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1. Introduction. The mechanisms become a portion of our life and we can find
them not only in technical practice, but on every step of common life. They help us to do our
work more easily and more comfortably. The mechanism is usually part of a machine where
two or more pieces are combined, so that the motion of the first compels the motion of the
others, according to a law depending on the nature of the combination. [5]

The operation of any machine depends upon two things:

1. the transmission of certain forces,

2. the production of determinate motions.
In designing, due consideration must be given to both of these, so that each part may be
adapted to bear the stresses imposed on it, as well as have the proper motion relative to the
other parts of the machine.

A structure that supports the moving parts and regulates the path motions, or kind of
motion, is called the frame of a machine. In discussing the motions of the moving parts, it is
convenient to refer them to the frame. The frame absorbs the forces or moments that originate
at the transformation of motions. The components, which actuate mechanism, are drivers, the
other components whose motion are caused are called follower.

The aim of the kinematic analysis is to investigate the motion of individual
components of mechanism (or their choices points) in dependence on the motion of drivers.
To investigate of the motion means to determine the dependency of the position, velocity and
acceleration of the examined members and important points on the motion of driven members
or on the time. A point moving in space describes a line called its path, which may be
rectilinear or curvilinear. The motion of a body is determined by the paths of three of its
points not on a straight line. If the motion is in a plane, two points suffice, and if rectilinear,
one point suffices to determine the motion.

The kinematic analysis can be done by several manners such as:
e numerical solution,
e graphical solution,
e computer aided solution.

2. Methods of kinematic analysis characterization. There are several types of
numerical solution that is usually concerned on the task of the position. Most often numerical
method uses the trigonometric rules and mathematical definitions as are functions,
differentiation, equations, etc. The advantages of this method are:
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—  minimal costs for its realization,
—  the possibility to use the table applications for the value obtaining of mathematical
functions.
The disadvantages are:
—  the expression of mathematical equations is time consuming ,
— it demands the excellent mathematical knowledge of operator,
—  this method doesn't solve the collisions of components.
Graphical solution is suitable only for the solving of planar mechanism and come out from
the kinematic scheme of mechanism sketched in the selected scale with the scaled input
parameters in vector form. The advantages of this method are:
— the minimal costs for its realization, similarly as it is at the numerical approach,
— the possibility to use the graphical software,
— relative quickly solution at the obtaining of output values for one concrete
combination of defined input parameters.
The disadvantages are:
—  for every changes of input value it is necessary to process new graphical solution
—  inaccuracy,
— it doesn’t solve the collisions of components.
Computer aided solution use the special software dedicated for it. Today there are very
interactive and user friendly 3D software in the market, which can simulate not only the
motion of the mechanism, but they can define the position, velocity, acceleration, forces,
moments and other parameters in every moments of time in graph or vector version, for
example. Inside computer application primarily it is necessary to create the 3D models of
individual components of mechanism, secondary to join them by kinematic linkage which
removes needed number of the degree of freedom.
The degree of approximation to the real situation is higher at the difficulty systems as at the
simple software, what increases the demands for hardware. Therefore it is important to
correctly choose the simulation tool so as it doesn’t over-price the manufacturing, but so as
the achieved results accordingly correspond to the specified conditions on the other hand.
This approach expects not only the software control, but it involves the knowledge from the
mechanics field, too. [3]
The advantages of this method are:
—  the visualisation of mechanism motion in virtual environment with its details,
—  fast data processing and fast output data acquirement for variable combination of
input values,
—  the possibility to use of output data for other applications,
—  the material characteristics definition and so possibility to dynamic characteristics
generation,
—  the chance for direct transmission to dynamic analysis,
—  the ability of components impact determination in virtual background.
The disadvantages are:
— expensive software and hardware equipment,
— the necessity of electric power,
— the necessity for operator to know working with equipment (software, hardware).
The comparison of the numerical and computer aided solution was realized on the
Whitworth mechanism that is usually used as the base for shanking machine in technical
practice.
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3. Numerical solution. The kinematic scheme was prepared on the basis of real
Whitworth mechanism and it is shown in the Fig. 1. The individual components of
mechanism are numbered due to the numerical solution limpidity. The frame has number 1,
the driver is the crank with number 2 that rotates angular speed w;;.

