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Introduction. Static and dynamic loading systems of the safety
friction clutch (SFC) are investigated. A schematic diagram of
the frictional contact of solids in the forging and stamping
machines is synthesized. From the point of view of increasing
the operational stability of the working body in crank presses,
the following factors are considered: response time, current
friction factor and a change in torque under static and dynamic
loading of the safety clutch.

Materials and Methods. The response time of the SFC with
differentiated friction pairs is determined. The sought indicator
corresponds to the period of the uptime in which the load is
amplified (between values of the rated torque and the response
time). The parameters of a dual-mass system correspond to the
parameters of an equivalent system that includes a clutch and
key parts of the drive. The system elements include mass of
inertia; mass of inertia including the engine rotor and the main
(driving) part of the SFC; elastic connection with the specified
value of the reduced angular stiffness.

Research Results. Values of the load arising in elastic bonds
not conditioned by the working body operation are specified.
Formulas that should be used to determine the values of the
driving moment and generalized coordinates are presented.
Start conditions with an increase in the load value from the
initial indicators are described.

Discussion and Conclusions. The dependence is found for
calculating the minimum number of friction pairs of the basic
friction group. It is shown that at this minimum, the gain used
to implement an “ideal” SFC load characteristic, does not
exceed the maximum permissible value, even if the value of
the friction coefficient is maximum. A fundamental SFC mod-
el is presented, in which, with a minimum value of the friction

coefficient, negative feedback does not work. In the functional
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Bseoenue. ViccnenoBaHbl cTaTH4ecKas W JUHAMUYECKas CH-
CTEMBI Harpy>KeHHUs IIPeJOXPaHUTEIBHON (PPUKINOHHOH My (-
1ol (II®M). CuHTe3upoBaHa NMpHHIMIHANBHAS cxeMa (QpHK-
I[HOHHOTO KOHTAaKTa TBEPABIX T B Ky3HEUYHO-IITAMIIOBOYHBIX
MamyHax. C TOUKU 3peHUs UCCIIeJOBaHUs Mpolecca OBBIIIe-
HUS CTaOMIBHOTO (DYHKIMOHUpPOBAaHUS pabOYero opraHa B
KPHUBOLIMIIHBIX Ipeccax PacCMOTPEHBI CIEAYIoUIHe (paKkTOpbL:
BpeMsi cpabaThIBaHUs, TEKYIIUH KOI(QPHUINEHT TPEHUSI U H3-
MEHECHHE BPAIIAIONIEr0 MOMEHTa NPH CTaTHYECKOM U JIUHa-
MHYECKOM Harpy>XeHHH NPeIoXPaHUTEIbHOH MyQTHL.
Mamepuanvt u memoovl. OnpeneneHo BpeMsi cpadaThIBaHUA
[1dM, umeromeit nudpdepeHMpoBaHHbIe Mapsl TpeHus. Hc-
KOMBII ITOKa3aTelb COOTBETCTBYET Y4acTKy pabodero Bpeme-
HH, Ha KOTOPOM YCHIIMBAETCSl Harpy>KeHUE (MEXTy 3HAUCHUS-
MH HOMMHAQJIBHOTO BpAILAIOIIEro MOMEHTa U MOMEHTa cpa-
OateiBaHmst). [lapamMeTphl CHCTEMBI, COCTOSAMIEH U3 IBYX Macc,
COOTBETCTBYIOT ITapaMeTpaM 3KBHBAJIEHTHON CUCTEMBI, BKIIO-
qaromeil MyQpTy W KII04eBble YaCTH IPHBOJA. DIIEMEHTHI CH-
CTEMBI: Macca MHEPIMK; Macca HHEPIMHU, BKIIOYAolIas poTop
JIBUTATENsl U OCHOBHYIO (Beaylnywoo) dacth [IDOM; ympyras
CBA3b C YKa3aHHBIM 3HAYEHHEM IPHUBEIEHHON YTJIOBOM KeCT-
KOCTH.

