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! JloHCKoit TOCYIapCTBEHHBIH TEXHIUECKHiT yHHBEPCHUTET, T. PocToB-Ha-J[oHy, Poccuitckas deneparus

Bseoenue. CraThsi NOCBAILCHA HCCICIOBAHUIO CHHTE3HPO-
BaHHOHN MPUHIUIHAIBHON CXeMbl (PPUKIMOHHOTO KOHTAKTa
TBEPJBIX T€J B Ky3HEUHO-IUTAMIIOBOYHBIX MallMHaX. YcTa-
HOBJIEHAa BO3MOXKHOCTb IIOJIy9€HHS MAaKCHMyMa Harpy304HOH
XapaKTePUCTUKU (PUKIMOHHOTO KOHTaKTa BHYTPH MHTEpBa-
Ja n3MeHeHust koddunuenTa TpeHus. BEIIBIEHHI Be cite-
JYIOIIHE BO3MOXKHOCTH CHJI TPEHUSI ()PUKIMOHHOTO KOHTaK-
Ta: Ha IPaHUIAX YKa3aHHOTO MHTEpBaJa OHH OYIyT paBHBI
TIPY HAIMYUH MaKCHMyMa PaBEeHCTBA; IIPH AAHHBIX yCIOBHSIX
OHH JIOCTUTAIOT HanOOJIbIIEH CTaOMIBHOCTH.

Mamepuaner u memoowi. 1lpu N3MEHEHUH BENUYUHBI yTia
MEHSICTCS MOJIOKEHHE TOYKH MaKCHMyMa. DTO NPHUBOIMT K
HapyILIEHUIO PaBEHCTBA CHJI TPEHUS Ha TpaHUIaX MHTEpBaja
u3MeHeHus ko3 unuenTa TpeHus. B takom ciygae xodg-
(ULIMEHT TOYHOCTH JIOJDKEH OINpPEACNATHCS OTHOIICHHEM
MakcuMyMa (YHKIWH K HAUMEHBIIEMY I'PAaHHYHOMY 3Hade-
HUO. Iy 3TOr0 HEOOXOAMMO YCTAHOBUTH TE€HJCHIINU H3Me-
HEHUsI TPAHUYHBIX 3HaYeHUH (YHKIMHU, CBS3aHHBIE C BapbU-
poBaHMEM BENWYMHBI yria. [[ns pemeHus 3ToM 3amaud HO-
BYI0O BEJIMUMHY TaHIeHca Yrja AaBJICHUs MNPEACTaBUIM B
BHUJIe TIPOU3BeieHNs K03 duIMeHTa BapprpoBaHus Ha 6a3o-
BOE 3HAUEHHE TAHTEHCA yTJia.

Pesynomamul uccredosanus. TlonydeHHbIE pe3yJbTaThl 110-
Ka3bIBAlOT BBICOKYIO CTAOMIIBHOCTH CHIIBI TPEHUS HPH IPO-
CKaJIb3bIBaHUK Ten (pukunoHHoro koHTakta (PK). Onnako
mpu OONBIINX BENMYMHAX YTJA JaBICHHS TyBCTBHTEIBHBIX
3JIEMEHTOB JIaT4NKa-NIpeoOpa3oBaTenss MAaKCUMaJbHAs CHIIA
TPEHHsI KPATKOBPEMEHHO MOXET OBITh IPONOPIHOHATHEHA
TEKyIeMy 3HaYeHUIO KO PUITIEHTa TPEHHSI.

Obcyscoenue u 3axkmovenus. MolepHU3UPOBaHHAS TPHHIIU-
nmuaneHasg cxema @K mo3Bonser TeopeTHUECKH IOIYYUTH
OUY€Hb BBICOKYIO cTaOMIBHOCTH cuilbl TpeHus. PK He nomkeH
oOpamarscs B HOJb B MHTEPBAIe N3MEHEHU K03 GHIHeHTa
TPEeHHsI BHIXOJHOTO MapaMeTpa OCHOBHOHN ()PUKIMOHHOM
rpynnsl (O®I') u npu HanmM4YUKM MakcuMyMa GYHKIMU Harpy-
304HOi crocobHocTH K. HeoOXoauMbIM yCIOBHEM 3TOTO
ABJISIETCS Mepeiaya YyBCTBUTEIBHBIMHU 3JIEMEHTAMHU JOMOJI-
HUTENbHOW (pukinuoHHON rpymmel (JPI) ee mnomHOM
Harpysku.
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Introduction. The synthesized basic diagram of the frictional
contact of solids in forging-and-stamping machines is consid-
ered. The possibility of obtaining the maximum load charac-
teristics of the frictional contact within the variation interval of
the friction factor is determined. The following two possibili-
ties of frictional contact forces are indicated: they will be
equal at the boundaries of the specified interval if there is
maximum balance; they achieve the greatest stability under
these conditions.

