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Summary. The article brightens scientific problem
concerning the new ball coupling, which can be used in
different branches of engineering. A comparative analysis
of the results of research known freewheel. The design
features a ball coupling on the basis of which it is easy to
create a torque limiter evenly tightening bolted
connections of various machines and mechanisms.
Prepositional necessary analytical fallow that describe the
basic values of the forces off the torque limiter, which
have become a benchmark for the development of a new
design, which received a patent of Ukraine for utility
models. Shows a schematic design of torque limiter,
which is based on the known developed ball coupling s
full description of its constituent parts and principle of
operation. Based design features selected design scheme,
which allowed for a mathematical model for the analysis
of the power unit. Analytically describes the amount of
force that acts on working balls at the beginning of the
release of their engagement with the groove of the driven
coupling half, i.e. an analytical expression effort off the
clutch. On the basis of the formulas A quantitative
analysis of the impact force of the spring by the amount
of torque limiter for different angles of inclination
grooves of the coupling halves. Made confirmation of the
classical position that the dependence of torque limiter the
wire diameter of the spring is the value is not linear. On
the basis of current research findings and made practical
recommendations for the implementation of the results of
research opportunities in industry engineering.
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INTPODUCTION

Question to improve of quality, reliability, durability
and efficiency of machines and mechanisms is closely
linked to the need to improve, modernize and improve the
quality of their individual components and assemblies.
One of the important elements of machines and
equipment are safety couplings. These improvements may
be due to the modernization of existing safety clutches,
and the creation of new safety clutches.

THE ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Commonly known safety clutches, which operate
without destroying the connecting elements, primarily
transfer energy through friction [1-5], that is separated at
the end of the shaft torque increased to unwanted values
by slippage of the clutch driving towards [6-8]. They are

known as freewheel or overtaking [3-8]. As first as these
mostly transfer energy through friction except ratchet.
This circumstance requires constant follow-largest force
springs and tightening her time to adjust.

Moreover, increasing the workload of safety
couplings requires rigid springs, which leads to an
increase in the size of the devices, which is not desirable
in the case of such couplings in the kinematic chain of
portable instruments, for example, nuts, which are used
during assembly and disassembly or repair operations
threaded connections. And overtaking car starters
couplings stiffness springs advantageous to have economy
mode to provide more accurate off sleeves. Such opposite
problem prompted the author and other experts of
Mechanical Engineering and Transportation to develop
preventive ball joints [9-10] on the basis of overtaking
and overtaking with ball joints [11-16]. In this case the
other transmit torque from the driving to the driven
coupling not due to friction and gearing balls that are in
the same slots as these coupling [17-20].

Developed at different times, such couplings
acknowledged as a new and were patented. Some of them
were put into production and learning process.

The preliminary analysis of kinematics showed that
the rest of the couplings can be effectively used as a
device for limiting torque wrenches or in the transmission
now only from the electric starter gear crown wheel to the
crankshaft main engine, but never vice versa. It is clear
that the process of implementation of any mechanical
means requires a comprehensive study of kinematics —
force parameters and perform calculations on the strength
of all the elements that are involved in transmission of
torque.

OBJECTIVES

The purpose of this paper is to analyze the interaction
of force balls with side surfaces of grooves coupling
during off couplings, i.e. the performance of the
automatic operation of separation ends of shafts of light
friction between contacting elements in order to better
select and customize the settings of spring time off
clutches after shutdown energy.

THE MAIN PART OF ARTICLE

The paper summarizes the advantages and
applicability of the prerequisite ballpoint overload clutch
(Fig. 1), which operates on the principle overtaking
clutch.
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Fig.1. The structure of the torque limiter bilateral steps:
a — general view in context; b — section A-A general view; ¢ — of the driven and driving coupling

It can be applied in practice for the mechanization of
processes, for example, tightening of screws threaded
connections with effort desired value during assembly and
disassembly operations of various technical means.
Developed clutch still has the main advantages: it makes
manufacturing technology and its operation significantly
easier, requires careful handling work surfaces lateral
surfaces of grooves coupling; transmits torque through
gearing, smaller size and strength delaying spring;
suitable for tightening and unbolt thread connection right
and left thread and others.

Its disadvantages include increased requirements for
convergence of the initial allocation of slots coupling and
their inclination to agree with the direction of rotation of
the executive instrument, i.e. the direction of rifling.

The structure of the torque limiter or tightening force
nuts threaded connections has: driving coupling 1 of
grooves 2, with two sloping surfaces 3; driven coupling 4
of grooves 5 which are also inclined surfaces 6 under the
same angle as the in the leading coupling; balls 7, located
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both in the grooves of driving and driven coupling; screw
drive 8, which nestles on the balls spring 9; adjusting nut
10, the ball 11 for centering, housing 12 with screws 13
for fixing it.