The goal is to define the motion of the component 6 which all points describe line
path. On the end of the bar 6 can be located the tool for the machining. Input parameters can
be changed in needed scale, of course it influences the output values which have to be
changed according to scale, too. Input angular speed can be uniform or variable, and then it
rotates by angular acceleration. For this concrete case was choices uniform angular speed of
the body 2, its value is w,;= 5 rad.s™.

.

Fig. 1. Kinematic scheme of mechanism

The coordinate system of mechanism was for numerical solution located into the point
0,1, position of the important points is described by x a y coordinates.
The dependency of these coordinates on the angle ¢, is defined by trigonometric method.
For point B holds
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Position of point C that belongs to the body 6 is defined as follows

2
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Angle position of the crank 2 is determined by angle ¢,; that changed with time. The values
for the comparison of both types of solution, numerical and computer aided, was done for
concrete position of crank 2 at ¢,;=45°.

Velocity of the point C is simultaneously the velocity of the whole body 6 and it can be
expressed by relation:
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_dx,
“dr
Whereas the position x¢ is composite function, the determination of velocity v¢is difficult and

it requires the mathematical skills of investigator. The final equation for v¢ in regard to the
frame is:
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The acceleration of point C is given by relation:

dv,

The final equation for ac in regard to the frame is:
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After institution of concrete value 45°to ¢,; into the equations (3), (4) and (5), we get

x. =-0,0309m v, =0,6676m-s" a.=-01175m-s"

b 3

4. Computer aided solution.

The virtual model of Whitworth mechanism showed on the Fig.2 was created in
software Inventor on the basis of kinematic scheme (Fig.1).

The simulation tools of Inventor belong in the software, which are suitable for the
analysis and the control rationalization of complicated processes. It provides engineers within
the product development process to perform the kinematic motion simulation and behavioural
insight into the assembly through the easy definition and animation of connections, such as
pin joints, ball joints, sliders and other. These connections, and resulting assembly constraints,
facilitate the easy assembly of closed loop systems. They can be used compatibly and in
combination with packaging and traditional like mate, align insert, offset and so on.
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Fig. 2. Virtual model of mechanism

Once assembled, engineers can
observe how their mechanism designs
will behave geometrically through
interactive part dragging and user-
defined motion simulations. Any point
on a mechanism assembly can be
dragged interactively by the user to
animate the mechanism. Predefined
motion simulations, using drivers to
simulate motors or actuators, also
provide animation. There is a powerful

design tool enabling engineers to create industry-best mechanism designs by clearly building
and communicating “design intent” into mechanism assemblies and subassemblies in this

software. [1]

After the modelling mechanism,

L — e A joints and input parameter definition, it
Loomeae el soeoetee  1sresere was possible to provide the kinematic
lonede  ssmeesm  seeietee  2orereee analysis. Output data could be designed
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Fig. 3. Output data of kinematic analysis

disposes of hardware and software for
kinematic analysis, he can use the second

method. In both cases he has to know the basic principles of mechanics. [2]

Table 1. Obtained kinematic values

Kinematic analysis — point C Methods

Values for p21=45° Numerical Computer aided
Speed ve [m.s] 0,6676 0,6676
Acceleration ac [m.s'z] -0,1175 -0,1175

By means of virtual model it is possible to reduce this time considerably. The
simulation model allows to realize the complicated processes through the use of computer in a
while, which take weeks, months, or years in real time, and it represents the ideal tool for the
aid and the deciding on the various levels of the manufacturing. This model allows identifying
of the problematical points of the project, to determine the main risks of work, etc., too. [4]

Even though the virtual simulation of mechanism has fixed place in engineering
practice, it seldom satisfy to real conditions due to outside and inside influences, which can be



predicted and defined very difficult. Therefore it is necessary to deliberate influences and
results multiply by surety factor. In various phases of real prototype suggestion are used 3D
models created on different stages of precision and approximation so to be whole process
effective.

