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Summary. It is known that during operation of screw working bodies (SWB) the outer edges of the spiral
face the most excessive wear, so one should strengthen it with the external spinning along outer diameter while
their production. There were suggested the design of the device and theoretical essentials for determination of
strain effort of the workpiece in order to reinforce the latter were elaborated. Analytical correlations for
determining of radiality tangential strain effort as well as torque to rotate the screw during the rotational spinning.
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Problem setting. It is known that during operation of screw working bodies (SWB) the
outer edges of the spiral face the most excessive wear. That is why one should strengthen the
outer edge of screw surface with rotation spinning method during production process of SWB
with improved operation reliability and durability.

Analysis of the latest research and issues. The problems of improvement of reliability
and durability were exposed by Moshnin E.N. [1], Poluhin L.P. [2], Kosilova A.G. [3],
Gevko B.M. [4], Pilipec' M.1. [5], Rogatins'’kij R.M. [6], Rimar V.H. [7] and many others.

Research implementation. During operation of screw working bodies the outer edges
of the spiral face the most excessive wear. The authors suggested reinforcement of the outer
edges of the spiral by means of spinning (Fig. 1) during production of screw working bodies
with up-graded reliability and durability.

The screw working body, consisting of a barrel or pipe 1 and rigidly welded to it screw
stripe 2, is deadly locked by two ends to turning lathe with collet fixtures 3 from both sides of
mentioned construction elements. From the left end of collet fixture the screw working body is
fixed into jaw or other chuck 4 of popular design. The screw working body is also fixed into
deadhead 5 with the possibility of circular and axial rotation. Inductor 6 is rigidly mounted (no
image on the technical drawing) at the left side of screw working body on the foundation slab
of the turning lathe, which embraces with internal diameter the screw stripe 2 along its external
diameter with the possibility of relative motion. The reeling-out unit 7 is rigidly mounted on
foundation slab of the turning lathe rightward to the inductor 6, which is surrounded with three
crimping wheels 8 into holders 9 with regulating dial scales 10 and the mechanism 11 of their
relative axial motion for location of the crimping wheels 8 with handles 12 during formation of
external contour of the screw stripe 2. Here, the crimping wheels 8 are located on the angle that
equals the ascending angle of screw spiral. Besides, the half-round circular slots 13, which are
made in crimping wheels 8 along their external diameter, form the outer surface of the thickened
screw stripe with required shapes and dimensions. Two types of windows 14 and 15 are
proportionally made around the hull in order to decrease the weight of the reeling-out unit 7.
The screw tubular spiral with in-hale 16 and out-hale 17 pipes for liquid refrigerating agent of
the high frequency current inductor 18 is made to secure the normal operation of the device and
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the inductor 6 as well as for heat withdrawal from the heating area.

The device operation goes as follows. Left and right shaft 1 ends are mounted into collet
fixtures 3; the left one is rigidly fixed inside the jaw chuck of turning lathe and the right one —
into deadhead 5.
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Figure 1. a) Device to produce screw working bodies with up-graded
operation reliability and durability; b) intersection A-A

Before this they mount the inductor 6 with his internal hole as well as internal diameter
and reeling-out unit 7 on screw working body. The crimping wheels 8 are meanwhile moved in
the uppermost position with regulating dial scales 10. After rigid fixation of reeling-out unit 7
on the foundation slab of turning lathe, they start mounting of crimping wheels 8 in holders 9
on required crimping diameter and step by means of dial scale 10 and handle 12. Here the
allowance rate is divided on three wheels according to the following sequence: the first and the
second crimping wheels crimp the screw stripe on allowance rate 0,35 A, where A — allowance
rate; the third crimping wheel is on allowance rate 0,3 A with deviation error of 10...20%. The
reeling-out unit 7 is moved into rightmost position, then they switch on the inductor 6, heat the
left end of screw stripe 2 and turn on the lathe with spindle. Then the jaw chuck 4 rotates and
moves the screw working body around, which with screw stripe 2 along the outer diameter 5
interacts with crimping wheels 8 of crimping head. The latter moves in axial direction on pre-
determined step of screw working body and increases its thickness along outer diameter up to
pre-determined dimensions.