Its device is effective because it allows tighten nuts
threaded connections with right and left carving.
Moreover, he can function well with any source of rotary
motion, particularly because it can easily change the
direction of rotation. It could be an electrical current that
has a switch to the movement, or other special wrench
etc.. In this case the device to its right end can be secured
in a holder an electrical outlet while inserting driven
coupling useful tool. Allow you to use a wide range of
tools: screwdrivers, wrenches, drill, etc. The value of
torque is set by adjusting nut that with the right force
compresses the spring that holds the ball in the grooves
driven coupling. To increase the torque or force
tightening screw joints during assembly operations more
nut enough to click on the spring.
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The principle of overload clutches like overtaking
and is evident from its design. However, in it work is
some of the features. Therefore, we consider the process
of clutch operation, starting with its working condition
(Fig. 1, a), i.e. when it rotates as a unit and the torque
applied to the manufacturing facility of execution given
operation, i.e. in case of nuts, is tightening the nut to the
desired reassigned efforts. With the growth of the moment
resistance of the nut axial component of the total force
overcomes the elastic force and the spring pushes the ball
out of the groove driven coupling, thus separating the end
of the shaft. Coupling becomes idle. This process is
accompanied by some knocking, which facilitates the
completion of the process. More fully working principle
of the device described in [8].

Here again, remember that a full cycle of operation
ballpoint overload clutch can be divided into four specific
parts:

- entrance balls in grooves driven coupling, its
switching;

- working condition couplings,
technological operations;

- out balls with grooves driven coupling it off;

- slip balls on the ends driven coupling (idling).

Of course, the interaction force between the clutch
parts in different modes of work is changing, the laws
which must precisely know the first stage in the design of
safety devices, which require adjustments of torque with

perform basic

a

high accuracy. It is clear that one of the keys to
identifying the desired accuracy of analytical adequacy
ratios is dynamic schemes that wunderpin this
identification. So when determining the value of the
torque necessary to consider the manifestation of friction
at the points of contact of the ball grooves coupling work
surfaces. Then the significant factors can additionally
become more cross-sectional shape and orientation in
space grooves movement of balls that can be made of
different types of cutters. Here we consider only
important process timely completion tightening nuts when
clutch is overloaded and begins to shut down. Strength of
interaction in this case is shown in Fig. 2.

For a visual comparison of two cases is, that in Fig.
2, and shows all the forces acting on the ball if the friction
between contacting elements can be neglected. It is during
the previous calculations. An in Fig. 2, b — a similar
process, however with the friction. It should also be noted
that throughout the process considered off clutch balls are
still within the grooves driven coupling.

But more common is a condition of early release
balloons with these grooves when the balls start to put
pressure on the clamping ring draw toward it and
compressing the spring. Then there are already efforts
elastic springs F,, and — the total force acting on the ball

by semi-coupling Fig. 2, b.

Fig. 2. Power interaction between the ball and side surfaces of the grooves coupling during off coupling:

a — friction is not included, b — considering friction
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From a design scheme (Fig. 2, b) derive obvious ratio
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and assuming that o'=a'"=a the expression (2)

beneficial simplified and, in particular, becomes public

R=FR=F, appearance:
Fx’ + I:x”: Fn '
p |:n :L, (3)
v 2tg(a—p)
Fl n
T=En=H=19p, - .
RK confirming the reliability of the research results.
A characteristic of the spring is determined by the
o dependence:
Fﬁ:sm(a’—p),
,Gd Atg(a—
E C=3 w , (4)
i
=< =tg(a'-p), te
F g(a'-p)
for which appointed need spring.
! , According to the analytical expressions (1)-(4)
F":tg(a _P)- (1) Quantitative analysis of the impact of basic geometric

t

After solving the system of equations (1) received
important for this case the relationship between the
driving (circular) force that depends on the magnitude of
the torque, which rely sleeve, elasticity and strength
springs in such general terms:

Gd:a

design parameters developed by the amount of torque on
the following initial values: the diameter of the circle
center balls D, =50 mm; the number of balls i =4 balls
diameter d =10 mm; wire  diameter  springs
d, =0,5...4 mm; axial deformation of the spring is equal
to the depth of the groove | =4...10 mm; spring average
diameter D =45 mm; number of turns of the spring

F = , _ —. (2) Working i, =5.
tg(a' - p)+1g(a” - p)8D%i, Results of quantitative analysis of the relationships
between the elastic force of the springs and wire diameter
Designating: and torgue are respectively in Fig. 3 and 4.
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Fig. 3. The relationship between the strength and elasticity of the spring torque clutch operation
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Fig. 4. The relationship between the diameter of the wire springs and torque clutch actuation « =45

CONCLUSIONS

1. The analytical expressions (2) (3) and (4) have
practical value, which is the ability to choose convenient
geometric parameters and the desired characteristics of
spring stiffness, knowing only the specific loading factors
of the device, i.e. the desired value the efforts of previous
tightening of screws threaded connections.

