winding
screw spirals using the known method was carried out [6]. 3. Calculation of the elements
of the costs of individual operations on the basic and design options for technological
processes of winding screw spirals was conducted and the results are shown in Table 3.
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Table 3

Calculation of the cost elements for individual operations of technological processes of winding screw spirals

Basic variant (windingona | Design variant (winding with
Cost elements X
frame) rotating plug)
Wage costs 1,68 1,47
Electricity costs 0,27 0,22
Equipment depreciation costs (equipment) 0,01 (0,008) 0,01 (0,011)
Total costs 1,96 1,7

The annual economic effect, when replacing the basic version of the winding the
screw spirals (winding on the frame) on the design (winding with a rotating plug), when the
equipment works in one shift, is:

E,=(2070/ (114 /3600)) - (1,96 — 1,7) = 16995,79 UAH

Conclusions. The structural synthesis of screw winding with rotating plug by
hierarchical grouping by morphological analysis is carried out and a number of generated
constructions with improved technical and economic characteristics are obtained, which made
it possible to expand screw winding parameters with different types of spirals.

On the basis of the conducted multifactor experiment the study of the torque of
calibration process of the screw workpiece per step was performed and the regression
dependence was obtained to determine the influence of the winding width, wedge angle and
winding thickness on the torque of the calibration process. It is established that the process of
calibration of the turn of the screw workpiece per step depends on the width, thickness of the
spiral and the angle of the wedge of the device. With increasing inclination of the wedge of the
device and the thickness of winding, for the material steel 08kp, the torque increases and
reaches 79 N m.

Technical and economic estimation of the method of winding screw spirals with rotating
plug is performed. The annual economic effect, when replacing the basic version of winding
screw spirals (winding on the frame) by the design one (winding with a rotating plug), with
equipment working in one shift, is 16995.79 UAH.
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CHUHTE3 TA EKCIIEPUMEHTAJIBHI JOCJIIZIZKEHHSA CIIOCOBY
BUT'OTOBJIEHHS CIIPAJIEM ITHEKIB OBEPTOBOIO BTYJIKOIO 3
TEXHIKO-EKOHOMIYHUM OBIPYHTYBAHHSM

Poman Jlemyk'; FOpiii Maausoaal; Tersina HaBpoubka®; Bornan I'epko?;
Poman Xopomyn'; Anapiii [eBko?

Tepuoninocoxuii nayionanvnuii ynisepcumem imeni leana ITynios, Tepronine,
Ykpaina
23axionoykpaincokuii HayionanoHuil ynisepcumem, Tepronine, Ykpaina

Peztome. [lposedeno cmpykmypHuii cumme3 Ccnocobié HABUBAHHA CRIpanell WHEKI8 Memooom
iepapxiuno2o epynyeanHs 3a 00ONOMOo2010 MOPPOI02INHO20 AHANIZY U OMPUMAHO PAO ANbIMEPHAMUS, WO O0360UNO
ompuMamu 600CKoHaAeHull CHOCiO nagueanns cnipanel wnexkie obepmogoio emyaxoio. Ha ocnosi npogedenozo
bazamoghakmopnoco excnepumenmy 6UKOHAHO OOCHIONCEHHS KDYIHO20 MOMEHMY NPOYyecy Kaaiopysants umkd
26UHMOBOI 3a20MOGKU HA KPOK Ui OMPUMAHO PecPeciiiny 3aNediCHICMb 011 6USHAYEHHS 6NAUEY GENUYUHU WUUPUHU
BUMKA, KYMA HAXUY KIUHA | MOSWUHU GUMKA HA BEIUYUHY KDPYMHO20 MOMEHMY Hnpoyecy KalibpyeauHs.
Bcemanoeneno, wo npoyec kanibpysanns umxa 26UHMOB0T 3a20MOGKU HA KPOK 3ANEHCUMD GO WUPUHU, OBUIUHU
cnipani i 810 Kyma Haxuiy Kiuka npucmpoio. Ilpu 36itvuienni Kyma Haxuiy KIuHa npucmpor0 i mosuwjutu 6UMmKda,
ona mamepiany cmanv 08xn, kpymuuii momenm 3pocmae i 0ocsieae 79 H m. Adexeamuicme anpokcumyroyux
MoOenell ma OYiHI8AHHS 3HAYYUWOCmi Koeiyicnmie pieHanHA pecpecii nepesgipanacs 3a kpumepiamu Diwepa ma
Cm’to0enma 6 medicax smiHHUX 6xionux gaxmopie: wupunu eumka 20 < By < 50 (mm), kyma naxuny xiuna
10 <a <30 (2pad) ma moswunu éumxa 2 <Hoy <6 (mm). Bcmanoeneno, uwjo 0oMiHyouum paxmopom, sakul 6niusae
HA 3HAYEHHS. KPYMHO20 MOMEHMY, € KYM HAXULY KAUHA NPUCMPOIO, d HAUMEHW BNAUBOGUM € WUPUHA SUMKA.
Buxonano mexuixo-exonomiune oyinioganHa cnocody HABUBAHHA 2BUHMOBUX CRIpaiell HABUBAHHAM 0OepPmOBoI0
BMYIKOIO Ul BCIMAHOBNEHO, WO PIUHULL eKOHOMIYHUL edheKm npu 3amini 6a3068020 6apiaHMa HAGUBAHHS 26UHMOBUX
cnipanel (HABUBAHHA HA ONPABY) HA NPOEKMHULL (HA8UBAHHS 00ePMOBO 8MYIKOI0) Npu pobomi 00IAOHAHHS 8
00HY 3MiHy cmarnosume 16995,79 epH.

Knrwouosi cnoea: nasusanus, obepmosa 6myiKa, mexHiko-eKOHOMIuHe OYiHIOBAHMSL.

https://doi.org/10.33108/visnyk_tntu2021.03.043 Ompumano 25.08.2021

52 . ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (103), 2021https://doi.org/10.33108/visnyk_tntu2021.03


https://doi.org/10.33108/visnyk_tntu2021.0
https://doi.org/10.33108/visnyk_tntu2017.03.102
https://doi.org/10.33108/visnyk_tntu2021.03.043

