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DESIGNING OF A CENTRIFUGAL FRICTION
COUPLING WITH A FORCE TRANSFORMER

Abstract - Mechanical devices, as a rule, consist of the source of motion, transmission gear, working machine and
connecting mechanical couplings.

Among the large variety of mechanical couplings the special place is occupied by centrifugal couplings in that the
transmission of motion between semi- couplings comes through by centrifugal forces of inertia. Application in the machines
of such couplings facilitates their operation, allows to disperse mechanisms and machines with the large moment of inertia,
saving reliability and safety of work of source of motion (asynchronous electric gears, combustion engines and so on) here,
promotes the smoothness of starting of machine and other.

The special place among centrifugal couplings is occupied by couplings with the transformers of inertia forces. The
new, more improved constructions of these couplings are offered by the authors of this work and in particular the
fundamental chart of the construction that is given in this work as well. The given work is devoted to planning of centrifugal
friction coupling with the wedge transformer of efforts. The work consists of introduction, where the general research task
with the purpose of planning of coupling. In the second part the physical model of the prospected object is made and basic
geometrical parameters, that are subjected to determination, are set. The third part of the work is devoted to drafting of
mathematical model of task taking into account bending resistance of separate details, wearproofness of the attended
surfaces, and also mass-inertial descriptions of separate parts of the studied object. Methodology of determination of value of
the parameters included in a mathematical model of the set problem is offered as well.

Keywords: coupling, centrifugal force, geometrical parameter, physical model, mathematical model, specific
pressure, mass, force of friction, barycenter.

P.B AMBAPLIYMSIHIL, U.1. AEJIN

O/:leCCKaﬂ HalMOHaJIbHAasA aKaJACMHUs IMMUIIEBBIX TEXHOJIOTHI
IPOEKTUPOBAHME LIEHTPOBEKHOM ®PUKIIAOHHOM MY®ThI C IPEOBPA3OBATEJIEM YCHJIAIA

Mexanuyveckue ycmpoticmea, Kak npasuso, COCMosim u3 UCMOYHUKA O8UXCEHUS, Nepedamo4yHO20 MexaHu3ma, paboyell
MAWUuHbl U COEOUHUMENbHBIX MEXAHUYECKUX My¢dm.

Cpedu 60/1bW020 pasHOO6PA3USl MexaHUYecKux My@dm ocoboe Mecmo 3aHUMAOM YeHmpobedcHble My@dmbl, 8 KOMOPbIX
nepedava 0susceHusi Mexcdy NoAyMy@mamu ocywecmesisiemcs: YeHmpobexcHuIMU cuaamu uHepyuu. IIpumeHeHue 8 MAWUHAX MAKUX
Mydm ob6aezuaem ux ynpagaeHue, N036805em pa32oHsMb MEXAHU3Mbl U MAWUHb! € 60IbWUM MOMEHMOM UHEPYUU, COXPAHSIS NPU IMOM
HadexcHocmb U 6e30nacHocms paboms! UCMO4HUKa dgudiceHust (ACUHXPOHHbIE 31eKmpodeuzamenu, 08u2ameau 6HympeHHe20 c20paHusi u
m. n.), nogvluwiaem naagHOCMsb NycKa Mawutsl u op.

Oco6oe mecmo cpedu yeHMpobexicHbIX My@dm 3aHuMarm mMyg@msl ¢ npeo6pazo8amensMu UHEPYUOHHbIX cu. Agmopamu amoti
pa6omol npedioxceHbl HOBbIE, 60.1ee yCo8epueHCMBOBAHHbIE KOHCMPYKYUU MAKUX My@dm u 8 4“acmHOCMu KOHCMPYKYUsi, NPUHYUNUAAbHAS
cxema komopol npedocmas.ieHa 8 amotl paéome.