2. The results of the power analysis can be an
important basis for further research and calculations on
the strength of elements not only safety, however also
overtaking couplings used in various fields of
engineering.

3. Determination of the maximum torque or
transmitted is proportional to the strength of the elastic
springs. What does the angle of inclination of the working
surface grooves moment torque value decreases, allowing
the use of softer springs, or with greater force to tighten
adjusting nut.

4. The diameter of the spring wire has a cutting effect
on the torque transmitted.

5. In general it can be argued that the proposed
analytical dependence (4) enables a wide range of
maneuver in choosing the standard springs and its
tightening force depending on the desired value of torque
during assembly and disassembly of threaded connections
of various cars and mechanisms.
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YCHWJIME BBIKJIIIOYEHW I OTPAHUYNTEJIA
BPAIITAIOIIEI'O MOMEHTA

E.A. Mazues, B.A. Manamenko, A.O. Bopuc

AnHOTanus. B cratbe paccMaTpuBalOTCs Hay4yHbIE
MpoOJIEeMBI  OTHOCHTEIIEHO HOBOHM  IIapoOBOM  MYy(THI,
KOTOpBIE MOTYT OBITh HCIOJNB30BaHBl B  Pa3IHMYHBIX
oTpacisiax TexXHUKU. [IpoBeieH CpaBHUTENbHBIM aHAIIU3
pe3yIBTaTOB MCCIIENOBAHUN HM3BECTHBIX HAYYHBIX POOOT,
KacaloMMXCs MOJOOHBIX MEXaHM3MOB. ABTOpPBHI ONHCAIH
0COOCHHOCTH KOHCTPYKIWMH IMIapOBOH My(THI, HA OCHOBE
KOTOPOH  MOXXHO  JIETKO  CO3/aTh  OTPAHUYIHUTENb
KpPYTAIIEr0 MOMEHTa Ui PaBHOMEPHOTO 3aTSTHBAHHS
OONTOBBIX KPEIUICHUH pa3IMYHBIX MAIIMH U MEXaHH3MOB.
IIpennaraemslie HE0OX0IUMBbIE aHaJUTUYECKUE
3aBUCHUMOCTH OTHCHIBAIOT ~ OCHOBHBIE 3HAUCHUS
OTKJIIOYAIOIIUX CHJI OTPaHUYHUTENsT KPYTSIIEro MOMEHTA.
CxemaTnueckass KOHCTPYKIUSI OTPaHUYUTENST KPYTAIIETo
MOMEHTa pa3padoTaHa Ha OCHOBE HM3BECTHOTO LIAPOBOM
My()ThI W TOJIHOE OIMKCAHWE €r0 COCTABHBIX YacTel, W
MPUHIUI PabOTHL, H3IOKEHO B cTathe. Ha ocHOBe

KOHCTPYKTUBHBIX ~ OCOOCHHOCTEH  BBIOpaHa  cxema
MIPOCKTUPOBAHHUS, 9TO TI03BOJIMIIO co3zaTh
MaTeMaTHYecKyl0 MOJENb IS CHWJIOBOTO  aHAJIN3a

ycrpoiictBa. BennumHa cumbl, KoTOpas nAeiicTByeT Ha
IIapUKH B Hayaje BBIXOAA MX W3 3aleMJICHHS C T1a30M
BEAOMOH MoryMy(THI, ObLIa OMHCAaHA aHAIUTHYECKH, T.€.
HOJTYIHITH AQHAIUTHYECKOE BBIpa)KEeHHE CHUIBI
BBIKJIFOUeHHsl. Ha OCHOBaHMM TOJYy4eHHBIX (QOPMYII
aBTOPHI IIPOBEJH KOJIMYECTBEHHBIN aHAIHN3 BIUSHUS CHUIIBI
OPY)XHHBl Ha BEIUYMHY KpPYTSIIETO MOMEHTa IS
Pa3MYHBIX YIJIOB HAKJIOHA KaHAaBOK B COEJAMHHUTEIBHBIX

noxymyQrax. [NonTBepxnenuem KJIACCHUYECKOTO
TIOJIOXKEHHS SIBJIIETCS TO, YTO 3aBUCHMOCTD OTPAaHUIHTEIIS
KPYTSIIETO MOMEHTa OT JuaMeTpa  IpYKUHHOU
NIPOBOJIOKM ~ sIBNIsieTcsl  HenuHeWHsIM. Ha  ocHose
IIPOBEJICHHBIX HCCIEOBaHNI C/IeaHbl
COOTBETCTBYIOIIHE BBIBOIBI u MIPaKTUYECKHE

PEKOMEHAALNH, KacalolIrecs BO3MOXKHOCTEH pearn3aliiuu

pe3yabTaTOB B 007aCTH MAITMHOCTPOCHHS.
KitoueBble ciioBa:  OTrpaHUYHTENH

MOMEHTa, TPEHHE, IIapuKoBas My(Ta.
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