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Onucano MeTOAUKY €KCINEPUMEHTAJBLHUX T0CTIIKEeHb CTATUKHU 3’ €IHAHb 3 NPYKHUMU
NPU3MATHYHUMHU IIMNOHKAMM, a caMe 3ajeKHOCTI Mix iX aedopmaniaMu, ob0epTaJIbLHUM
MOMEHTOM i po3MipaMu Ta 3p00JieHO BiIMOBiIHIi BUCHOBKH NOPIiBHSIHO 3 TEOPETHYHHUMU
AOCTITKEHHAMH.

Methods of experimental research of the resilient parallel keyed connections statics are
described by showing dependences between their deformations, torque and sizes, and
conclusions in comparison with theor etical research are made.

Introduction. The shaft-hub connections with resilient parallel keys transmit torque due to forces of
the key deformation. We have obtained theoretical dependences between deformations, torque and sizes of
these keys. Therefore, thereis aneed for experimental verification of statics in such connections.

Recent resear ch and publications analysis. The connections with rigid keys are widely known [1].
In addition, a number of resilient keys for connections of shafts with hubs were developed at the level of
patents [2 ... 6]. Use of these keys allows to change the stiffness of the connection and to transmit torque
from the shaft to the hub, or vice versa, softer, i.e. without shock, which positively affects the durability of
thedrive.

Works [7...10] are dedicated to theoretical issues of resilient parallel keyed connections statics.
However, these theoretical studies require further experimental research and confirmation of the results.

The aim of this work is to conduct experimental research of statics of resilient paralle keyed
connections used to connect various rotation parts during the torque transfer.
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I mplementation. Experimental research of the static properties of such connections in comparison
with the rigid ones were conducted on a specifically designed and manufactured stands [11 ... 15].

Scheme of the basis of patented stands for the experimental research of the static and dynamic
properties of resilient parallel keyed connections is shown on Fig. 1, and it contains the keyed connection 1
itsdf, which consists of a fixed shaft 2, loading bushing 3, bearings 4 and 5, washer 6, nut 7 and key 8.
Fixed shaft is rigidly mounted through a square tail section by studs 12 and nuts 13 in the resistance 9,
which consists of a body 10 and cover 11. To avoid bending deformations of the fixed shaft the removable
support 14 was installed and the screw 15 was st in the threaded holes of it, which through a conical end
16 interacts with a pivot hole 17 of the fixed shaft. Loading bushing of the keyed connection is rigidly
connected to one end of the lever 18 by welding, and on the second end of it - special equipment for
different types of loading can be placed. Measurement of strain and vibration phenomena in keyed
connections for different types of loads is taken by measure sensor 19. Keyed connection with resistors
mounted on the frame 20. To install the frame in the horizontal position there are legs 21 for regulation.

AA
5151776 4 362 5198311
s h A

Fig. 1. Scheme of the basis of stand for the experimental research of the parallel keyed connections

This stand allows you to research keyed connections subjected to various types of stress. It uses
additional removable equipment for that case.

During research of keyed connections loaded with static torque we use equipment shown on Fig. 2,
where vertical uprights 22 with the bar 23 are installed on the frame, above the free end of the lever, and
screw 24 is set in the threaded hole of bar, which is due to dynamometer 25 interacts with the lever 18.
Screw is driven by flywheel 27.

Fig. 2. Sand with equipment for the research of statics and calibration of the pressure sensor:
a —scheme of pressure sensor calibration; 0 —general view or the stand.

Diameter of shaft-hub connections d = 60 mm, and paralld resilien key (Fig. 3, a) has the following
dimensions: b x h x | =18 x 12 x 90 mm, b; = 4, 6, 8, 10 mm, i.e. the ratio b, / b equals from 0.3 to 0.6,
respectively.

By way of comparison compounds with rigid paralld key b x h x [ = 18 x 12 x 90 mm (Fig. 3, 0)
were also tested
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Fig.3. Paralldl keys: a —resilient; d—rigid

Experimental research of statics was performed as shown on Fig. 4. Static torque was created by
loading of rigid or resilient keyed connection with weights mounted on the free end of lever. Each cargo
weight is Fg = 100 N. To create a static torque on the lever loads Fy = 100, 200, 300, 400, 500 N were
installed. The lever arm of the force from the cargo weight lgg = 700 mm, and the weight of lever itself
Fg = 358,3 N with lever arm of the force from lever weight applied in the center of mass Ig, = 240 mm.
Then the static torque created by these loads is respectively: 156, 226, 296, 366 and 436 N-m. A measure
sensor and gage station TS-8 was used to record findings.

Fig. 4. Sand with equipment for the research of static loadings due to weight

Fig. 5 shows a scheme of the resilient deformation of paralld key in shaft-hub joint. If you turn the
hub relative to the shaft at the angle ¢, key deformation will be 3.