On the other hand simulation is not “panacea” for all problems. There are problems,
when it is better to apply other, cheaper tool of problem solution, when the simulation appears
as few effective. Even though the additions of 3D models using within the simulation several
times exceeds the costs for simulation project. That is why the simulation can be considered
one of most effective tool for decision and solution testing.
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Annomayusa: B cmamoee npusoosamcea kiaccugpukayus pasmepHuix yenetl, GopmMupyiomuxcs é
NAKeMHbIX pPeOyKMopax U cXemvl PA3MEPHLIX yenel HEKOMOPbIX BbIXOOHbIX NAPAMEmpPos
3y6uamulx 3ayenjieHutl, packpblearomcs MexaHu3Mvl QOPMUPOBAHUSA 3AMBIKAIOWUX 36EHbES,
NPOBOOUMCS AHANU3 GNIUAHUSA UWNOHOYHO20 COEOUHEHUS] HA MOYHOCHb NOCLEOHUX.

Knroueesvie cnosa: peoykmop, pasmep, yen, Koneco, 8a, 3ayenjieHue.

DddexkTrBHOE 00ECIICUeHNEe CBOMX HA3HAYEHUU MEXAHHMYECKUX CPEJICTB BO MHOTOM
3aBHCAT OT OINPEACICHUS Pa3MEPHBIX CBS3eH MEXIy WX (YyHKIHMOHAIBHBIMH JJIEMEHTaMH,
coryacHO TpeOOBaHMI SKCIUTyaTallMOHHBIX YCIOBHIA, OTPAXXCHHBIX HA YEPTEKE; 0OECIIeUeHNE
MOCJIEJTHETO B MPOIIECCE MPOU3BOJICTBA M COXpPAaHEHHE MX HA OINPEIEICHHOM ypOBHE IPH WX
SKCIUTyaTaluy. B TOM dwmcie, ypoBEHb BBITIOJHEHHS CBOMX HAa3HAYCHHN PEIYKTOPOB a TAKKe
COXpaHEHHS WX DJKCIUTyaTallHOHHBIX ITOKAa3aTeslei, B 3HAYMUTEIBHON CTENEHU 3aBUCIT OT
PACTIOJIOKEHUS Pa3MEPHBIX CBSA3EH MX KOHCTPYKTHUBHBIX JJIEMEHTOB.

Ha xadenpe «eramm wmamwmu u I[ITM» AsepOaiimkanckoro TexHHYECKOTO
YHuBepcurera pa3pabOTaHbl, U3TOTOBJICHBI M HWCIBITAHBI OJHOIOTOYHBIC, JBYXIOTOYHBIC
TpPeX W MATHCTYTICHYATHIC 3y0daThle PeIyKTOPHI C MepEIaTOTHBIM OTHOIICHHE Us = 43 53

3y0OuaThie KOJIEChI, a TaKXKe OJIOKHW IIECTEPEH YCTAaHOBJICHBI HA BEAYIIEM M BEIOMOM Bajiax B
dbopme nakera. [1oaTOMy 3TH peayKTOpPHI YCIOBHO Ha3BaHBI «MAKETHBIM PEIYKTOPOMY». IDTO
Ha3BaHHUC IMPUHATO HaA JABYX MCKIYHAPOIHBIX KOH(i)epeHHI/ISIX. HoBrle nokojieHnsT MakeTHBIX
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PEIYyKTOPOB PEKOMEHJIOBAHO JJII BHEIPEHHUSI B PA3IMYHBIX OTPACISAX MPOMBIIUICHHOCTH [1].
[TosToMy, BBISIBICHHE pa3MEpPHBIX IIenel, (OPMUPYEMBIX B MAaKETHBIX PEIYKTOpPax,
UCCIIEIOBAaHNE X C (PYHKIIMOHAIBHOM TOUKH 3pPEHUS, ONIPEIeIeHHe pa3MepPOB U JIOIYCKOB UX
KOHCTPYKTHBHBIX 3JIEMEHTOB B paMKe TpeOOBaHW SKCIUTyaTallMOHHBIX YCJIOBUH SIBISIETCA
aKTyaJIbHOM 3a/1a4eH.

Lenbio HacTosAmEeH pabOThI SIBISETCS BbIABICHHE, (DYHKIIMOHAIBHBIN aHAIN3 U UCCJIe-
JIOBaHWE HEKOTOPBIX OCOOEHHOCTEH pa3MepHBIX Lened, (OpPMUPYEMBIX B MAKETHBIX
penyKTopax.

JUis  mpoCTOTHI, HCCIENOBAHHWE pPa3MEpPHBIX LENed MPOBOJUTCS Ha IpUMEpE
TPEXCTYIIEHUAThIX AKETHBIX PEAYKTOPOB.

