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FORCE DEPICTION OF THE RADIAL SIZE CHANGE OF THE HELICAL SPRING
HONE
CHUJIOBHUH MMOPTPET 3MIHU PAIIAJIBHOI'O PO3MIPY IMIPYKHO-TBUHTOBOI'O
XOHY

The article discloses the research principle of the deformation of helical spring deformed surface of a helical
spring hone taking into consideration the results of theoretical, experimental and computer studies. As a result we got
the system of equations which defines linear and angle loads in case deformation which appear on the helical spring
surface. The scheme of definition of the torque performance while loading the helical spring deformed surface was
suggested. The research enabled to build the force depiction of loads and spring deformation of helical spring deformed
surface. We also suggested the scheme of definition of deformation force of the helical spring hone and its metering.
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Kiposorpaacekuii Harionansuuii Texuidauii YHiBepcuter
CHJIOBHI ITOPTPET 3MIHU PAJIAJIBHOI'O PO3MIPY IIPYKHO-'BUHTOBOI'O XOHY

B craTi po3risiga€Thes MPHHIMI IOCTIIKEHHS AepopmManii mpyxHo-qedhopmyemMol 000IOHKH MPYXKHO-TBUHTOBOTO XOHA, BPaxXOBYIOI
pe3yJIbTaTH TEOPETUYHUX, EKCIEPHMEHTAIPHAX Ta KOMII IOTEPHUX AOCIIIKEHb. B pe3ynbrati yoro 6yino oTpuMaHa cucTeMa PiBHSIHB, sIKa BH3HAYae
JiHIMHI 1 KyTOBI HaBaHTaXeHHs NpH Aedopmallii, KOTpi BUHHUKAIOTh B HPYXHO-ZehopMyeMiii 000JIOHII. 3anpornoHOBaHAa CXeMa BH3HAYCHHS Ail
KPYTHOIO MOMEHTY IIpH Aii HABaHTAXKEHb Ha MpPYyXHO-TehopmyeMy 000710HKY. IIpoBeneHi JOCTIIKEHHS Jalk 3MOTy TOOYIyBaTH CHIIOBHH HOPTPET
HABaHTAXKCHb Ta MPYXHHUX Aedopmaiii npyxHo-mepopmyeMoi 000g0HKH. Takoxk HpeACTaBICHA CXeMa BH3HAYCHHS CHIM Jedopmaril mpyxkHO-
I'BUHTOBOI'O XOHY Ta MOro 3aMipy.

KirouoBi ci0Ba: XOHIHIYBaHHS OTBOpIB, CHJIOBHH IOPTpET, MpYyXHO-AedopMyeMa 00OJIOHKA, MPYXHO-TBUHTOBHH XOH, PEryJIFOBaHHS
paziaibHOro po3Mipy.

Problem statement and analysis of research

The current research on deformation of compound bodies does not give accurate information about the change
of the radial size while in the process of deformation [1]. So there are certain factors which make impossible to define
force and deformation characteristics of helical spring hone (HSH) theoretically, including:

- variability of planes of the screw body cuts along its own geometrical axis [2];

- variability of tensions which appear in the spirals along the length of the helical spring deformed surface
(HSDS) while application of force constant value [2] ;

Therefore, we made a decision to apply a combined method of research.

The combined method involves studying the interaction of the parameters that were obtained with the help of
different methods, including:

- theoretical research of radial and axial spring deformations of HSDS [2];

- experimental study of forces’ correlation and spring axial and radial deformations of HSDS;

- computer diagnostics of tensions that emerge in different points of the HSDS body [2];

- theoretical study of the torque effect on the spring deformation of the screw body with closed endings.

Helical deformation and the arising tangential tensions of the bodies similar to HSDS, for example, traditional
springs are considered in a range of publications [3].

In this case the tangential tensions which arise in the body of the helical element in general view without
differentiation of their values on every spiral were considered.

But computer diagnostics [2] showed different values of tensions which arise in the limits of every spiral of
HSDS. Therefore, it would be reasonable to consider the process of arising of tensions in the body of HSDS directly in
the limits of each separate spiral.

Research of the moments of torsion of a spiral of the helical spring hone

For this process it is necessary to take a number of assumptions, particularly:

- helical deformations of spiral of HSDS as a result of torque and tangential tensions arise synchronously from
the two opposite sides;

- helical deformation and the torque which provides the deformation at every sequential spiral takes into
account the values of these parameters that were received at the previous spiral;

- the work of the torque is defined by the square of the triangle which is placed beyond coordinate axis: torque
and the angle of twist;

- the force depiction is built on the basis of the data received for HSDS with nominal diameter 12.7 mwm;



- the values of the loads of HSDS and corresponding to them helical deformations, linear and angular are
defined with the help of equations [4]:

_27P,R%il
o,l
2R’
o,l
Ad :2Rcos(a—§03) ’ M
A =2Rsing,

¢, =0—=0,

3

A=

where: @; — twist angle or the lift angle of the screw line after loading;
P, — axis force;
R —radius of the cylinder of the body of HSDS along axis line of the crossed cut;
i —number of spirals of HSDS;
6, — springiness modulus of the second kind or slip modulus;
I — inertia moment, geometric characteristics of toughness while twisting;
o — lift angle of the screw line before loading;
A — draft value of HSDS while loading;
¢; — lift angle of the screw line of HSDS after loading.