Pesynomamer uccnredoganus. OnpeneneHbl 3HAYSHUsT Harpys3-
K{, BO3HHMKAalOIIeW B YINPYTHUX CBs35X, HE OOYCIIOBIEHHBIX
(yHKIMOHMpOBaHUEM pabouynx opraHoB. [IpeacTaBieHEI
(hOpMyITBI, KOTOpPBIE CIIEAyeT UCIOIb30BATh AT ONPEIEeTICHUS
3HAYEHUIl JBMXKYIIEr0 MOMEHTa M OOOOIIEHHBIX KOOpPHMHAT.
OmnncaHbl YCIOBUS CTapTa IPH yBEIUUCHNH 3HAUCHUS HATPY3-
KU OT HadaJbHBIX IIOKa3aTeNeH.

Obcyarcoenue u 3axnouenus. HalieHa 3aBUCIMOCTD IS BBI-
YHCIICHNS] MHTHIMAJILHOTO YHCIIa TTap TPSHUSI OCHOBHOHM (pHK-
oHHOM rpynmsl. [lokazaHo, 4TO mpU 3TOM MHHUMYyME KO-
s duImeHT ycuneHus, NCTIOIb3yeMbIH IS pealn3alin «uie-
alpHOM» Harpy3ouHoil xapaktepuctuku [1dOM, He npeBbiIaeT
IpEeeNTbHO JIOMYCTUMOE 3HAUCHHE, JaXKe eCIIM BEeJIHIHHA KO-
s¢dunmenta TpeHns MakcuMmanbHa. [IpencraBieHa MPHHIH-
nuanbHas mozens I1dM, B KOTOpoi Mpu MUHUMAaIbHOM 3Ha-
4eHUH Kod(QHUIMeHTa TpeHns OTpHUIaTeNIbHAs 0OpaTHAs CBSI3b
He JeiicTByeT. B npuHIMNManbHONW cxeMe MOAEpHU3ALNU
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Introduction. At the present stage of production development, to increase reliability and to extend the lifetime
of manufacturing facilities are critical tasks. In particular, it is of interest to study the static and dynamic loading sys-
tems of a safety friction clutch (SFC). In the framework of this research, the static and dynamic loading systems of the
SFC are considered. A schematic diagram of the frictional contact of solids in forging and stamping machines is synthe-
sized. From the viewpoint of investigating the process of increasing the stable operation of the working body in crank
presses, the following factors are considered: response time, current friction coefficient and change in torque under stat-
ic and dynamic loading of the safety clutch.

Materials and Methods. Determine the response time of the SFC with differentiated friction pairs. The re-
quired indicator corresponds to the part of the working time on which the load is intensified - between the values T,

(rated torque) and 7; (response time). The parameters of a dual-mass system correspond to the parameters of an equiva-

lent system including a clutch and key parts of the drive (Fig. 1).
2
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Fig. 1. Dynamic design diagram 1

The system components are as follows:

- mass of inertia (the equivalent system is linked up with the main (drive) shaft of the SFC (position 1 in Fig. 1);

- mass of inertia including the engine rotor and the main (drive) part of the SFC (position 2 in Fig. 1);

- elastic connection with the specified value of the reduced angular stiffness ¢; and ¢, , respectively (positions

3 and 4 in Fig. 1
Establish that the damping value in this system and in the SFC is low and should not be used. The value of the
reduced moment of resistance forces is equal T}, . Given these factors, we obtain the equations of motion [1]:
Jidy (0 =2) =Ty, (1
Jaby +ery = (9~ 2), 2)
where J;, J, are the values of the given moments of inertia of the SFC and the non-essential (driven) part of the drive,
respectively; 7} is the value of the driving torque; ¢;, ¢, are the values of the generalized coordinates of the system

motion (the values of the rotation angles of the mass of inertia 1 and 2, respectively).
The equations (1) and (2) show that the engine has the required resource of power level and ¢; =t (o is the

value of the angular velocity of inertia masses 1, @ =const, ¢ is the time value) [2-5].
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Let us introduce these conditions into the equation (2):
- a + (¢5) (4]
b+ 24, = Lar.
Jo J2