Pazmepubie mnemu (PL) B maketHpix penykrTopax. COIlacHO Ha3HAYEHHUIO,
pa3MepHbIE€ CBS3M B MAKETHBIX PEAYKTOPAX MOXHO DPa3leiIUTh Ha TPU IPYNIbl: OCHOBHBIE,
BCIIOMOTATENIbHBIE M CBOOOJHBIE pa3MepHble CBsi3u. COOTBETCTBEHHO, B PEIyKTOpax
(dbopMuUpyIOTCS TpU BUa pa3MepHbIE Ienu: (PyHKIMOHAIbHBIE (OCHOBHBIE), BCIOMOTATEIIbHbIC
u ceoboansie PII (puc. 1).

3aMKHYTBIH KOHTYpP B3aUMOCBSI3aHHBIX pa3MepoB, (OPMHUPYIOIUX IapameTp
(3aMBIKAIONIETO 3BEHA), BIPSMYIO CBSI3aHHOTO C Ha3HAUCGHUEM 3yOuaToil mepemadu Ha3BaH
(GyHKIMOHANBHOW (OCHOBHOI) pa3mepHoil memnbio. [lomo6ubie PL ¢hopMupyroT BBIXOJHBIE
napaMeTpsl 3yOdaTtoro 3anersieHue. BpIXOQHOW mapaMmerp SBISETCS 3aMbIKAIOIIMM 3BEHOM
pasmepHoil nenu. Crofa OTHOCATCS TNapamMeTpbl KUHEMAaTUYECKOM TOYHOCTH, IJIaBHOCTH
paboTel, 0OKOBOTO 3a30pa M MOJHOTHI KOHTaKTa 3yObeB. Hampumep, OTKIIOHEHHE MEKOCEBOTO
paccTosHMs; OTKJIOHEHMs Ilara 3aleIUICHMs, W3MEHEHHE MEXOCEBOTO paCCTOSHMS,
U3MEPEHHOI0 B OJHOM 000POTE U T.II.
3aMKHYTBI KOHTYP B3aUMOCBSI3aHHBIX pa3MepoB, (OpMHUPYIOLIHE TapaMeTpa, CBsI3aH-HOTO
HE BIIPSIMYIO C Ha3HaYCHUEM 3y0UaToi mepeauu, HO CITy>Kallero st ero popMHUpOBaHUS
ABJISIETCSL BCIIOMOTIaTeNIbHOM pa3MepHoi Lensto. Hanpumep, cBsA3aHHBIE ¢ YCTAHOBKOU
penyxkropa PL{ coocHOCTEM Oceil BXOJHOW M BBIXOJHOW Y C HUMHU COEIMHEHHBIX BajoB; PL] B
HOJIIUITHUKOBBIX Yy3J1aX, CBSI3aHHBIE C OCEBBIMU I10JIOKEHUSIMHU BaJoOB U T.11. OHU
OTPEIEIIAIOT MOJI0KEHNUE KOJIEC U BAJIOB HA pab0YUX MO3ULMSIX, HO CYIIECTBEHHO HE BIMAIOT
Ha BEJIMYMHY BBIXOJHOTO MapaMeTpa peayKTopa.

| PasmepHas uens (PL]) B MakeTHRIX pelyKTopax | I'
I .
O YHKIHOHANBHAR | | BenomorarensHas | | CeoGomHas |
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77715 :
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Puc. 1. Cxema pa3MepHBIX 1ernel B TAaKETHBIX PeIyKTOpax
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3aMbIKAIOMIMK KOHTYP B3aMMOCBA3aHHBIX pa3MepoB, (OPMHPYIOLIUE MapameTpa, He
UMEIO-IIIETO BIPSIMYIO CBSI3b C (YHKUHMOHAJIBHBIMH DPa3MEPHBIMU CBS3IMH 3yOuaThIX
3aleIUICHNI ¥ He BIMAIONIME Ha HUX Ha3BaHbl CBOOOJHBIMHM pa3MEpPHBIMH IIETISIMU.
Hanpumep, PLI, popmupyembie B 0CMOTPOBOM OKHE, B YCTPOICTBE U3MEPEHUS] YPOBHS Macia
U T.I. U CBA3aHHBIE ¢ HUMHU PII.