Having finished the technological process of crimping of screw stripe, they stop the
turning lathe, dismantle the screw working body from the foundation slab and fix the next one
instead.

In some cases of crimping of screw working bodies one can operate under cold
conditions.

To determine the strain effort of perpetual screw’s blank part in the mentioned above
device let us have a look at analytical model on Fig. 2.
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Figure 2. Analytical model to determine the strain effort for perpetual screw’s blank part: a) scheme of
interaction between perpetual screw and crimping wheel; b) stress condition of elementary sector

During deformation of outer edge of perpetual screw, there appears axis-symmetric
strain, which allows determining stress condition at the spot of deformation by means of
investigation of stress condition of elementary sector (Fig. 2b) on the angle dy. The affiliated
stresses here are equal to zero, and radial stresses o, and tangential stresses o are the main ones.

Let us investigate the balance condition of stripe with width dRx, which is located at the
distance Ry from the center at small transpositions of the blank part in polar coordinates system.
Let us design the forces on the radius heading through the center of sector and compare their
sum to zero with an eye on the fact that changes in the perpetual screw material’s thickness is

determined with the dependency:
IRe
S = S ] 1
° R x @)

where Sg — thickness of perpetual screw material at internal diameter, mm;
Rp — internal radius of perpetual screw, mm.
As the screw working body is ellipsis-shaped then the internal radius is equal to:

3

2 2 9\2
RB:alzblz(cosze+3|n29J . (2)
C by

Correspondingly, the external radius of perpetual screw is:

3

2 2 9\2
R = aszz cos2 o0 N sm2 0 _ 3)
a, b;

Having taken into account the formula (2.83), the balance equation will be recorded as
follows:
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(6,+do,) Ss L‘dY'(Rx +dRx)-o,Rx dVSB,/&—
Rx +dRx Rx
(4)
Rs

—sm(dy) 0.
Rx +dRx 2

Having taken into account the fact that after simplifications for small angles
sin(dy/2)=dy/2, we will obtain:

__Rs __Rs +d Rs
Op—— — Rx—
URx+de V de \ Rx +dRx (5)
- / ‘R dRr /—— .
7e R x X—ov X Rx +dR x

As the change of perpetual screw’s thickness is inconsiderable and it does not
remarkably influence upon radial stresses, we will simplify the formula (5) down to under-the-
root expressions. Then we will obtain the balance equation:

~2069dRx SE

o,dRx +do,Rx —cpd Rx =0. (6)

To solve the equation (6), we use the plasticity equation without relevance to material
enforcement as the strain occurs in heated condition:

op—c9=Pos, (7)

where f — coefficient accounting on action of axial stress, f=1,15;
— flow of stress for perpetual screw’s material, MPa.
Having substituted the equation (7) into the equation (6) we will solve the differential
equation and obtain:

c,=—posInRy +C,;. (8)

The integration constant C1 we determine according to boundary conditions. On the
edge of interaction between crimping wheel and perpetual screw there appear the contact
stresses ox. Then:

Having substituted the values from the formula (9) into formula (8) we will get:

R

The maximal radial stresses appear at internal edge of the perpetual screw, then:
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Radial force of perpetual screw’s strain is determined according to the formula:
P, =0, mxF (12)

where F — contact area between crimping wheel and the perpetual screw, mm?,

According to the analytical model on Fig. 1, the contact area will be computed due to
the formula:

F=I1S,, (13)
where | — the length of contact arc between crimping wheel and the blank part, mm;

Ss — the thickness of perpetual screw’s material on outer radius, mm.
The contact arc’s length will be computed as follows:

| = arccos[ Ri™ hJ- Ry (14)
R1

where Ry — radius of crimping wheel, mm;
h — the value of perpetual screw’s material strain in radial direction, mm.
Having substituted the equation (14) into equation (13) and basing on the equation (1)

we will get:
R, —h R
F =arccog — ‘R - /—B.
[ R j R'S, R, (15)

Then the radial strain effort is equal to:
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The tangential strain effort will be found according to the formula:

3
2 20\
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The torque required to rotate the perpetual screw is determined as follows:
M=m-P,-R,; (18)
3
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where m — the number of simultaneously working crimping wheels.