. cp+c [GE C
Oy = Asin | 7—2¢+ Bcos |2+ —— ot
J2 J2 c+o

Values of the integration constants 4 and B should be calculated when specifying the initial values: at ¢ =0

b, =T, /¢y, b =®. Then

As a result, we write:

T CH® J
B="H, g=—2_ [ 2
(%) Cl+C'2 C1+Cz

Hence

CH® J . Ja+c T, c+c C
, = —2 I 2 sin il 24 Heos |2 —1 .
c+o6 V,C1+C2 \I J2 &) J2 cto

Values of the loads, that the elastic bonds 3 and 4 receive, are equal:

CiCH®E  C1CH® J: . e +e C ¢ tc
Ti=c (b —d)= 12 9 [ 2 in [ 2t——lTHcos 1722, 3)
C1+CZ C1+02 \jCI‘FCz

Jo & Jo

2
CiCH®t  CTH® J . e c+c
Ty =cyy = 2— 4 —2 [ 2 smi1 2/ 4T, cos 1 2t, 4)
Cl+C2 C1+C2\IC1+02

+ +
in a czt:O t—l or sin t—l cos cl 02 (5)
Js
Consider the equation:
C1CH ™ J c
= =T (6)
4] + G NG + (&) (&)
The only real value of the solution to the equation (6):
-1{. (7
The cubic equation analysis
4 2
JH®
031 +3C’21C2 +3C]C22 +C32 —CZTZ =0
T

H
allows us to make the following statement: for values of the variables ¢; smaller than the value of the variable calculated

according to (6), the value of the left-hand side of (7) is much larger than of the right [6—8]. At the trigonometric
functions specified in (3), with a possible decrease inc;, the value of the sinusoidal vibrational amplitude increases

(clczo)« fJZ AR IUCELS )) and the value of the cosinusoidal vibrational amplitude decreases (¢;T;, /¢; ) .

The time interval when the value of the elastic coupling moment 3 is identical 7 :

+
. _[T +c_lrﬂj. )
C1C2(D C2

Then sinﬂ/(cl +ey)t, /1 Jy =0; cos,/(cl +cy)t, / Jy =1, resulting in:
ﬂf(cl +e)t. 1 Jy =2mn,

where n =0,1,2,...., n.
Considering (9), we write:
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C
(c]+02)ﬁ/C]+02 (TH+_1THJ:2TC’1‘]2CIC2(D' (10)
€2

For rigid SFC (cl > ey («3fc2.]20)2 /T2H —ID, we use the expression sin,f(cl +et. /Iy =1,

cos.f(c; +cy)t. /[ J, =0. At that,
+ J.
=272 p A9 | 22 (11)
C1CH® q +Cz q +C2

In this equation, angular stiffness of the SFC:

Cl"rCz
J2

T
to=—+2nn.
2

The value can be obtained in the form of an analytical result:

3 3 3 2
q=3 022(302 —G)—(cz —gj + |:6‘22 —(%—gﬂ +[(6‘2 —gj —022 (3¢, —G):| +
2

3 3 3
+3 022(3C2 _G)_[CZ _gj - |:022 —(%—gj} +I:(Cz —gj —6‘22 (3C2 —G):| —Cp +G.

Asaresult, G= chzzcoz (n/2+2mn —1)2 /Tznl . From knowing ¢; and ¢, we find the values of the torques

N | =

N | —

acting on the elastic coupling 4. For this, we use the dependences presented below [6-9].
— Safety friction clutch (elastic):

+
Ty =T, +21-271 . (12)
)

,J
T" =T, +cyo, [—2— . (13)
Cl +6’2

Based on the results of the calculations, it is required to make a number of comments. With an increase in ¢, ,

— Safety friction clutch (rigid):

the value of the moment arising on the elastic coupling 4 (elastic clutch) decreases. If ¢, grows, so does the torque
(rigid clutch).