Materials and Methods. When the angle value changes, the
position of the maximum point changes. This causes violation
of the friction forces balance at the boundaries of the variation
interval of the friction factor. In this case, the accuracy coeffi-
cient should be determined by the ratio of the maximum of
function to the least boundary value. Doing this requires estab-
lishing trends of changing the boundary function values asso-
ciated with the angle variation. To solve this problem, a new
value of the pressure angle tangent was presented as a product
of the coefficient of variation by the base value of the angle
tangent.

Research Results. The results show high stability of the fric-
tion force under slipping of the frictional contact (FC) bodies.
However, at large values of the pressure angle of sensing ele-
ments of the transducer, the maximum friction force can be for
a short moment proportional to the current value of the friction
factor.

Discussion and Conclusions. The upgraded FC basic diagram
enables to theoretically obtain very high stability of the fric-
tion force. The FC should not vanish within the variation in-
terval of the friction factor of the output parameter of the basic
friction group (BFG) and at the maximum of function of the
FC load capacity. A necessary condition for that is the transfer
of full capacity of the additional friction group (AFG) by the

sensing elements.
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Introduction. The synthesized schematic diagram of frictional contact (FC) of solids in forging-and-stamping
machines is considered. The analysis shows the possibility of obtaining maximum load FC characteristics within the
variation interval of the friction factor. The following two possibilities of frictional contact forces are identified: they
will be equal at the boundaries of the specified interval if there is maximum balance; they achieve the greatest stability
under these conditions. The results obtained show high stability of the friction force during slipping of FC bodies. How-
ever, at large values of the pressure angle of the sensitive elements of the transducer sensor, the maximum friction force
can be briefly proportional to the current value of the friction factor.

Materials and Methods. The FC scheme shown in Fig. 1 is free from this disadvantage.
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Fig. 1. Basic diagram of frictional contact

The master friction group (MF1) includes bodies 1, 2 and 4; the additional friction group (MF2) contains bodies
3, 5 and 10. Between 1 and 2, 2 and 3 bodies, sensitive elements in the form of rolling bodies 7 and 8 are placed in the
profiled sockets.

The difference of the considered scheme is the division of body 2 into two parts, due to which the connection
between bodies 2 and 5 is carried out using body 10 interacting with body 2 through the springs 11. This allows trans-
ferring half of the total load of MF2 from body 2 directly to the rolling elements 8 making them a leading element in the
MF2. The second half of the total load of MF2 is transmitted through the springs 11 from body 2 to body 10, and further
through friction — to body 5. In addition, the place of F; moving force is transferred from body 1 to the rolling elements
7. These differences allow excluding the impact of the pressure rolling 7 on the load distribution between the friction
surfaces in MF1 and MF2 when the friction factor value changes [1].

To restrict to the linear nature of the friction between the bodies 1 and the supporting surface 9, as well as be-
tween the bodies 2 and 10, the rollers 6 and 12 are installed.