The analysis of dependencies between spinning momentum and stripe height was
carried out on the basis of the formula (18) according to the program attached in the annexes.
Due to calculation results, we made a graph (Fig. 3) of torque dependency being necessary for
rotation of perpetual screw from radius of crimping wheel.
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Figure 3. Graph of torque dependency being necessary for rotation of perpetual screw from
radius of crimping wheel: 1 — R3=50 mm; 2 — R3=60 mm; 3 — R3=70 mm

Apparently, from the graphs, the radius of forming crimping wheel influence slightly on

the value of torque for the perpetual screw under process of enforcement. In addition, during
enforcement of outer edge from the side of small semi-axis of ellipsis during transition on the
big semi-axis the momentum grows in 1.3 — 1.5 times.

Having based on accomplished research, one can make the following conclusions:
There was elaborated the design of device for rotated crimping of MWB along its

external diameter in order to improve the operation reliability and durability, which has all
rights reserved. The authors presented the analytical dependencies to determine the radial,
tangential strain effort and the value of torque being necessary for rotated reeling.

Referenses

1. Moshnin E.N. Gibka, obtyazhka i pravka na rotacionnyh mashinah. M.: Mashinostroenie, 1977. 269 p. [In
Russian].

2. Poluhin I.P. i dr. Soprotivlenie plasticheskoj deformacii metallov i splavov. M.: Metallurgiya, 1976. 488 p.
[In Russian].

3. Kosilova A.G., Suhov M.D. Tekhnologiya proizvodstva podjomno-transportnyh mashin. M.:
Mashinostroenie, 1982. 301 p. [In Russian].

4. Gevko B.M., Pilipec' M.I. ta inshi. Tekhnologichni osnovi formoutvorennya riznoprofil'nih gvintovih
zagotovok detalej mashin. Ternopil', 2009. 455 p. [In Ukrainian].

5. Pilipec' M.1., Vasil'kiv V.V. Tekhnologichne zabezpechennya procesu zmicnhennya spiralej shnekiv.
“Naukovi notatki”. Luc'k. Red-vid. viddil LDTU 2000, vip. 7, pp. 179 — 189. [In Ukrainian].

6. Rogatins'’kij R.M. Doslidzhennya napruzheno-deformovanogo stanu gvintovih robochih organiv. Visnik
NAU. K.: 1974. Vol. 1, pp. 34 — 39. [In Russian].

7. Rimar V.H., Glushko YU.I. Izgotovlenie flancev metodom spiral'noj navivki. Tekhnologiya i organizaciya
proizvodstva, 1986, no. 2, pp. 33 — 38. [In Russian].

8. Gevko B.M., Chvartac'kij R.I. ta inshi. Sposib vigotovlennya gvintovih robochih organiv mashin

pidvishchenoi ekspluatacijnoi nadijnosti i dovgovichnosti, Patent Ne68682, Byul. Ne7, 2012.

CrnucoK BUKOPHCTAHOI JiTepaTypu

1.

2.

3.

4,

Momnns, E.H. T'ubka, o0Tspkka u npaBka Ha poTanuoHHbIX MammuHax [Tekcr] / E.H. Momnun. — M.
MammuHocTtpoenue, 1977. —269 c.

Honyxun, L.I1. ConpoTuBieHne IuiacTadeckod aedopMaunu MetauioB u cruiaBoB  [Teker] /
W.IL. Iomyxun u ap. — M.: Meramryprus, 1976. — 488 c.

Kocunosa, A.I'. TexHomorusi IpoM3BOACTBa NOAROMHO-TpaHCOPTHBIX MamuH [Tekcr] / A.I'. Kocunoga,
M.J. CyxoB. — M.: MammHocTpoenue, 1982. — 301 c.