Consider the types of drive loads. It is important to note that prior to the SFC operation, overloading is not the

reason to stop the machine working bodies (Fig. 2).
3 2 4
5 hilg 1|4

il (Bl |

Ty, Ty,
5 A
“--X‘fpa > 9, > 9,

Fig. 2. Dynamic design diagram 2

The equations for this system are:
S+ (b —92) =Ty, (14)
Joby (1 —hp) + 2 (0 —93) =0, (15)
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Iy ~ea (b ~3) =T, =Ty . (16)

C

Here, ¢;, ¢,, ¢3 are generalized angular coordinates of inertia masses 1, 2, and 3; T, is the value of the possible
increase in torque in the working body device; ¢, is time (associated with the value of the overload growth rate and T
). The torque value 7, (depends on the type of production machine and its applicability) is written in the form:
(1,2..4)T,,; [10-13]. The working body has a power reserve, and the value of the angular velocity of inertia masses 1 is
assumed unchanged, i.e. ¢; = oz . In this case, considering (16), we obtain [13]:

(o =) =T,.

Let us do the summation:

Jo0; +(cp +63)bp —€ot —crh3 = 0. (17)
We sum (15) and (16):
.. . t
J2¢2—C1(Dt+cl¢2 +J3(1)3 =_TH_TC_' (18)
C
We differentiate twice (16):
a* d? d*
J d;2+(cl+02)—¢;2—c 2 -0. (19)
dt dt dt
Using (18), we obtain:
d*¢; 1 t) J, d?
— =—£C103t—01¢2 Ty~ T _]——2—(22 :
dar=  J3 te) J3 dt
Substitute the last expression in (16):
4 2
d diz Lahrtla+a)d 4;2 L I (CWV—TH T, LJ ‘ 20)
dt JoJ3 dt JoJ3 JoJ3 c
From (20), we obtain:
1 d2¢ t
by =—| 3= +erb3 + T+ T, — |. 1)
) dt le
We differentiate twice (21) and get:
d? d* d*
b L) s, ) (22)
dt ) dt dt
Substitute (22) and (21) in (18):
4 2
d (1:3 +02J2 +(c+cp)J3 d 42)3 L GG b = cy clmt—cl +cy (TH +TCLJ . (23)
dt J2J3 dt J2J3 J2J3 Cy c
We write the general solutions of the equations (22) and (23):
§, = A sinkyt + By coskyt + Cy sinkyt + Dy coskyt + l{cloot -T, T, ILJ , (24)
q c
. . 1 (4] +02 t
@3 = Ay sinkjt + B, cos kit + C, sinkyt + D, cos kyt + ot — T, +T.— || (25)
q +02 Cy tC

Here,

2
ky = &/ +(01+02)J3+J{02J2 +(cl+02)*]3:| _a%

2J,J5 2J,J5 Jyds
Research Results. Using the expressions (22) and (23), we find the values of the load arising in elastic

couplings not represented in (18). In this case, we use the values of the torque 7;; equal to (¢; —¢,)(¢) . The presence of

the moment7,, provides recording the generalized coordinates: ¢;—¢p, =7, /¢c;, ¢ —b3=T,/cr, ¢y =0t. We

describe the conditions for starting at the increasing load (from the initial indicators): at =0 ¢, =-T7,/¢,
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do, /dt =w; b3 =—(c+c)T,, /ey, ddy/dt=w. Given (17) and (18) and the starting conditions, we obtain (at
t=0):

