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Abstract. An overview of the construction of the stand festing the universal joint transmissions,
such as a stand for the cardan bearing tests. Pfectwve of the study is to create of new
constructions of test stands, allowing to carryregearch at low temperatures close to operational.
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AHHOTAIHS. HpI/IBeZ[eH 0630p KOHCTPYKIUU CTCHHAA AJId UCIIBITAHUA KapJaHHBIX mepelad, TaKux
KaK CTCHI AJIsd HCIBbITAaHUHA KapAaHHbIX MOAIIUITHUKOB. 33[[3‘16171 HUCCJICAOBAHUA ABJIICTCA CO3JaHUC
HOBBIX KOHC’I‘pyKHI/Iﬁ HUCHBITATCIIbHBIX CTCHAOB, HO3BOJ'I$IIOH16ﬁ MMpOBOAUTL HCCJICAOBAHUSA IIPpU
IMOHMXCHHBIX TEMIIEpATYypax, OJNIM3KHUX K OKCIITyaTallMOHHBIM.

Bearing units are the main structural elements athimes that make up the
bulk of friction units. Failure often occurs due tiwe failure of bearing nodes,
limiting the durability of machines. Even with arfa high-quality production of
parts bearing nodes, such as needle bearingsgolive characteristics of the
carded transmission are poor, and there will berdareseen failure. By this failure
it is necessary to understand that workers (rubbsogfaces will not necessarily
collapse - failure may be the release of one ofctieracteristics of bearing nodes
beyond the allowed limits [1].

The durability of individual parts of bearing unitghich is confirmed by tests
on the stand, does not guarantee sufficient dutatuf the entire unit. The last
circumstance is due to the fact that the loads dlcatin the node and the actual
temperature can differ significantly from the benthaddition, the assembly and
installation change the gaps, tension and shapkeofriction surfaces of bearing
units. Especially visible are the contradictionsamen the quality of bearing units
and the bearing itself, which manifests itself mtsi with rolling bearings [2-5].

In the stands used for testing the cardan geamsachines, the rotation of the
cardan shaft is carried out according to the aetegicheme of transport and
technological machines, and the regulation is edrout by means of reducers.
There are many stands for testing cardan gear$, [6a8ed on similar principles,
but with a big difference, as well as its advansagied disadvantages.

The cardan gear test bench consists of an eleotrior mounted on the main
frame, a manual transmission connected to the isipaft of the tested cardan gear,
the output shaft of which is connected to the Ingdievice via a transfer reducer.
The loading device is made in the form of a hydcaptmp, the shaft of which is
connected to the output shaft of the distributiaducer, the input channel of the
hydraulic pump is connected to the hydraulic taakd the output channel is
connected to the inlet of the throttle with a redulg element, the output of which
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through the heat exchanger is connected to theahjidrtank, withal, between the
output channel of the hydraulic pump and a entrdimcdtle and a safety valve and
pressure gauge calibrated in units of brake torGjhe. loading device is equipped
with automatic control system, which consists afomtrol unit, consisting of the
algorithm of functioning, item comparison, the autdic control device, the signal
amplifier, pressure sensor and temperature semsstialled between hydraulic
pumps, throttle inlet with control element and cected to the element comparison,
termoklapan with a regulatory element that is iestiabetween the outlet throttle
with the regulating element and the heat excharaget,also connected through the
position sensors of the control element positiomseeswith the comparison
element, respectively, the throttle and the thewaale. The regulating elements of
the throttle and thermal valve are equipped withcetion mechanisms connected
to the output of the signal amplifier to controgithposition, each of which contains
a stepper electric motor and a reducer. The teahngsult is to provide a stable
braking torque.

One of the main disadvantages of the design igrdhbility to test cardan
transmissions at low temperatures, which is onéhefmost important problems,
without which scientific and technological progressinot be achieved. Until now,
many questions have not yet received a clear andueito unexplored or lack of
the necessary amount of research

Since the refrigerating machines of both stages fallexd with various
refrigerating agents, the pressure in them can djested by selecting one or
another refrigerant. This is a great advantage. disadvantages of multistage
refrigerating machines include the presence ofrepezature difference between the
refrigerating agents of the upper and lower cassadthe evaporator-condenser [9-
12].