Fig.5. Scheme of the resilient parallel key deformation:
a — hub positioning according to shaft; §—J-d relation through angle ¢

To determine the resilient deformation of parallel key in conjunction with the shaft hub we used
scheme shown on Fig. 6, which graphically shows the dependences between the angular displacement of
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the lever 2, and at the same time of the hub 1. Measuring of the angular displacement of lever 2 is
performed by indicator 3, shown on Fig. 6 and 7.

Fig. 6. Scheme for definition of the resilient key deformation that
isthe result of lever angular displacement

Fig. 7. Measuring of the lever angular displacement
by the dial indicator

Experimental deformation & of resilient paralle key was found depending on 6; based on the
following proportion:
d _2
L= 1
I d @
Hence:
d =dl%, or d=0,042857d, . (2)
At every stage of the experimental research of resilient keys we conducted experiments ten series
each and processed them according to recommendations [17].
Theresults of theoretical [7] and experimental calculations of the dependences between the resilient
deformation of the parallel keys and torque are summarized in Table 1.

Table 1
Results of the theoretical and experimental resear ch of theresilient parallel
key defor mation dependence from the tor que

b =4mm b; = 6mm b; = 8mm b; = 10mm

TNm = 5 o 5 o 5 o 5
156 0,098 0,12 0,187 0,20 | 0,380 0,36 | 0,863 0,90
226 0,143 0,15 | 0,271 0,28 | 0,550 0,52 1,251 1,33
296 0,186 0,16 | 0,354 | 0,34 | 0,721 0,69 1,638 1,61
366 0,231 0,26 | 0438 | 0,45 | 0,891 0,87 2,026 2,00
436 0,275 0,29 0,522 0,49 1,062 1,03 2,413 2,22
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According to table 1 theoretical and experimental graphical dependences between torque and
deformation of keys were built, as shown onfig. 8.

Fig. 8. Graphical dependences between torque and key deformation: e —theoretical; A - experimental

Conclusions. Experimental results have confirmed the theoretical principles derived for resilient
paralld keys while transferring the static torque.

1. Manawenxo B.O. [emani mawun. 36ipnux 3a80ans ma npuxiadie pospaxyuxie [Texcm] |
B.O. Manawenxo, B.T. [asruwe. — Jlvsie. Hosuii Ceim-2000, 2011. — 216 c¢. 2. [lam. 52014 Vkpaina,
MIIK F 16 B 3/00. Ilpyscna npusmamuuna wnonka [Texem] | Cmpineys O.P., Manawenxo B.O.,
Cmpineyv B.M; 3asenux i éracnux namenmy Hayionanvuuil ynigepcumem 600HO20 20Cnodapcmea ma
npupoookopucmysantsi. — U Ne201001578; zasnen. 15.02.10; onyon. 10.08.10, bron. Ne 15, 2010 p. 3. Ilam.
56071 Vkpaina, MIIK F 16 B 3/00. Ilpyscna npusmamuuna wnonxka [Texem] | Cmpineys O.P.,
Manawenxo B.O., Cmpineyvs B.M; 3asenux i enacnux namenmy Hayionanonuii yHieepcumem 00H020
eocnodapcmea ma npupoookopucmyeanus. — U Ne201007432; zasen. 14.06.10; onyon. 27.12.10, biox.
Ne 24, 2010 p. 4. Ilam. 56666 Vrpaina, MIIK F 16 B 3/00. IIpyscna npusmamuuna wnouxa [ Texcm] /
Cmpineyp O.P., Manawenxo B.O., Cmpineyp B.M, 3aseénux i eracnhux namenmy Hayionanvnuti
VHIBEpCUmMem 600H020 20cnodapcmea ma npupodoxkopucmysantsi. — U Ne201007393; zasen. 14.06.10;
onybn. 25.01.11, Fion. Ne 2, 2011. 5. Ilam. 61951 Vkpaina, MIIK F 16 B 3/00. IIpysxcna npusmamuuna
wnonxa [Texem] | Cmpineys O.P., Manawenko B.O., Cmpireyo B.M, 3asa6nuxu i é1acHUKU namenmy
Hayionanonuii  ynisepcumem 600020 2cocnodapcmea ma npupoooxopucmysanus i Hayionanvuuil
yrisepcumem “Jlvgiscoka nonimexnixa”. — U No201014574; zasen. 06.12.10; onyoa. 10.08.11, bioa. Ne 15,
2011. 6. I1am. 62872, Vrpaina, MIIK F 16 B 3/00. Ilpysxcra npusmamuuna wnounxa [ Texem] | Cmpineyo
O.P., Manawenxo B.O., Cmpineyp B.M; 3assnuxu i énacnuxu namenmy Hayionanonuii yHigepcumem
600HO20 20cnodapcmea  ma  npupodokopucmyeanns i Hayionanenuii  ymigepcumem “Jlvgicvra
noaimexuixa” . — U No201014575; zasnen. 06.12.10; onyoa. 26.09.11, broa. Ne 18, 2011. 7. Manawenxo B.O.
Hasanmaoicysanvra 30amuicms npyscHux WNOHKOBUX 3' €OHaHb muny ,, ear-mamouuna” | B.O.Marawenko,
O.P.Cmpineyb, B.M.Cmpineyv Il Bicnux HTY " XIII". 36. nayk. npayv. Temam. eun. “ IIpobremu
Mexaniuno2o npueody” . — Xapxie. HTY " XIII'. — 2010, Me 26. — C. 65—-71. 8. Manawenxo B.O.
O61pyHmysans KIHeMAmMUKO-CULOBUX NApamempie 3' €Onamns 3 npyochumu wnonwkamu | B.O.Marawenko,
O.P.Cmpineyw, B.M.Cmpineys I/ MOTROL (Motoryzacja i energetyka rolnictwa). — Tom 12 B. — Lublin,
2010. — C. 145-152. 9. Manrawenxo B.O. Illiosuwenns HABAHMANCYSANHOI 30AMHOCTI NPYAHCHUX
npusmamuunux wnonox | B.O.Manawenrxo, O.P.Cmpireys, B.M.Cmpineys I ITioiiomuo-mpancnopmua
mexuixa. — /[ninponemposcox. 2011, Ne 4. — C. 3841. 10. Manawenxo B.O. Hasaumaogxcenns ma