/JlanHasi paboma nocesweHa NpoeKMupo8aHulo YeHmpobexcHol GpUuKYUoHHOU My@mbl ¢ KAUHOBbIM hpeobpazosamesem
ycuauti. Paboma cocmoum u3 esedeHusi, 20e 060CHO8AHA 3ada4a UCCAe008AHUS C Yesbl0 NpoekmuposaHus mMydm. Bo emopoii uacmu
cocmasaeHa @usuveckas Modeab uccaedyemozo 06sekma U yCmAaHoeJeHbl OCHOBHble 2eomempudeckue napamempbsl, noodjexcaujue
onpedenenuro. Tpembsi yacms pabomsl NOC8AUEHA COCMABAEHUI0 MameMamu4eckol Modeau 3a0ayu ¢ y4emom u32ubHol npouyHocmu
omodenbHbIX demadell, U3HOCOCMOUKOCMU CONPSNCEHHbIX NOBepXHOCMell, d Makice MAacc-uHepyuoOHHbIX XAPaAKmMepucmuk omoeabHbiX
uacmetl uccaedyemozo o6sekma. llpedsoxcena makxice memoouka onpedeseHus 3HaYeHUs NAPAMEMPOS, 8X00AUUX 8 MAMEMAMUYECKYIO
Modes1b nocmas/ieHHoU 3a0ayu.

Karwuesvie caosa: mygdma, yenmpobesxcHas cuaa, zeomempuveckuil napamemp, ¢usuveckasi modeab, Mamemamuyeckas
Modesb, ydenvHoe dagieHue, Macca, Cuia mpeHust, yeHmp Macc.

The centrifugal friction couplings (CFCs) are widely used in machines, machines-automats, centrifuges,
homogenizers etc., possessing a large moment of inertia. Application of such couplings prevents the overloads of
engines at the moment of starting, diminishes the dynamic loadings in knots and details of machines and thereby
increases reliability and durability of their operation.

Most perspective from the point of view of reduction of time of operating machine acceleration there are
CFCswith aforce transformer of out of centrifugal forces.

In the article [1] a fundamental concept and method of calculation of the basic geometrical parameters of
CFC with alever force transformer are brought. However, among the positive signs of such couplings there is one
undesirable defect, namely comparatively large longitudinal dimensions which are predetermined by the sizes of a
lever force transformer. In addition there is complexity at assembling and mounting of a coupling at a place. It is
explained by the fact, that as a separate assembly unit, this construction of a coupling cannot be realized.

The new construction of CFC, protected by the patent of Ukraine [2], is offered for the excepting of these
defects. On fig. 1 the semi constructional scheme of such coupling is presented in two projections:

A drive half-coupling consists of input shaft 1, on which fingers 5 are st athwart to the longitudinal axis of
shaft 1. A drive shaft by the one end is connected with the shaft of engine, and by the other end is connected movable
with a drive half-coupling. On fingers 5 are placed weights 2 with the number of z which are soring-loaded by the
springs 4 of compresson. Weights 2 are sectors of the circle (see fig.1b) with a central angle y. A top part of the
sectors 2 in a cross-section has the appearance of trapezoid with an angle 2o between the sidewalls of friction. Springs
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4 are set to prevent arbitrarily displacement of welghtsto the shaft 1 at the shut-down source of mation projections.
The basic geometrical sizes of a coupling are:
d., d, — diameters of shafts of driving and driven half-coupling;
d., —middle diameter of driven half-coupling;
ry, r, —radiuses defining boundaries of the dloping sidewall of weights;
¢ — base width of the trapezoid,
M. — mass of weights.

For the devel opment of
a such coupling construction it
is necessary to know the
diameters of d,, d, shafts, mass

of weights m and their

amount z, base width ¢ of
trapezoid, diameters of fingers
d,, on which the weights are
placed and height h,, length h,
of fingers excluding landing
part in the shaft 1.

As basic data must be
set followings:

- motioned on the
shaft of driven half-coupling an
equivalent moment of inertia of
an operating machine |,
(kgm?); a) b)

- time of Fig.1. A centrifugal friction coupling with the wedge for ce transfor mer in two projections
acceleration t, of a driven half-coupling (sec);

- frequency of rotation n, or angular velocity W, of adrive shaft of a coupling (min™ or sec™?).