For testing driveline had stands were developedesting [13-16]. Stand for
testing driveline (Fig. 1) consists of an electriotor 1, the output end of which is
connected to the technological transmission 2, ecoted to the tested cardan
transmission 3, which is installed in the coolitgese mounted on the main frame
4.The output shaft of the cardan transmissioncdmected to the input shaft of the
distributing reducer 5, mounted on an additionahfe 6. The loading device is
hydraulic and is a hydraulic pump 7, the shaft diich is attached to the output
shaft of the transfer distributing reducer 5. Timguit channel of the hydraulic pump
7 is connected to the hydraulic tank 8 with thekamay fluid, and its output channel
is connected to the input channel of the throtfleegulating the load. Between the
throttle and the hydraulic pump, a pressure gauges installed, calibrated in units
of brake torque and a safety valve 11 for releasmgess pressure into the
hydraulic tank 8. The output channel of the theotd connected to the hydraulic
tank, through a heat exchanger 12. Two compressmhimes colds 13 together
with the cooling sleeve 3, inside which is moungedhaft drive, radiator 14 and
process chamber 15 allow to test the drivelinewattemperatures.
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Fig. 1. Stand for testing propeller gear (Hydraglstem hoses, water supply,
wiring, refrigeration machine tubes are not shown)

The scheme of the two-stage refrigeration machsrghown in figure 2. The
evaporator IV of the lower stage machine produoastemperature cold by when
boiling low-boiling refrigerant in the process. Tfemed vapors are pumped out
and compressed in the compressor of the lower $tdgam where they are fed to
the evaporator-condenser of the cascade refrigarathachine 1. Here their
condensation occurs due to the cold produced byemgeration machine of the
upper stage. Thus, the evaporator-condenser afabeade refrigeration machine 1
is a condenser for the lower cascade machine andvaporator for the upper
cascade machine. Next, the refrigerant is throtled again enters the evaporator
of the lower cascade. The cycle closes. Refrigamathachine is the top of the
cascade operates at a high-boiling cooling agemhp&rated in the evaporator-
condenser ll, the freon is evacuated and compresséie compressor V of the
upper cascade, where applied to the condenser Yhimathe top of the cascade,
where condensed, throttled and fed back to thearasgr-condenser.
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Fig. 2. Scheme of two-stage refrigeration machine
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The main advantages of the use of multistage eafigpn machines are the
absence of high pressure in the condenser and peEgsure drops. For testing
driveline, consider a two-stage low-temperaturendber, where low-temperature
cold is obtained in the evaporator of the lowegstaf the refrigeration machine,
while the evaporator of the second stage produoés for condensation in the
machine of the previous stage. We also need thingaemperature of the cardan
transmission to -60 degrees, which will allow ugdst the cardan transmissions in
the temperature conditions of the far North andAratic.

Modern methods of scientific research allow to gtsttuctural elements at
the design stage [10-12], which can be appliegaiicular finite element analysis,
in the design of the necessary equipment. Cardashamésms are widely used in
engineering, including outdoors, at negative temfees. The aim of our research
is to develop the design of the test bench for amartfansmissions, allowing to
conduct research at low temperatures close to tipgrdo do this, it is necessary
to change the climatic conditions that will afféelse gimbal transmission. Climate
chambers are widely used to test the resistanadiffefent types of materials to
heat, cold, dehydration and humidity. These chamlbee capable of simulating
environments with varying temperatures and reladtweidity ranging from -50 °C
to +50 °C and 10-98%, respectively. But the usa ofimate chamber for this test
bench is impractical due to a number of reasonst,Rhere is no need to cool the
entire test bench, as this will affect the operatid all its components. Second, the
existing climate chambers have low efficiency. Bfere, local cooling of the
investigated gimbal mechanism is necessary by naitiin a thermally insulated
chamber (pipe) and forced cooling. This method niemywe its drawbacks:
insufficient insulation of pipes leads to heat Joskich will not allow enough to
cool the cardan transmission. Condensation is péssible, which can clog the
pipe, reducing the cross-section and making itadiff for air to pass.

Cnucok Jureparypbl

1. Epecxko C.II., Epecko T.T., Kykymkun E.B., MenoBmukos B.A.
CpaBHUTENBHBIN aHANW3 KOHCTPYKUMM KapJlaHHBIX I[IAPHUPOB HEPABHBIX
yrioBbix ckopoctelt // Bectauk Cuol’AY. 2015.T. 16,Ne3. C. 720-728.

