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THE STATIC CHARACTERISTICSOF A TORSIONALLY FLEXIBLE
METAL COUPLING

Summary. The paper presents a description of test standstta methodology of
determining the static characteristics of a metaipting of high torsional flexibility. In
addition, the paper presents preliminary testsltesthich enable to determine the above
characteristics.

CHARAKTERYSTYKI STATYCZNE METALOWEGO SPREGLA
PODATNEGO SKRITNIE

Streszczenie. W pracy przedstawiono budewiowego rozwjzania konstrukcyjnego
metalowego spegta o duej podatnéci skrtnej oraz opis stanowisk badawczych i
metodylk wyznaczania jego charakterystyk statycznych. Zaprwano take uzyskane
wstepne wyniki bada, pozwalagce na wyznaczenie wymienionych charakterystyk.

1. INTRODUCTION

The conditions of work of power transmission systeused in building, road and mining
machines where the transferred torque is in mastceandomly variable require the use of couplings
of high torsional flexibility. Such couplings aresistant to specific loads. The proper torsional
flexibility may be achieved by means of a solutit@veloped in the Institute of Mining Mechanisation
at the Silesian University of Technology. The p&tdnconstruction of a torsionally flexible metal
coupling has been described in literature [2,3,4].

A torsionally flexible coupling is characterised bpecific elastic and damping features, which
have a basic influence on the performance of thweepdransmission system due to the change of run
and stabilisation of torsional vibration and thaddorque. The use of torsionally flexible coupsiraf
unknown characteristics may lead to the incorremfggmance of the whole power transmission
system. Thus, it is vital to determine the statid alynamic characteristics of torsionally flexible
coupling. Such knowledge will ensure the correctrkwvof the power transmission system of the
working machine.

The constructive analysis of torsionally flexibleuplings, the majority of which has a complex
construction and contains flexible connectors ofgito-chemical features hard to define, leads ¢o th
conclusion that the most proper and advantageoyoivdetermining the characteristics of torsionally
flexible couplings is to carry out tests with theewf proper testing stands.
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2. RESEARCH AREA

The tests were carried out on one of the consteictiroposals of a new, one-directional
torsionally flexible metal coupling (Fig.1), whetke torque is transmitted from the active to the
passive by means of a nut with two screw jointse Sbrew joints are placed between the externally
threaded input shaft (1) and the nut (2), whiclo dlas a screw thread on the external cylindrical
surface. The external screw thread co-operatesthdlinternal screw thread in the housing (4). Both
screw joints have different directions and pitchEse pitches of multiple threads are big enough so
that the lead angle is bigger than the frictionlargr the screw and nut materials [3, 4].

The resistance of a properly chosen set of disknger(Fig.1, position 3) and the rotary
movement of the input shaft makes the springs ptiessnut. This leads to the increase of the
component of force in the circumferential directiom the screw thread. The increase of this force
causes the increase of the torque, and when ihesathe running torque of the machine, its rotary
movement, which is at the same time the working eneant begins.

Fig. 1. The prototype of one-way flexible torsiosalipling, a — view of the coupling, b — deposiéibdrawing
of the coupling, where: 1 — driveshaft, 2 — scremvwith inside and outside thread, 3 — disc sprsgjs4 — inner
thread housing, 5 — left cover, 6 — output cover,régulatory ring, 8 — disk sealing up, 9 — s&@l- cone
bearings, 11 — thrust bearing, 12 — cone bearit®)s, sealing ring
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Rys. 1. Prototyp jednokierunkowego sgita podatnego skinie z dwoma gwintami, gdzie: 1 — wat wapwy,

2 — naketka z gwintem wewegtrznym i zewrtrznym, 3 — zesp6t spryn talerzowych, 4 — obudowa z gwintem
wewretrznym, 5 — pokrywa lewa, 6 — piasta $gipwa, 7 — piefcien regulacyjny, 8 — tarcza uszczelnicg, 9 —
uszczelnienia, 10 —tysko stakowe, 11 — taysko wzdhine, 12 — taysko stakowe, 13 — pieitien
uszczelniajcy

Temporary overloads of the working machine caubesaidditional compression of the elastic
elements, and underloads lead to their elastiocvezgoWhen the power transmission system is turned
off, the nut pressed by the springs returns tgitdiminary position on the input shaft. When the
preliminary compression of the nut is big enougt #ie system has been turned off, the nut retarns t
its initial position.