As squirrel-cage induction motors in which starting timeis fleeting in comparison with time of accel eration
of CFC are used in most operating machines, so it is possible to accept assumption as follows

w, = PN — const. )
30

As marked before, CFCs are used in machines with the large moment of inertia of the rotating masses with
a constant angular velocity. The variable moments of inertia, if those would be in such machines (associated units
allowing during the operation to change the values of some kinematic and geometrical parameters), can result to
changeability of moment of inertia not more than 1...2 % from the total moment of inertia. Therefore it is also
possible to accept in subsequent cal culations that

I, =const. (2
We also consider an operating moment of resistance on a driven shaft to be set as
T =T,(t). ©)

For providing of necessary durability and resistance to wear of details of a coupling in further calculations
we take into account the maximal value of moment of resistance
Tc :Tsmax =const (4)
Under the assumptions made, the maximal torque of resistance on the shaft of a driven haf-coupling, we
define from the expression:
Tmax = Inemax +TC’ (5)
where e, isamaxima value of angular acceleration of a driven half-coupling in the period of acceleration.
Whereas, time of acceleration on a driven half-coupling is much more than time of acceleration of the
induction motor, so it is possible to consider the dynamics of a driven half-coupling as a single-mass rotary system
with the equivalent moment of inertiaas |, and the equivalent moment of forces M, =M, - T,,where M, isa
moment of friction between weights and a driven half-coupling. For determining of a moment of friction we will
take advantage of methodology [3].
We find the area of friction between one weight and a driven haf-coupling. We sdect at disgance r

increment d, . So that elementary areais dA=yr d, . Theintegral of this expression alows to get

\ 2 l T l dC
OjA:y Q rdr =Eyr ? rl2 :Ey (rzz' rf):o,gy 7p(r2' rl)' (6)
A

Whereas, the area of contact of weights with a driven half-coupling is two-sided and tilted in relation to a
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vertical lineat an angle a , we will write down finally

2 2
A :M_ (7)
cosa
Norma eementary force from the distributed |oad on the surface of friction is
dN =qdA, ©)

where  q isspecific pressure on the surface of contact.
We accept the first version about constancy of specific pressure as g =const [3], then integrating that
expression (8) we will get

SN = anda = o Y (7 1)
N=gN=qpA=g——". 9
oiN=d n a cosa ®)
Centrifugal force of inertia, resulting from mass of oneweight is
F, =mw’r,, (10)

where 1, isradius of centre-of-mass of aweight.

i . ' 2 .
If height of weight h_, so that we accept radius 1, » 1, - —h_. Then expression (11) takesthe form as
c 2 3

2
F, =mw.(r,- $h).

As the second version was accepted about the distributed load [3], so the resultant load out of the
distributed load is possible to consider as operating in the center of surface of friction. Then, as follows from a

computational scheme (seefig. 1, a) 2N sina = F, . From hereit follows that

2
2 J—
N _ Fu _ rana (rz 3 hr) - (12)
2sina 2sina

For providing of necessary resistance to wear of the mating surfaces inequality as q£[ p] must be

provided, where [ p] is the allowable specific pressure for the conjugate bodies [4]. Then founding on (9) and (12)
wewill get

2.0
W% - “h%toa
rnra%Z 3 gg

rZ _ rZ 3 (13)
2 1
2% [p]
According to the Amontons and Colons law for friction force in awedge slide-block we will gain
2
fmw’(r, - =h)
F =2fN= -3 (14
2sina
Forces of friction create atorque on a shaft of a driven haf-coupling as
2
2
: o _ Zfrana (rz - §hr)dcp (15)
T =7F = : .
® T2 sina
For providing of acceleration of a half-coupling theinequality must be provided as
TTp 3 Tmax ) (16)

Conseguently, to provide necessary strength of details of the examined congruction of a coupling all
calculations must be conducted by maximal value of a moment of friction. From the expression (5) it follows, that for
further calculations it is required to have the value of the maximum accderation of a driven half-coupling at the
accd eration. The compression prings can be designed basing on the condition of the force equilibrium of weight of
weights so that in the moment of garting of engine weights would not almost adjoin with the surface of wedge dat. It
will allow to eliminate the occurrence of hard hitting at the moment of starting and to consider that the coefficient of
static friction does not appesar. In this assumption we can assume, that the angular velocity of a driven half-coupling

increases evenly till the achievement of value w, and its angular accel eration can be defined by the next expression