104



Odehopmayii npusmamuunux wnonox 3 npysxcnumu eécmaskamu | B.O. Manawenko, O.P. Cmpineys,
B.M.Cmpineys Il Bicnux Hay. yn-my " Jlesiecoka nonimexuixa” . * Juuamixa, Miynicmos ma npoexmyeanHs.
mawun i npunaoie” . — 2011, — M 701. — C. 69-74. 11. ITam. 2094763 Poccus, MIIK G 01 M 13/00.
Cmeno ona ucneimanuti ynpyeux npusmamudeckux wnonok [Texem] | Cmpeney B.H., 3aseumenv u
obnaoamens namenma Cmpeney Bnaoumup Huxonaesuu. - Ne 5004124/28; zasen. 07.08.91; onyo6n.
27.10.97, bron. Ne 30, 1997. 12. ITam. 623034 Vkpaina, MIIK G 01 M 13/00. Cmeno ona eunpobysano
npysichux npusmamuunux wnonok [ Texem] | Cmpineys B.M., Kocmwox O.I1., Ianuyx P.T., 3aa8nux i
enacuux namenmy Hayionanvnuil yHigepcumem 80OH020 20CNO0APCMEA Ma NPUPOOOKOPUCTHYBAHHS. —
No 200312119; 3asnen. 03.03.03; onyon. 15.12.03, bror. Nel2, 2003. 13. Ilam. 50704 Vkpaina, MIIK G 01 M
13/00. Cmeno ons docniosrcenns npyoichux wnonkosux 3 eonans | Texem] | Cmpineys O.P., Manrawenko B.O.,
Cmpineyv B.M; 3asenux i éracnux namenmy Hayionanvuuil ynigepcumem 600HO20 20Cnodapcmea ma
npupoookopucmysantsi. — U Ne200912119; zasnen. 25.11.09; onyon. 25.06.10, bror. Ne 12, 2010. 14. Ilam.
68123 Vipaina, MIIK G 01 M 13/00. Cmeno ons docnioxcenns wnonxosux 3’ eonans | Texem] | Cmpineys
O.P.; 3asguux i e@rachux nameuwmy Hayionaneuuii yuisepcumem 600HO20 20CHO0APCMEd mda
npupoookopucmysantsi. - UNe201111929; zasen. 11.10.11 p; onyon. 12.03.12, bioa. Ne 5. 15. Manawenxo
B.O. Obnaonanmus 0ns eKchepumeHmanbHo20 00CHIONCEHHI CIAMUYHUX MA OUHAMIMHUX XAPAKMEPUCTIUK
npysicHux wnonkosux 3 eonans [ Texem] | B.O. Manawenxo, O.P. Cmpineys, B.M. Cmpineys Il Bicnux
THTY. — Tepnonine. THTY, 2012. — M 1(65). — C. 89-96. 16. 3imbxo P.B. Memooduka
EKCNEPUMEHMATLHUX ~ O0CTIONCeHb  pOOOmMU  MexauiyHux cucmem:. memod. nocio. | P.B. 3invko,
1.C. Jlozosuii, M.1. Yepesxo, FO.M. Yepesko. — Jlveis. JIICB, 2009. — 160 c¢. 17. I'opbokonenxo B.J].
Memponoaus 6 eonpocax u omsemax | B.J].I opbokonenko, B.E.Illukuna. — Yavanosck. Yal'TY, 2005. —
196 c.

105