The torsional angle of the coupling elements calmethe nominal load between the input and
output may be quite significant and reaches eg.ful turn of the input shaft (active) before the
output shaft (passive) begins its rotary motione Tdonstruction of a torsionally flexible metal
coupling has been described in previous papershengatent description [3, 4].

The tests were carried out with the use of couplwgh four different sets of disc springs. The
choice of these sets was based on the analysis®fsdrings characteristics arranged in packs and
forming sets. The sets were chosen so that withm@wemum torque momemiimax= 100 Nm, the
springs would work below the accepted working ratigat is 75% of the maximum deflection.
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Table 1 contains the data regarding the disc sprusgd in the coupling and the sets that were
placed in it.
Tab. 1
The sets of the disc springs used in the coupling

. . , The number of
Coupling Type of disc springs sprinas in the The arrangemen
Number DIN 2093 pring of the pack
pack
1 40x20,4x2,5 5 <LK >>>>>
2 40x20,4x2,5 4 <LK >>>>
3 40 x 20,4 x 2,25 4 <LK >>>>
4 40 x 20,4 x 2 4 <LK >>>>

3. DETERMINING THE STATIC CHARACTERISTICS OF THE COUPLING

The static characteristic of a flexible couplingaiglependency of the torqivobr, which turns
the coupling by the specific angle of rotatignbetween the active and the passive element of the
coupling. The changes of the torque in this caselsibe very slow.

Mobr = f () 1)

where:Mobr — the torque moment on the flexible coupling, Nm relative angle of rotation of the
coupling elements, radian or degrees.

The shape of the static characteristics dependteconstruction of the coupling, the material
used for the flexible connecting link i.e. the élagamping system and the very shape of the
connecting link. In case of couplings with flexitdebber elements or elastomers which are most
commonly used in power transmission systems of imgrknachines, the characteristic is nonlinear
with damping which makes it hard to choose the @ramupling for the power transmission system
[1,5,8].

3.1. Thetesting stand and methodology of determining the static characteristics of aflexible
coupling

The testing stand used to determine the staticactexistics of a coupling is used to test the
mechanical couplings built in the Institute of Migi Mechanisation at the Silesian University of
Technology, as shown in Fig.2.

The electric motor (1) powered by the inverter, abhienables the smooth regulation of the
rotational speed from 0 + 1700 rifinis connected with the tensometric torque metpuged to test
the torque momerilobr = Mstat The value of the measured torque is read anddeddy means of
a computerised measuring apparatus (7) of type SEdduced by National Instruments. One of the
elements of the tested flexible metal couplinge tlousing (2) is directly attached to the outpuatftsh
of the torque meter. The other element of the dogpl the output shaft - is attached to the hydcaul
disc brake (3) which is controlled from the presssupply system (4).

The output shaft of the coupling i.e. the passieenent of the coupling is attached to the rotary
disc with an angular scale 0°+360° (6). An indicgtneedle attached to the coupling housing was
used to read the relative angular displacemeriteoblement® = @a:
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When the coupling is secured at the testing stgnddmns of a fully blocked hydraulic brake, one
of the elements of the flexible clutch may no lanfyen. The electric motor is activated by means of
an inverter and the static torghtk, is gradually increased. The torque moment chaagesy 10 Nm
in order to reach the maximul,,x= 100Nm. At the same time the relative angulapldisement of
the coupling elementss,: On the angular scale of the disc is read by meérms indicating needle
attached to the movable housing. The precisioh@f¢ading is + 1°. The readings of the dependency
of the torqueMg,; ON the relative angular displacement, is carried out with and without the load.
The aim of this procedure is to determine the hasie loop which presents the value of the
mechanical energy damping in the coupling.