CornacHo MexaHu3sMmMy (opMHpOBaHHS B PEAYKTOpax, Kak IMpPaBHIIO, O0pa3yroTcs
CTaTUYECKHe, KNHeMaThudeckue u nuHamudeckue PII [2].

CraTuueckue pa3MepHble e (GOPMUPYIOTCS B MPOLIECCE COOPKU U XapaKTEPU3YIOT
pa3MepHbIe CBSI3U DJIEMEHTOB PEIyKTOpa B CTATUYECKOM €ro coctosHuu. IIpomecc cOopku
dopMupyer equHOE 3HAUCHHE €€ 3aMBIKAIOIIEro 3BeHa. BennmymHa 3aMBIKAIONIET0 3BEHA
cratudyeckoy PI[ ocraercss HEM3MEHHOM U B KUHEMATUYECKOM U B JUHAMHMYECKOM COCTOSIHUU
KoHCcTpykimu. Ha 06asze cratmueckoit PLl dopmupyercs knHemaTHueckass M JMHAMHUYECKas
pa3mepHbie 1enu. BeromorarensHeie U cBoOoAHBIe PL[ makeTHBIX peayKTOPOB €CTh YHCTO
cratrueckue PII, T.e oHU He cirykar 6a30¥ KaKoro-Tub0 KHHEMATHYECKON U TUHAMHUYIECKON
PLI.

Kunemarnueckue pa3mepHbie e GOPMHUPYIOTCS NMPH KHHEMATUYECKOM COCTOSTHHU
KOHCTPYKTUBHBIX 3JIEMEHTOB Iepelaud, HuX (HEKOTOpbI€) 3BEHbA, B TOM UHCIE U
3aMbIKAIOIINE MOJYYaloT pa3Hble, a TAKKE CBOM MAaKCUMAaJIbHbIE MU MUHUMAaJbHbIE 3HAYCHUS
npu ogHOM IwmKie 3aneruieHus. Kunemarmdeckue PL| Bkmrowaror B ce0si, B OCHOBHOM
¢ynkumonaneheie PLI. OHM ompenensioT mapaMeTpbl HOPM KHHEMAaTHYECKOW TOYHOCTH,
TUIABHOCTH PabOThI, TOJHOTHI KOHTAKTa 3yOheB M1 OOKOBOTO 3a30pa.

JuHamuyeckue pa3MepHble Henu (HOPMUPYIOTCS B KHHEMATHYECKOM COCTOSIHUH, TIPU
CWJIIOBOM PEXHUME BO3IEHCTBUSA, KOHCTPYKTUBHBIX 3JeMEHTOB 3aueruieHusd. IIpu stom PI]
BKJIFOYAIOT, MMOMHMO CTaTHYECKHX Pa3MEpOB 3BEHBEB, elle M HX Jedopmarmu (yrnpyrue,
TEIUIOBBIE U T.I1.) TIOJ BO3/IEMCTBUEM Pa3IMYHBIX BUJIOB YHEPTUH (CUJIOBOM, TEIUIOBOM U T.II.).
B nelcTBUTENBHOCTH, Jaxe Mpu padoTe HEHArpy>KeHHOro pEayKTopa €ro 3JEMEHTbI
[IOJIBEPraloTCsl CHUJIOBBIM BO3AECHCTBUAM, OJJHAKO MX 3HAUEHHWE HE3HAYUTENIbHBbL. B Kakablii
MOMEHT 3auerieHus 38eHbs PLl, B TOM uncie u 3aMbIKaroas UMEIOT pa3IndHble BEIUYHHBI.
Juana3oH u3MEHEHHs pa3MEpOB 3BEHBEB (QOPMHUPYIOTCS C TpENeNbHBIMU 3HAYCHHUSIMU
napaMeTpoB 3BeHbeB KuHemaruueckoil PL u pabouero oprana (HanpumMep, KOHBelepa U T.I1.)
NpHBOJIa 00CITY)KUBAHHE KOTOPOTO OCYLIECTBIISIETCS PELYKTOPOM.

B makerHoMm pemykrope Bce 3yOuaThle mepenadyd 00JaNaloOT €IUHBIM MEXOCEBBIM
PAcCTOSTHUEM U NO3TOMY 00bIIMHCTBO PLI siBIsI0TCS MapauienbHO CBA3aHHBIMU.