2. Eresko S.P., Eresko T.T., Kukushkin E.V. Method ppEparation of the
experiment for investigation of universal joints ameedle bearings //
Cubupckuii xxypHan Hayku u TexHosoruii. 2018.T. 19,Ne 1. C. 120-136.

3. Epecko C.I., Epecko T.T., Kykymkun E.B., MenoBmukoB B.A., XoMmeHKO
N.N. IInanupoBaHue S3KCIIEpUMEHTA MO MCCIIEA0BAaHUIO KapAaHHBIX Mepeaay Ha
uroypyarsix noqmumnuukax // Becruuk Cuol’'AY. 2016.T. 17,Ne4. C. 1062-1071.

4. Epecko C.II., Epecko T.T., Kykymkun E.B., Kykymkua C.B., MeHOBIIMKOB
B.A. TloBbllieHHE MONTOBEYHOCTH TMOAMIMITHUKOB KapJaHHOTO IIapHUpa
HEpaBHBIX YIIIOBBIX ckopoctedt // Cuctembl. Meronsl. Texuomorun. 2018, T.
38,N\e2. C. 19-24. DOI: 10.18324/2077-5415-2018-2-19-24

5. Epecko C.II., Epecko T.T., Kykymkun E.B., MenoBuukos B.A. [loBbimenue
JIOJITOBEYHOCTH  KapAaHHOM  mepenayd 3a CYET  COBEPUICHCTBOBAHUS

30



10.

11

12.

13.

14.

15.

JARITS. 2019. Issue 16

KOHCTPYKLUMH KapJaHHOTO MIapHUpa M crocoba ero TEeXHUYECKOro
oocnyxuBanus // CtpoutenbHbie U nopoxnbie MamuHbl. 2018 Nel. C. 45-51.
Kyxymxkun E.B., Epecko C.II., Epecko T.T., MenoBuukoB B.A., Opnos A.A.
Konctpykuus crenaa uisi NpoBeACHUSI UCIBITAHUN KapJaHHBIX IIAPHUPOB Ha
WTOJIbYATHIX MOAIIMITHUKAX B IIMPOKOM JHAIla30HE pa3MEpOB C M3MEHEHUEM
yriia u3jnoma kapaanHoi nepenaqu // Tpancropt. TpaHCIOPTHBIE COOPYKEHHS.
Okomorus. 2016.Ne2 C. 58-73. DOI: 10.15593/24111678/2016.02.05
CrpyukoB A.B., Kykymkun E.B., Epecko C.II., Epecko T.T. Onpenenenue
JUHAMHAYECKHX [apaMeTpoOB IPUBOJA SKCIEPUMEHTAIBHOIO CTEHAA A
uccienoBanus kapaanueix nepenad // Bectauk Cubl’AY. 2016.T. 17,Ne3. C.
638-644.

Epecko A.C., Epecko C.II., Epecko T.T., Kykymkun E.B., Menosmukos B.A.,
OpnoB A.A. PacdeT ruipaBin4ecKoi CHCTEMbI TOPMO3HOI'O YCTPOMCTBA CTEH 1A
IUIS MCIBITAHUS TPAHCMHCCHHA TPaHCIIOPTHO-TEXHOJIOTHYECKUX MamuH [/
Tpancnopt. TpancniopTabie coopyxkeHus. Ikoyorus. 2016.Ne4. C. 60-79. DOI:
10.15593/24111678/2016.04.06

Epecko C.II., Epecko T.T., Kykymkun E.B., MenoBmrkos B.A., MuxeeB A.E.
CpaBHUTENbHBIA  aHANM3 KOHCTPYKIIMH  HMCHBITATEIbHBIX CTEHJOB IS
UCTIBITaHUsI KapAaHHbIX IapHUpoB // CuOupckuil IKypHaq HayKH H
texHomoruit. 2017.T. 18,Ne 4. C. 902-9009.