The formula for determining the value of the FC friction force depending on the disturbance input is as follows
(at the same values of the feedback gain factor of MF1 and MF2]:

S E =l M
(I+7tga)
where ZFT is total ultimate friction force between bodies 1, 2, 4 and 3, 5, 10; ; F;, is initial clamp force of friction
couples; f is current value of the friction factor between the mentioned bodies; o is pressure angle between rolling
elements 7, 8 and the socket.
It was also established that the function (1) within f;,.../max range of values does not have a maximum since
the friction force of MF1 vanishes at the value of the friction factor of f, =1/tga. . (Here, f.;, and f.x are, respec-

tively, the smallest and largest values that the friction factor can take in actual FC operating conditions for the adopted
combination of materials of friction couples.) The same value corresponds to the imaginary maximum of the function
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(1) since in f,...fnax interval, the FC load is transferred through MF2friction group, the friction force of which in-
creases with f growth. This does not ensure the FC friction force stability despite the fact that it is somewhat higher
than that of the first-generation FC (at values f,;;, = 0.1, fax = 0.8 and tga = 1.125, the accuracy coefficient is equal
to K,=2.5and K, =3.67).

The real maximum of the FC load characteristics within the variation interval of the disturbance input is possible
through modifying MF2 according to the scheme (see Fig. 1). This modification is to reduce the number of friction cou-
ples. To this end, it is necessary to exclude elements 10, 11 from the scheme and to rest body 5 directly upon body 2
through the rollers 12.

In accordance with this, we find:

Fio :(Fn_FpZ)f»

where F., is friction force of MF2; Fyo is control action of MF2 (expansion force on the rolling elements 8).

But
sz = Fthg(l ,
hence,
Fof
F,=—tnl @)
I+ftga

Friction force between MF1 pairs is equal to:
E
Fy= Z[FH —(TTI+FT2)thL}f .
Considering the relation (2), we find
Fy=2F—L—. G)
(I+ftga)
The relation (3) does not contain the difference in the numerator; therefore, this function does not vanish on
any conditions. It only asymptotically approaches zero under the following conditions:
- theoretically unlimited increase in friction factor;
- a maximum at the point corresponding to f, =1/tgo value [2-5].
Summing up the friction forces in the relations (2) and (3), we obtain
3+ ftga
S F =Rt )
(I+/tga)
Differentiating the function (4) by f argument and equating the derivative to zero, we find the value of the
friction factor corresponding to a maximum of the function:
3
Je=—". (5)
tgo

Substituting in sequence f;,, fmax values in the expression (4), and equating the obtained relations to each

o f(m+1)2 +12m ©)
2 finax '

Here, m is relative width of the friction factor interval: m = f .« / fiin -

other, we find:

At the found tga value, the function (6), having a maximum at the point corresponding to the value (5), takes

the same values at the boundaries of the variation interval of the friction factor.
In this case, the coefficient of accuracy is determined by the ratio of a maximum of the function (4) to its any

boundary value (for f,;, or fmax values). Based on this, we get:
2
_ 9(14/max t8) (7)
8 finax t8(3 + finax tg0L)

Set the value of parameter ( tgo ) at which K value is minimal. When tga value changes, the position of the

T

maximum point ( /', ) changes as well. Only the relation (6) establishes the equality of the friction forces on the bound-

aries of the variation interval, therefore, changing the position of the maximum point of the function (4) violates the
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above equality.

In this case, the accuracy coefficient should be determined by the ratio of a maximum of the function (4) to the
smallest boundary value. To do this, it is required to establish trends in the boundary values of the function (4) associat-
ed with tgo value variation [6 —10].

To solve this problem, let us present a new value of the pressure tangent as a product of K variation coeffi-
cient and the base value of the tangent angle in accordance with the expression (6), i.e.:
tga, = Ktgo. . (8)
Based on this, we can write considering (4):
(3 + K 120) Fynan K i 180) fras
(K i 1g0)” (1 Koy tg0)?
Here, the left side corresponds to the FC friction force at f = f,;,, and the right side — to the friction force

at f' = fnax - The solution to the latter inequality with respect to the coefficient of variation is:

- 1)? +12
K e| —o; (m+D)=yim+1)” +12m U(l; +x).
2f max tgo

Since tga > 0, the fraction in parentheses of the left side of the solution is negative, therefore, for K > 1, the re-
sulting inequality is undoubtedly fulfilled, i.e. when f, maximum point is shifted to smaller values, to calculate the
accuracy coefficient, it is necessary to use the value of the FC friction force corresponding to f,,,, value and converse-
ly, when 1> K > 0, it is necessary to take the friction force value corresponding to f,;, value [11-13].