DOyHKUMOHATBbHAS - paguaibHasi pa3mepHas uenb. Pynxnuonansneie PI[ B
HWINHAPUYECKUX 3y04YaThIX pEeAyKTopax, 0OpasyoIIMXCsl Ha IJIOCKOCTU MPOXOJALIed OT
oceil BajoB UMeroT ocoOble 3HaueHus. [liiockue, B ToM uncine u yriosslie PLl umeror 6ombiive
3HaYEHHs C TOYKHM 3pEHMs M NPOU3BOJCTBA M 3KCIUIyaTallMd peAyKTopa. 3aMblKaroliuM
3B€HOM MPUHATO paauaibHBIi 3a30p B 3allCNJIEHWH. 3]1€Ch paccMaTpUBaIOTCA JABa BUJA
MOJI00HBIX Pa3MEPHBIX LIETeH:

- PII B 3amemienun mectepHsi (KOJECO), KECTKO COEIWHEHHAs C BaJlOM — KOJECO,
CBOOO/IHO YCTAaHOBJICHHOE (BpAIlAIOIIMIACA ) Ha TIeHKe Baja (puc. 2, 3auenaeHus Mexay 1 u 2;
Su 6);

-P1] B 3amerieHny mecTepHst - KOJeco, CBOOOTHO YCTAaHOBJICHHBIE (BpAIIAIONIMIACS) Ha
mieikax BajioB (puc. 2, 3airerieHue Mexay 3 u 4);

OyHKIIMOHAJBHBIE MJIOCKHE paauanbHble PL] Ha MIOCKOCTH, MPOXOASIIIUI 4Yepe3 OCH
BaJIOB!

1
(11,011,811, A, 72,821,521,822, 522, [A]) o

2
(832.632.831.831,73, A,74,041, 541,042+ S42.[5])° @
rae ry, r2, r3s U rq4 - paI[I/IYCBI IIIECK COOTBCTCTBYIOHII/IX BaJ'IOB;
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S 3a30p MEX]y CONpPSIraéMbIMM IOBEPXHOCTSAMH I1ecTepHU | 1 Bana (puc. 2);
S 5210 634 u a1 3a30pbl MEXJy CONPSraeMbIMH MOBEPXHOCTIMU COOTBETCTBYIOIIHUX
BTYJIOK - MOJIIMITHUKA U BaJja;
- 811,822,833 1 Syp - TOJNIMHBI KOPIIYCOB COOTBETCTBYIOIIUX KOJIEC B NMEPIEHAUKYISIPHOM K
OCH HalpaBJICHUM;
521,531 ¥ S41 3a30pBI MEKY CONPATAEMBbIMU IOBEPXHOCTAIMHU COOTBETCTBYIOIIUX BTYJIOK U
KOJIEC;
- [A] u [0] — paguabHBIe 3a30phl B 3alEIIEHUU-3aMbIKAIOIINE 3BEHbs Pa3MEPHOIl 1IeMH;
- A — MeX0ceBOe pacCTOsTHUE.

HesaBucumo ot kosmyecTBa cTynHe (3 Wi 5) makeTHbIE PEAyKTOPbl UMEIOT BCETrO
JIBa BaJa M MEXOCEBBIE PACCTOSHHUS Bcex mepenad paBHbl. OnHako moka He paspaboTaHa
METOJMKa pacyeTa pa3MEpPHBIX M TOYHOCTHBIX CBSI3€H M HE HOPMAJIM30BAaHBI MapaMETPHI
KOHCTPYKTHUBHBIX 3JIEMEHTOB IIAKETHOI'O PEAYKTOpA.

HomuHaneHbI pazMep 3aMBIKAIOIIEro 3BEHa B 3y04aroil mepepaye CO IMIMOHOYHBIM
COEIMHEHHUEM

— - — — — — — — — s 3
A=A+r+on+Su+r2+621+S21+022+S» 3)

B 3yOuaroii nepenaye 0e3 MIOHOYHOTO COCTUHEHHS :
A=A+r;+631+S51+0n+Sn+ra+0u+Sa+0n +Sa. 4)

v

B —

Puc. 2. Cxema HEKOTOpPBIX pa3MeEpHbI LENned TPeXCTyNeHYaTOro MaKeTHOTOo
penykropa

PL] (2 u 4) cnoxuee yeMm (1 u 3). OxHako, Ha (HOPMUPOBAHUE €r0 3aMBIKAIOIIETO
3BeHa B oT/IM4uH OT (1), He BimseT yrioBoi PILI mmoHOYHOTO COemMHEHUS.