TexHoNOTiuHI OCHOBH (OPMOYTBOPEHHS Pi3HOMPOMIIEHUX TBUHTOBUX 3arOoTOBOK JI€TaJied MaIlWH

ISSN 1727-7108. Bicturx THTY, No 2 (86), 2017 ... ce et DT



Theoretical prerequisites to the working surfaces of the screw working bodies

[Texct] / B.M. I'eBko, M.I. [Tunumens ta inmr. — TepHomine: THTY imeni IBana ITymros, 2009. — 455 c.

5. Mununenp, M.I. TexHomoriude 3a0e3medeHHs MPOIECY 3MilHeHHs cripaneil mmHekiB [Tekcr] [/
M.I. Mununens, B.B. Bacunekis. — JIynek. Pen-pun. Bimmin JIATY. 2000. — Bun. 7. — C. 179 — 1809.

6. Poraruncekuii, P.M. JlocnipkeHHs HanpyxeHo-1e()OPMOBAHOTO CTaHy TBUHTOBHX POOOYHMX OpTraHiB
[Tekct] / P.M. Poratuncekuii // Bicauk HAY. — K.: 1974. - T 1. — C. 34 — 39.

7. Pumap, B.X. UsroroBnenne ¢manieB MerogoM crnupanbHoi HaBuBkd [Tekcr] / B.X. Pumap,
FO.U. I'mymiko // TexHomorus u opranu3anus npousBoactsa. — 1986. — Ne 2. — C. 33 — 38.

8. Ilarenr Ne68682 “Cmoci® BHTOTOBICHHS TBHHTOBHX pOOOYMX OpraHiB MAaIldH ITiJBHIIEHOL
eKCIUTyaTaIiiHoi HaaiiHocTi i qoBrosiunoct [Tekcr] / B.M. I'esko, P.I. UBaprauskwuii Ta immmi. brom. Ne7,
2012.

V]IK 621.87

TEOPETHUYHI IIEPEAYMOBHU 3MIHHEHHSA POBOYNX
HOBEPXOHBb I'BUHTOBUX POBOYUX OPI'AHIB

Bosogumup Kaengiii'; Isan Kyusapa®; Poman Usapraubkmii';
Tersina Hapounska'; Boraan lyna®

Y Tepuoninocoruii nayionanvruii mexniunuil ynieepcumem imeni lsana Ilynios,
Tepnoninw, Yrpaina
2 TepHoninbCbKull HAYioHaabHUll eKOHOMIYHUL YHiGepcumen,
Tepnonins, Ykpaina

Pe3tome. Ak sidomo, 6 npoyeci pobomu 2eunmosux podouux opearie (I'PO) nailbinvuie 3HOUIEHHS
3a3Hame  306HiwWHI Kpomku cnipani. Tomy € Ooyinohum 3miyHO8amu ii 306HIWHIM OOKAMYBAHHAM NO
306HIWHbOMY Olamempy 6 Npoyeci ix 8UcoMoGieHHs. 3anpONOHO8AHO KOHCMPYKYIIO NPUCMPOIO Ui PO3POOAEHO
meopemuyni nepedymMosu GUIHAYEHHs 3YCULIs Oeopmayii 3aeomosku 3 memoio ii 3miynenus. Busedeno
AHANIMUYHI 3G71edHCHOCME Ol GU3HAYEHHS pPAdiaIbHOCMI MAHSeHYIANbHO20 3yculia Oepopmayii, a makooic
KPYMUIbHO20 MOMEHNY 0I5l 00epMAaHHsA WHeKd Nio 4ac pomayiiiHo2o 00Kamy8aHHs.

Kniouogi cnosa: 26unmogi poboui opeanu, HAJiUHICMb, 008208IUHICMb, eKCHAYAMAYIUHI G1ACMUBOCHII.

Ompumano 04.05.2017

D8 ISSN 1727-7108. Scientific Journal of the TNTU, No 2 (86), 2017