—_ _Wa
e=e, =—2. (17)
tp

Taking into account the inequality (15) write down

2 w
fZ(I’l+I’2)er§(I’2- §hr)=|nt_a+Tc' (18)
P
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The maximal value of the moment of friction allows to find diameters of d, and d, by the well-known for us
methodol ogy [3]. Fingers on which weights are set operate devel oping deformation of bend. We can define the diameters
d I+
of weights, considering them as a cantilever beam, the length of whichis h, » 7"" = 172 Wehave[5].

|v|m_2FTph1 [ ]

S " W - p d3 (19)
P n
32
On the basis of the expression (13) we will write down that
mw? Y, - 2 hctga
v 3 &% 3 5
(rz - 1)_
2 2% [p]
From here, passing to equality, we will get that
2.0
W%, - “nctga
_ rnr a 8 2 3 ﬂ g (20)
Ty [p-n)
The expression (18) taking into account (14) will be as follows
2
32fm wi(r, - = cosa
m,w; (1, 3hﬂp] £fs.]. (21)

pdy (r,- 1)
Thus, for finding the parameters alowing us to construct CFC with a wedge force transformer it is possible
to use the system of equalizations:

deCprnfwj 2 — Wa U
— (- Zh) =1, —=+T
sina 3 t, i

y (22)
i

32 fmwA(r, - ghr)[ p] cosa
. £[s,]

pdy (r,- 1)

r
Let write: | =-2, then d,, =(1+I )r1 and the expression (20) will be as follows
r1

2
_2mwl(r,- Sh)
rZ= ctga.
Yoy (°-[p|

2p

Asarulg, it ispossible for the number of weightsto be set asz Then it is possible for thisvaluey £ —to
z

(23)

be set by the inequality (22), so that a assembling in the lower end position y
of the sectors the maximum torque of the combined weights would provide

the inequality asfollows d_, £ 2r, (seefig. 2).
Specific pressure for the chosen materials is a known value. Set the

valueof | inboundariesas L1£| £1,35, andtheanglevalue a fromthe x
statement excepting wedging, then from (22) we will get S
2
2mwZ(r, - £h,)
) = 0 ctga . (24) | , )
4y p Fig. 2. A sector in the lower end position
Correspondingly

d, =(1+1)r{

P =) @)

r,=ln b

In the system of equalizations (21) there are five unknown values: z,m,d ,h.y . On the basis of
constructive reasons, it is necessary to be set avalue h. according to the inequality

h3n-n=n(-1. (26)
Then from the first equalization of the system (21) we find

BicHuk Xme/nbHUYbK020 HayioHa/1bHOo20 yHigepcumemy, Ne5, 2015 (229) 15



Technical sciences ISSN 2307-5732

2(1,—2+T,)sina

" fz@+1 )rw?(l v, - gn) T D@ - 2h)

w,
t 6(1 w, +T.t,)sina @7

From the second equalization of the system (21) we will get
32fmw?(l r, - ghr)[p]cosa
3 £[s.].
pdy (I -1)

It follows from here that

4 s 32fmw?(3 r, - 2h)[ p]cosa
3 .
3y (I -Y[s,]

In conclusion it is possible to say, that the calculation of CFC with a force transformer will allow to design
and manufacture such a construction. The coupling, shown on figure 1 by the construction, assembling and
mounting is more simplified in comparison with other CFCs with a force transformer. From the theoretical
calculations it is evidently, that functionality and capacity of the coupling will allow to increase reiability and
durability of machines operation.

Example.

We are set by the basic data from the constructive point of view as follows:

I, =0,5kan*;t, =10c;n, =100006 / mun; T, =5Hwm;a =15%;1 =1,2; f =0,15;r, =0,05x;
[ p] = 4Mna;[s ] =160Mna;z=4;h. = 20mm.
Find the mass of the weight by the expression (27)
_ 6(lw,+Tt)sna 6(0,5%04,7 +5x0)0,2588
m fz(1+1 )rle(3l r,- 2h) 0,15x4(1+1,2)0,05x104, 7(3%,2>0,05- 2>0,02)
Find the diameter of the finger on which the weight moves due to force of inertia by the expression (28)
4 s 32fmw?(3 r, - 2h)[ p|cosa
n 3 .=
3y (I -9[s,]

_ §/32 0,150, 235404, 73(3:4,2>0,05 - 20,02)4>0,9659 _

(28)

=0, 235«ke.

3,1vum
3x3,14>0,785(1,2 - 1)160
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