VYr10Boii pa3MepHbIii Henb B IIMOHOYHOM coeauHennn. OTHIM U3 0COOCHHOCTEH
MaKeTHBIX PEIYKTOPOB SBISIETCd TO, YTO HIMOHOYHOE COEIMHEHHE WCIOJIb30BAHO IS
YCTaHOBJICHHS KECTKOW CBSI3M 3yOuaThIX KOJIEC C BEAYIIEM MU  BEIOMOM BallaMU «KOJIECO-
Bam» (puc. 2). I[IpoMexxyTouHble Kojieca CBOOOIHO BpamaroTcs Ha Bamax. [lpu sTom
AJIEMEHTHI MITIOHOYHBIX COCIUHEHUHN SBISIOTCA (PYHKIMOHAIBHBIMH JJIEMEHTAMH 3y0daThIxX
nepeay.

O4eBuHO, YTO  OTKJIOHEHHS  DJIEMEHTOB  IUMNOHOYHOTO  COEAMHEHHsS]  OT
NapajuleJIbHOCTH OCH Bajla 00YyCJIaBIMBAIOT MOTPEUIHOCTH HAlpaBJCHUS 3alleIUISIOIINXCS
3yObeB 3yOuaTHbIX Kojec. B pe3ynbraTe, KOHTaKTHbIE IOBEPXHOCTHU 3alCIUIIONMXCS 3yObeB
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U3MEHSIOT CBOIO TMO3WIMIO W BAOJHh U MO MPOPUI0 3yOheB B OJHOM 000poTe Bania. [lpu
9TOM, IO3UIHUA IIITHA KOHTAKTa Ha pa60qel71 MMOBCPXHOCTHU 3y6a 3aBUCUT €1I€ U OT KOJIMYCCTBA
OJIHOBPEMEHHO 3allCTUISIOIINXCS 3yObeB.

IIpu Hanuuy 3a30pa MEXAY COIPATacMBbIMU MIOBEPXHOCTSIMHU Bajl-KOJIECO, U3-3a HElla-
paJUICIBHOCTH  3JIEMEHTOB IIMOHOYHOTO COEAMHEHHMS Ha OCHM Bajla, OCh KoJieca B
ONpPE/ICNICHHON CTENEeHU MPOBOPAYMBAETCS OTHOCHUTEIBHO OCH Baja. B pesynbrare, u3-3a
NOTPEIIHOCTEH B MapajuIeJbHOCTH 3JIEMEHTOB UINOHOYHOIO COEIMHEHMsT Ha OCH Baja
O6pa3OBBIBaIOTC$I 9KBHBA-JICHTHO MM IOTPCINHOCTHU HAIPABJICHUA 3alCIIIAIOIINXCS 3Y6BGB.
[Tpu 3TOM KOHTAKT 3yObeB MPOUCXOIUT HE IO BCEH NIMHE 3yObhEB, a OTPAaHHYEHHO, TOJILKO
Ha OJJTHOM U3 €ro KOHIIOB.

Ecimm nnuMHa KOHTakTa CONPATarOIMXCs IIOBEPXHOCTEH Baj-KOJECO PaBHO - [, a

paJMaIbHBIA 3230p MEXJLy HUMH - O, TO OTHOCHTEJIbHBINA OBOPOT OCeii paBeH - P :
o
B =arctg—.
t

IIpu mocaake Kojeca Ha BaJl C MHHHUMAJIbHBIM 3a30pOM, OJM3KMM K HYJIIO, OOBIYHO
HEMApaJUIEIbHOCTh 3JIEMEHTOB ILIOHOYHOTO COEJUHEHUS TOPOXKJAeT OCIOKHEHHE B
nporuecce cBOO0IHOI cOopke.