d*¢, &) d>, d’h; _cy=2¢,  d’hs
= T, ) =0; = Ty ) =0.
dt Jra dt dt J3¢ dt
We use the starting conditions, the obtained indicators and the main expressions (22) and (23). We obtain
constant values of the integration process:

k25T, Tuc)
=55 P By = 22
ky (k%) —k=2)eit, a (k" —k%)
kZITC . THCZ .
1 = =
ey (k% = k23 et oy (K k%)
K, (e +)T; Ty(cp —2¢))
b= By =
ki(k®y—k=y)  acle o J3(k% —k7)
oo K @re)l o Ti(e-2)
2= 2.2 > T2 2 2"
ky (k"1 —k%y)  acle aJ3(k7 k%)
We substitute the values obtained after integration into (22) and (23):
T 2 2
(I)z :# < ﬁSil’lkzt—k—zsi]flklt +
(k%1 —k%y)e | e\ k2 ky
T
482 (cosklt—coskzt)}+l{clmt—TH -T, Lj,
J2 | le
7 (#2 2
03 =— 12 CRCVE hsinkzt—k—zsinklt +
(3 —k*))e | <te ky ky
—2¢)T,
+M(cosk2t—cosklt) + ! cloat—cl+cz TH+TCL :
J3 Cl +C2 C2 tc

Torque values perceived by elastic couplings 4 and 5:

1|k . K
T =9 —0y)e) =————| 5| —=sinkjt ——sinkyt |—
K=k | ek ky

(26)
T.
L (coskyt —cos kyt) +TH+TCL;
2 tc
c c ¢y —2c
=9y —¢3)cr = #[TH [—2+gj(cosklt—coskzt)—
(k% —k73)q Ja J3
Tecr [ k2 K2 2 ¢ —c . 27
ke § —lsinkzt——zsinklt 2 72 T,+T,— |.
CZtc k2 kl c+e q tc

The values k¢t and kyt are not related to each other. The values sink¢, sink,t, coskt, coskyt can be
positive or negative: sinkitz =1 and sink,t =—1 or coskiz=-1 and cosk,?=1 [10-12]. The values of these time

intervals are from (27):

t B+
tlz(Tn_TH)_C_ 115 > (28)
T kyky (k% —k%)
t 2C2
=T | —=2 411 (29)
Tc{ ! Lkzl—kzz)tfz }H}

Substituting (27) and (28) into (29), we obtain the values of interconnected torques in the elastic coupling
5T13]:

3 3 2
,2 (k 1+k Z)CZ ( jC (610 ] ( g H) tC |: c H® (Cl —02)7C:| L —C " (30)

kyky (k2 —k2y)\aite €+ Tla+a ale <
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t 2 2 —e)T.
T = T 1+ — ‘722 T, || €22 Lla-ol )
Tc (k 1—k 2)..]2 q+o cltC

q—¢ 2¢cy (c_2+cz—2cl
a (K -ka\ S

We use the expression for calculating the expansion force [13] to obtain the peak torque transmitted by the

€3]

+T,

friction clutch when the external moment increases to 7; :
=T

r

b tgal .

We use this expression to find the torque 77 :

T.-T
T'2:chfi(FH— ! . 2tgocj.

We consider the value for the full torque 7, of the SFC and obtain 7;, =T7; . Thus, by the end of the 2nd time

interval #, ... t,, when the load distribution in the safety friction clutch is completed, the values of the friction moment
and the external torque are the same.

Discussion and Conclusions. The dependence is found for calculating the minimum number of friction pairs
of the main friction group. It is shown that with this minimum, the gain factor used to implement the “ideal” load char-
acteristic of the SFC does not exceed the maximum permissible value, even if the value of the friction coefficient is
maximum.

A fundamental model of SFC is presented, in which negative feedback does not function at the minimum
value of the friction factor. In the basic scheme of modernization of the basic version of SFC, at a minimum value of the
friction factor, the negative feedback is absent to increase the operation accuracy and the rated load capacity.
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