HSDS or helical screw element is considered as a straightened rod with closed endings [27, p. 208] see Fig. 1

R — HSDS radius; Pz — compressing force; M3 — closing moment; M, — torque; @, — angle of twisting the cut; i — number of complete spirals of
HSDS; 1 - length of spirals;

a) HSDS; 6) straightened rod; B) cut of the rod;
Fig. 1. Scheme of HSDS loading

Deformation of the ending in the case of HSDS is carried out with closed position from both sides. That is why
it is unreasonable to apply classical equations of the twisting angle [4, pp.206-209]. Picture 2 shows the scheme of the

action of torque loading with closed endings.
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Fig. 2. The scheme of torque while loading of springy body of HSDS with closed ends

Accordingly, the twist angle @, will be defined with the help of the equation:
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where: [ is the length of the straightened rod;
o, is the springiness modulus of the second kind or slip modulus.

Taking into account the above-mentioned assumptions we can build the scheme of HSDS loading with
definition with the help of computer diagnostics of the characteristics of changes of tangent tensions (Picture 3).
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1 — HSDS; 2 — curvilinear dependence of the change of tangent tensions t along the body of HSDS received by the method of computer
diagnostics; 3 — the area of adjacent triangles which reflect the operation of the torque M.

Fig. 3. The graph of loading of HSDS



Experimental research of deformation of helical spring hone
Pilot mount for definition of the necessary strength of deformation and increase of diameter of HSDS was
made after modernization of the lathe 1A616 and consists of dynamometer 1, magnetic indicator stand 2 and HSDS 3.
(Picture 4).

1 — dynamometer; 2 — magnetic indicator stand; 3 — HSDS; 4 — tailstock pinole;
a) for HSDS with diameter @325 mm; 6) for HSDS with diameter @12,7 mwm;.

Fig. 4. Pilot mount for definition of the necessary strength of deformation and increase of diameter of HSDS



HSDS 1 is mounted into the three-jaw chuck of the lathe that has a special detent which limits axial movement.
The dynamometer 1, in its turn, is mounted between HSDS 3 and the tailstock pinole 4. In order to define the axial
deformation of HSDS 1 we used a special plate which is contacted with the knife of magnetic indicator stand 2.

The pilot mount works in the following way: the effort and axial movement are done due to the tailstock
pinole. The value of the received axial movement is defined by the indicator which is mounted on the magnetic stand
and the value of the applied force was counted by dynamometer 1 which had been calibrated before. The measurement
of the received radial size was made by a micrometer.

Measurements of the external cylindrical contour of HSH were made by the reference machine (Picture 5).

a) 6)

1 — the reference machine Carl Zeiss CONTURA G2; 2 — sensor; 3 — HSH.

a) general view of the measurement area of the external cylindrical contour of HSH; 6) the measurement area of the
external cylindrical contour of HSH;

Fig. 5. Reference machine Carl Zeiss CONTURA

The parameter values that are controlled in the process of diagnostics are given in Table 1. We received a
considerable mismatch in theoretical and experimental dependences. This is because the screw groove was made with
closed ends. In other words, in case of springy deformations there is a resistance. That is why we suggested applying
empirical formulas to calculate the increase of diameter and the necessary value of deformation.

Table 1
Parameters that are controlled in the process of diagnostics
Ne | Value of indicator of Value of indicator of Effort PZ, H Diameter, Mm
movements, MM dynamometer
1 2 3 4 5
HSH with diameter @12,7 mm
1 0 0 0 8,74
2 0,25 20 597,5 8,76
3 0,5 40 1185,9 8,80
4 0,75 61 1803,8 8,82
5 1,0 80 2362,88 8,84




1] 2 | 3 | 4 | 5
HSDS with diameter @325,0 mm
1 0 0 0 21,17
2 0,25 20 597,5 21,18
3 0,5 38 1127,1 21,20
4 0,75 55 1627,3 21,22
5 1,0 70 2059,6 21,24

Force depiction of HSH
Force depiction of HSH is built on the basis of theoretical and experimental data shown in Picture 6.
Force depiction enables to define springy deformations which arise after corresponding loading.
The mismatch in theoretical and experimental graphs proves the difference in actual areas of the cuts of HSDS
and their values which were taken into account in theoretical calculations.
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I — theoretical 1 and experimental 2 dependence Ad=f(A); II — theoretical 3,4,5,6 and experimental 7 dependences Ad=f(My); III — theoretical
dependence 8 @;=f(My); IV — theoretical dependence 9 @;=f(A);Ad — diameter increase; My — torque; A — axial draft of HSDS; ¢; — twisting angle;
¢; — alternating value of the angle of the screw line lifting;

Fig. 6. Force depiction of loads and helical spring deformations of HSDS

Conclusions
Therefore, as a result of building of force depiction we received the following conclusions.
The tension in spirals of HSDS has alternating values along its spiral with the difference between the
maximum and minimum values varying from 5 to 10% depending on the degree of loading.
The angle of the spiral shape changes according to the tension and the maximum value of angle shape is
obtained in the middle of the body of HSDS.
The methodology of force depiction can be applied to define performance indicators of HSDS.



Springy deformation of the spirals of HSDS does not influence the operational performance because HSH is

polished with maximum deformation before exploitation.
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