Using this conclusion, we make the inequality of K ; > K form where K, is the accuracy coefficient calculat-
ed with consideration of the equality (8). We have:

(4 Ko 1800 (I tg0)®
KQG+Kfmaxtgo) 3+ fraxtea

The inequality is set up given that K > 1.
Transformation of the resulting inequality to the form

34 (14 K) fonx te0+ Kf 2 tgc > 0

shows the validity of the assumption that K ; > K.

We investigate the ratio of the values of the coefficients of accuracy when the maximum point of the function (4)
is shifted to the region of large values, that is, at K <1. Then, K, > K or

2 2
(m~+ Kf pax t8) . (14 pax tea)
KQ@m+Kf paxtg0) 3+ fhaxtgo
Transformation of the resulting inequality to the form

3m+(m+K)fmathcx—Kf2math20c >0
and the solution of the latter give
M3/ max 1)
(finax 180~ 1fmax tgot
The fraction on the right side of the obtained solution is equal to one at the value

(m+ 1)y (m+1)2 +12m
tgo =
2fmax
which fully corresponds to the solution (6). Therefore, the inequality K., > K is performed if K <I.

K<

>

Research Results. Let us take the final judgment on the stability of the FC friction force for various forms of
load characteristics. For this purpose, we determine the FC accuracy coefficient when the function (4) has a maximum
at f = fmax - In this case, the function monotonically increases in the range of the friction factor variation. At that,

Jmax =3/tgo equality is true. We will get:

o 2, _me3)?
BN FEg, 8mtl)
w(f,)  Sm+D
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Considering K 3 > K., we will find:

3m(3 — iy t800) + M3 —m) f 2 o tg2 0+ 9(1 = fipa tgor) <0.
For all friction materials used as FC friction couples, m> 3. According to (6), f.xtgo >1, therefore, it is ob-

vious that the differences in the brackets of the obtained inequality are negative and the above assumption is true.

Thus, the analysis performed shows that the greatest stability of the FC output parameter is in the case when
the function (4) has a maximum within the interval of the friction factor variation and takes the same values at its
boundaries.

When m=8and f,., = 0.8, we get tga~14. Then, f ~0.214. In this case, maximum of the function (3) will

be at f, =0.071 which is almost identical to the lower boundary of the interval f = f,;,= 0.1. The function (3) de-
creases within the interval of the friction factor variation. With such initial parameters, K ~1.04 and K 5 ~1.68.

Discussion and Conclusions. As is obvious, the modified FC block diagram enables theoretically to obtain
very high stability of the friction force. However, due to the relatively large value of tga parameter, F;, force is used

inefficiently. The FC should not vanish in the variation interval of the friction factor of the output parameter of the mas-
ter friction group (MFG) and in the presence of maximum of the function of the FC load capacity.

A necessary condition for this is the transfer of full load of the MFG by the sensitive elements of the additional
friction group (FGD). An additional condition for the existence of a maximum can be formulated as follows: with an
equal number of friction couples of both friction groups, the MFG sensitive elements transfer part of its full load; with a
smaller number of friction couples than in the AFG, the sensitive elements transfer the full load of the MFG.

References

1. Braude, V.I., Ter-Mkhitarov, M.S. Sistemnye metody rascheta gruzopod"emnykh mashin. [System methods
for calculating lifting machines.] Leningrad: Mashinostroenie, 1985, pp. 181-205 (in Russian).

2. Serensen, S.V. Prochnost' elementov konstruktsiy v statisticheskom aspekte i otsenka ikh ekspluatatsionnoy
nadezhnosti. [Strength of structural elements in the statistical aspect and evaluation of their operational reliability.]
Nadezhnost' i dolgovechnost' mashin i oborudovaniya. [Reliability and durability of machinery and equipment.] Mos-
cow: Izd-vo standartov, 1972, pp. 136-146 (in Russian).

3. Kochaev, V.P., Makhutov, N.A., Gusenkov, A.P. Raschety detaley mashin konstruktsiy na prochnost' i
dolgovechnost'. [Calculations of machine parts structures for strength and durability.] Moscow: Mashinostroenie, 1985,
224 p. (in Russian).