Epecko C.II., Epecko T.T., Kykymkun E.B. Meroguka wuccienoBaHus
HaNpsHKEeHHO-Ie(OPMUPOBAHHOTO  COCTOSHUSL ~ DJIEMEHTOB  KOHCTPYKLIHHU

kapaanubix nepenad // Cucrembl. Meroabl. Texunomoruu. 2018.T. 41, Ne2. C.
35-40. DOI: 10.18324/2077-5415-2019-1-35-40

. Kykymkun  E.B.  CoBepuieHCTBOBaHHME  KOHCTPYKIIMM W METOJIOB

MPOSKTUPOBAHMS KapJaHHBIX Tepefad C [IapHUpPaMU HEPaBHBIX YIJIOBBIX
cKopocTeil: aBroped. mucc. ... kaua. TexH. Hayk: 05.02.13bparck, 2018. 1&.
Epecko C.II.,, Epecko T.T., Kykymkun E.B., MenoBmukos B.A.
CoBepIlIeHCTBOBaHNE METOAMKM pacyeTa yria 3aKpyduBaHHUS KapJaHHOU
nmepeAayd C  WCTIOJb30BAHHEM TEOPETHYECKUX M DKCIIEPUMEHTAIBHBIX
uccnenosanuii // Cubupckuii xypHan Hayku u Texaonoruit. 2018.T. 19, Ne 4.
C. 668-676. Doi: 10.31772/2587-6066-2018-19-4-668-67

[Matent Ne 149002P®, MIIK7 GO1M 13/02 (2006.01¥ Tenn mis MCIBITAaHUI
kapaanueix nepenau / Kykymkwn E.B., Menosumkos B.A., Epecko C.II.,
Epecko T.T. Ne 20141208453as8. 22.05.2014omy6n. 20.12.2014bron. Ne 35.
-1lc.

[Matent Ne 153924P®, MIIK7 GO1M 13/02 (2006.01¥ Tenn 11 MCIBITAaHUI
kapaanueix mapaupoB / Epecko C.II., Epecko T.T., Kykymkun E.B.,
MenosiukoB B.A. Ne 2014147821/283as8. 26.11.2014pny6sn. 10.08.2015.
Bron. Ne 22. — 2c.

[Matent Ne 162876P®d, MIIK7 GO1M 13/02 (2006.01¥ Tenn 11 UCIBITAaHUI
kapaanubix nepenad / Epecko C.II., Epecko A.C., Epecko T.T., Epecko B.C.,
Kykymkun E.B., MenoBumkoB B.A., CrpyukoB A.B. Xomenko MN.M. Ne
20151573653as8. 30.12.2015pmy6mn. 27.06.2016br0m. Nel8. — 2c.

31



16.

10.

32

IMatear Ne 2649601 P®, MIIK7 GO1IN 13/00.CreHm misi UCIHBITAHUN
kapaannbix nepenad / Epecko C.I1., Epecko A.C., Epecko T.T., Epecko B.C.,
Kykymkun E.B., Menosmmko B.A., OpnoB A.A., Xomenko W.N.;
Ne20161400153as8:1. 11.10.201601my6:1. 04.04.2018B10:1. Nel10. — 10c.

References
Eresko S.P., Eresko T.T., Kukushkin E.V., Menovgkmh V.A. Comparative
analysis of designs of cardan joints of unequalukrgvelocities // News
SibSAU. 2015. Vol. 16, No. 3. P. 720-728.
Eresko S.P., Eresko T.T., Kukushkin E.V., Menovehik/.A., Orlov A.A.
Method of preparation of the experiment for invgation of universal joints on
needle bearings // Siberian journal of science taatinology. 2018, Vol. 19,
No. 1. P. 120-136.
Eresko S.P., Eresko T.T., Kukushkin E.V., Menovgkmh V.A., Khomenko
I.I. Planning an experiment to study cardan gearmi@edle bearings // News
SibSAU. 2016. Vol. 17, No. 4. P. 1062-1071.
Eresko S.P., Eresko T.T., Kukushkin E.V., Kukush&irv., Menovshchikov
V.A. Improving the life of bearings u-joint of uneal angular speeds //
Systems. Methods. Technologies. 2018. Vol. 38. Ro.P. 19-24. DOI:
10.18324/2077-5415-2018-2-19-24.
Eresko S.P., Eresko T.T., Kukushkin E.V., Menovsgkmh V.A. Increasing the
durability of the cardan transmission by improvithg design of the cardan
joint and the method of its maintenance // Consimacand road machines.
2018. No. 1. P. 45-51.
Kukushkin E.V., Eresko S.P., Eresko T.T., Menovskamh V.A., Orlov A.A.
Design of the stand for testing cardan joints oadte bearings in a wide range
of sizes with a change in the angle of fracturehef cardan transmission //
Transport. Transport construction. Ecology. 201&. R P. 58-73. DOI:
10.15593/24111678/2016.02.05.
Struchkov A.V., Kukushkin E.V., Eresko S.P., Ereskd. Determination of
dynamic parameters of the experimental stand dovethe study of cardan
gears // News SibSAU. 2016. Vol. 17, No. 3. P. 638-
Eresko A.S., Eresko S.P., Eresko T.T., KukushkM. BMenovshchikov V.A.,
Orlov A.A. Calculation of the hydraulic system dfet braking device of the
stand for testing transmissions of transport arghrtelogical machines //
Transport. Transport construction. Ecology. 201&. M. P. 60-79. DOI:
10.15593/24111678/2016.04.06.
Eresko S.P., Eresko T.T., Kukushkin E.V., Menovskmh V.A., Mikheev
A.E. Comparative analysis of test bench designstdsting cardan joints //
Siberian journal of science and technology. 201a1. ¥8, No. 4. P. 902-909.
Eresko S.P., Eresko T.T., Kukushkin E.V. Methodirofestigation of stress-
strain state of structural elements of cardan geéarSystems. Methods.
Technologies. 2018. Vol. 41. No. 2. P. 35-40. D{:18324/2077-5415-2019-
1-35-40.