Control system of
hydraulic brake o

Frequency inverter

Torque moment meter I

ive angular dis 1t meter

Fig. 2. The testing stand used to test the mechboiuplings, where: 1 — electric motor, 2 — tedtexible
coupling, 3 — hydraulic disc brake, 4 — controltsys of hydraulic brake, 5 — torque meter, 6 — dith
an a angular scale, 7 — measuring-recording set

Rys. 2. Stanowisko do badania siet mechanicznych, gdzie: 1 — silnik elektrycz@y; badane spegto
podatne, 3 — tarczowy hamulec hydrauliczny, 4 -adidterowania hamulcem hydraulicznym, 5 —
momentomierz tensometryczny, 6 — tarcza z podgiaftowa, 7 — aparatura pomiarowo-rejescg

3.2. The gtatic characterigtics of atorsionally flexible metal coupling

The tests enabled to determine the basic statiactamistics of the four options of a torsionally
flexible metal coupling for spring sets as showraible 1. Figures 3 are the graphic illustratiorihaf
determined static characteristics of different apsi of the coupling. The determined static
characteristics of the torsionally flexible metadupling are linear with damping of coefficient
r=0,98.

When the coupling characteristics are linear asdlabtained in the tests, we can determine the
coefficient called the torsional rigidity of the uwqaing k for each of them. For the determined linear
static characteristics, the dependency is expresséallows:

k = M stat (2)

stat

where: Mg,y  — the static torque moment on the coupling, dig— the corresponding relative
angular displacement of the coupling elementsiaradr degrees.
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Fig. 3. The illustration of some static charactarssof torsionally flexible metal coupling, whei@:= coupling

nr 1, b — coupling nr 2, ¢ — coupling nr 3, d —pling nr 4

Rys. 3. llustracja charakterystyk statycznych exthropcji metalowego spgta podatnego skinie, gdzie: a —

sprzgto nr 1, b — sprggto nr 2, ¢ — sprgto nr 3, d — sprggto nr 4

The flexible metal coupling is not only rigid butalso absorbs energy. The histeresis loop was
obtained during loading and unloading and it presgthe histeresis losses of the mechanical energy
in the coupling called damping. In the flexible aletoupling damping is achieved by means of

constructive friction in screw joints mainly.

The value of the mechanical energy damping in thepkng is specified by the damping

coefficient that is determined as follows:

:ﬂ
wAs

(3)
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where: A, — damping during one working cycle, Nodegrees, As— elastic strain during one work
cycle, Nm[degrees.

The obtained torsional rigidity coefficients as wa$ the damping coefficient for the tested
options of the torsionally flexible metal clutchegresented in Table 2.

Tab. 2
The obtained torsional rigidity coefficiekiand
the damping coefficieny

. . The torsional rigidity] The damping
?\IOL:ESZ? Tyser% f dS'SC coefficient coefficient
u pring K, Nm/° W
40 x 20,4 X
1 25 1,77 0,20
40 x 20,4 x
2 25 0,80 0,33
40 x 20,4 X
3 2.25 0,67 0,45
4 40x20,4x2 0,45 0,47

4. SUMMARY

The preliminary tests carried out to determine gtagic characteristics of a torsionally flexible
metal coupling lead to the following general cosabas:

— The proposed testing stands as well as the metbgylalf the static characteristics test enable to
quickly and correctly determine the static chanasties with acceptable precision and
repeatability of the achieved measurements results.

- The determined static characteristics of the toelg flexible coupling are linear with damping
of linear correlation coefficient r = 0,98.

- The position and slope of the static charactesstiad values of the torsional rigidity and
damping coefficients are strictly linked with th@péication of the disc springs sets in the
coupling, the more rigid the springs the greatesitmal rigidity of the coupling and the lower the
damping coefficient.

- The coupling characteristics can be shaped by rihygep choice of disc springs sets, though one
has to take into consideration the condition ofgheper performance of the spring i.e. up to 75%
of its maximum strain.

— The torsionally flexible metal coupling enablesftiiain significant angles of the relative angular
displacement of the elements even up to a few lghdlegrees; the obtained angles are
determined by the applied sets of disc springs.

The presented conclusions clearly indicate the tdggous features of the presented constructive
solution of the flexible coupling. None of the maaltal couplings which have been used so far in
road, building and mining machinery has the abadveracteristics and the static characteristics as
those mentioned above.

Classic flexible couplings enable to obtain angiEmutual torsion only up to a few degrees, in
most cases with difficulty to describe nonlineaarmgtteristics.
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