4. Afanasyev, M.K. Issledovanie friktsionnykh muft povyshennoy tochnosti ogranicheniya nagruzki: avtoref.
dis. ... kand. tekhn. nauk. [Study on friction clutches with increased accuracy of load limiting: Cand.Sci. (Eng.), diss.,
author’s abstract.] Rostov-on-Don, 1971, 21 p. (in Russian).

5. Yesipenko, Ya.l., Palamarenko, A.Z., Afanasyev, M.K. Mufty povyshennoy tochnosti ogranicheniya
nagruzki. [Enhanced load limiting couplings.] Kiev: Tekhnika, 1972, pp. 168—175 (in Russian).

6. Zaporozhchenko, R.M. O kharakteristikakh predokhranitel'nykh friktsionnykh muft povyshennoy tochnosti
srabatyvaniya. [On the characteristics of safety friction clutches of high accuracy.] Proceedings of Higher Educational
Institutions. Machine Building, 1971, no. 1, pp. 48-52 (in Russian).

7. Zaporozhchenko, R.M K voprosu ob effektivnosti friktsionnykh predokhranitel'nykh muft s tochki zreniya
snizheniya vesa privodov. [On the efficiency of friction safety clutches in terms of weight reduction of drives.] Bulletin
of NTU KhPI, 1971, iss. I.XIV, no. 58, pp. 16—19 (in Russian).

8. Tepinkichiev, V.K. Predokhranitel'nye ustroystva ot peregruzki stankov. [Machine overload protectors.] 2™
revised and enlarged ed. Moscow: Mashinostroenie, 1968, pp. 112—118 (in Russian).

9. Shishkarev, M.P., Kobzev, K.O. Issledovanie tochnosti srabatyvaniya adaptivnykh friktsionnykh muft s
kombinirovannoy obratnoy svyaz'yu (chast' 2). [Research of response accuracy of adaptive friction clutch with com-
bined feedback (part 2).] Naukovedenie, 2013, no. 4 (17). Available at: http://naukovedenie.ru/PDF/03tvn413.pdf (ac-
cessed 27.03.19) (in Russian).

10. Shishkarev, M.P., Kobzev, K.O. Sintez printsipial'noy skhemy modernizirovannogo varianta adaptivnoy
friktsionnoy mufty s kombinirovannoy obratnoy svyaz'yu. [The synthesis of the concept of the upgraded version of the
adaptive friction clutch with combined feedback.] Engineering Journal of Don, 2013, no.2. Available at:
http://www.ivdon.ru/magazine/archive/n2y2013/1738 (accessed 27.03.19) (in Russian).

11. Shishkarev, M.P., Kobzev, K.O. Elementy teorii otritsatel'no-nulevoy obratnoy svyazi v adaptivnykh frik-
tsionnykh muftakh. [Theory elements of zero-negative feedback in adaptive friction clutches.] Vestnik of DSTU, 2014,
no. 1, pp. 180—191 (in Russian).



Kobzev K. O. Study of the working body mechanism in forging-and-stamping equipment

12. Shishkarev, M.P., et al. Osnovy metodologii rascheta i proektirovaniya adaptivnykh friktsionnykh muft s
razdel'nym silovym zamykaniem. [Methodological bases of calculation and design of adaptive friction clutch.] Nau-
kovedenie, 2013, no. 5. Available at: http://www.naukovedenie.ru/PDF/17tvn513.pdf (accessed 27.03.19) (in Russian).

13. Shishkarev, M.P., et al. Spetsifika metodik rascheta i proektirovaniya adaptivnykh friktsionnykh muft s
razdel'nym silovym zamykaniem. [Features procedure and designing of adaptive friction clutch with separate force clo-
sure.] Naukovedenie, 2013, no. 5. Available at: http://www.naukovedenie.ru/PDF/18tvn513.pdf (accessed 27.03.19) (in
Russian).

Submitted 24.04.2019
Scheduled in the issue 08.05.2019

Author:

Kobzev, Kirill O.,

associate professor of the Transport Systems Operation and Logistics Department, Don State Technical University
(1, Gagarin sq., Rostov-on-Don, 344000, RF), Cand. Sci. (Eng.),

ORCID: https://orcid.org/0000-0002-5633-3352

5976765@mail.ru

Machine building and machine science

163