11.

12.

13.

14.

15.

16.

JARITS. 2019. Issue 16

Kukushkin E.V. Perfection of the design and methofislesigning universal
joints gears with hinges of unequal angular velesitAbstract diss. ... cand.
tech. sciences. Bratsk, BSU Publ., 2018. 18 p.

Eresko S.P., Eresko T.T., Kukushkin E.V., Menovslik.A. Improvement of
the method of calculating the universal joints srarssion angle with the use of
theoretical and experimental studies // Siberianrrjal of science and
technology. 2018. Vol. 19, No. 4. P. 668-676. Oif:31772/2587-6066-2018-
19-4-668-676

Patent No. 149002 RU, MPK7 GO1M 13/02 (2006.01pan8t for testing
propeller gear / E.V. Kukushkin, V.A. Menovshikdv,P. Eresko, T.T. Eresko;
publ. 20.12.2014, Bull. No. 35. — 1p.

Patent No. 153924 RU, MPK7 GO1M 13/02 (2006.01xtench for u-joints /
Eresko S.P., Eresko T.T., Kukushkin E.V., MenovekikV.A.; publ.
10.08.2015, Bull. No. 22. — 2p.

Patent No. 162876 RU, MPK7 GO1M 13/02 (2006.01pan8t for testing
propeller gear / Eresko S.P., Eresko A.S., EresKo, Eresko V.S., Kukushkin
E.V., Menovshikov V.A., Struchkov A.V., Khomenkd.}.publ. 27.06.2016,
Bull. No. 18. — 2p.

Patent No. 2649601 RU, MPK7 GO1N 13/00. Standdstithg propeller gear /
Eresko S.P., Eresko A.S., Eresko T.T., Eresko V. Kkushkin E.V.,
Menovshikov V.A., Orlov A.A., Khomenko I.1.; puk04.04.2018, Bull. No. 10.
— 10p.

Kykymkun Cemén Bnagumuposuu —acrmpanr | Kukushkin Semyon Vladimirovich — post-

graduate student

Yaoykamsuian Tumyp I'eoprueBuy — Chabukashvili Timur Georgievich — student,
cryzaenr, chabukashvilitimur@gmail.com chabukashvilitimur@gmail.com

Yaiiknna Kcenust AjiekcaHapoBHa — Chaykina K senya Aleksandrovna — student,
crynenr, Ksenyachaykina@mail.ru Ksenyachaykina@mail.ru

IlepcriokoB Bacuiuii I'ennagbeBuy — Sher styukov Vasily Gennadyevich— student
CTYIEHT

CulupcKuit rocyIapCTBEHHBINA YHHBEPCUTET Reshetnev Siberian State University of Science

HAYKW U TEXHOJIOTUI uMeHH akanemuka M. . and Technology, Russian Federation,
Pemetnena, Poccuiickas deneparnus, Krasnoyarsk
r.Kpacnosipck

Received 19.09.2019

33