Ha puc. 3 nokaszanel cXeMbI IByX MO3WIMHA IITOHOYHOTO COEIWHEHUS U 3y04aTroro
3anerieHusa. CorylacHO OCOOEHHOCTSIM MX HW3TOTOBJIEHMS, HENapasuleIbHOCTh 3JIEMEHTOB
IIMOHOYHOTO COEAMHEHHUSI Ha OCH Bajia (GOpMHUpYETCs, B OCHOBHOM IO HAIPaBICHUSAM Oceil X
u Y. Ilpu 5TOM Ha WINIOHOYHOM COEIWHEHUU IPELYyCMOTPEH TIapaHTUPOBAHHBIM 3a30p B
HanpaBieHun ocu Y. [1oaToMy yrioBbie MOTPENIHOCTH, OOPA30BAHHBIE B 3TOM HAIPaBICHUH
HE BIMSIOT Ha XapakTep 3alerieHus 3yOuareix Kkojiec. OJHAKO, OTKIOHEHHS OT
NapajuleJIbHOCTH  3JIEMEHTOB COEIMHEHUS Ha TOPU3OHTAIbHOM moBepxHOCTH () B
HanpaBiaeHUN ocu X 00yClIaBIUBAIOT MOBOPOT OCH KOJIeCa Ha HEKOTOPBIN yroi & (puc. 3.a).
COOTBETCTBEHHO, B MO3UIMH 3al€IUIEHUs 3yOuaThIX KoJjec 3y0 mosydaer noJjiokenue 2 — 2
B3ameH | — 1. OOGpa30BbIBaeTCs MOTPEUIHOCTh, IKBUBAJIEHTHAS! MOTPELIHOCTH HAIMpPaBICHUS
3yObeB.

AHAJIOTHYHAs KApTHHA CO3/[ACTCs IIPU MOBOPOTE Basia Ha 90, Ha BEpTUKAIBHOM ILIOC-
koctd P (puc. 3.8). Takum 00pa3oM, yHOMSIHyTBIM YroJ (3Ha4UTh OCh KOJIeca) B IpOLECCEe
Bpa-UICHUsI BOKPYT OCH Baja B IEPUOJ OJHOTO 00OpOTa OMUCHIBAaeT KOHyC. lIpodumbHas
muHug 3y06a 1 — 1 mo JAenuTenbHOM OKPYI)KHOCTH TakKKe, OINUCHIBAsk KOHYC, IOJIydaeT
MOJIOKEHUE 2 — 2 U T.11.

Ha puc. 4. moka3anbl CXeMbI YTJIOBBIX Pa3MEPHBIX IENe GOPMHUPYIOMUXCS TOIBKO
YIJIOBBIMU TIOTPEHIHOCTSIMU 3JIEMEHTOB OJHOIO M JIByX IIMOHOYHBIX COEIWHEHUH Ball-
niectepHs. MIX 3aMbIKaloIMMU 3BEHbSIMU SBJISIFOTCS, COOTBETCTBEHHO:

- OTKJIOHEHHE OT MapajuIeIbHOCTH HANpaBJICHUS 3alleTuisionero 3y0a 3y0uaToro Koseca 1o

OTHOILIEHHUIO OCH Baja - Q (puc. 4,a),

- YTOJI MeX]1y HalpaBJICHUSIMU 3aleTUIIOIINXCS 3yOheB 3y0uaThix kKojec (puc. 4,0).

B SY6anBIX nepeaadax IMaKCTHOTO pEaAyKTOpa HMCIOJb30BAHbI IIIIOHOYHBIC
COCAMHCHHUS TOJIBKO B CKOPOCTHBIX M B THUXOXOOHBIX HEpcaavyax. HpI/I 3TOM, 3aMbIKAIOIIICC
3BEHO (puc. 4,a):

3
Oy =0 +0y+0y =D 0, . (5)
i=1
3y6uaTeie iepenaun TPAIUIMOHHBIX PEIYKTOPOB BCE 3y0UaThie KOJECHI COCTUHSIIOTCS
C BaJlaMH C TIOMOIIIBIO MIMOHOYHBIX coenuuenuil. [Ipu 3ToM 3ampikaroiee 38eHo (puc. 4,0):

~

1_—» — — — — — — _ —
a,=0,+a,+o,+a,+o,+a,+a, =) a,. (6)

i=1
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Puc. 3. PacdeTHble cXeMBI IIMOHOYHOTO COCIUHEHUS, 3y0UaToro 3aleruieHus U UX
3yObeB

REE Ry RN
| h | oy I- Teopernueckne
%\ | 0C1 BA10B 1 K07EC
_
NN ~T 7
N |
Oy 2- Ocr mnoryryy
% KEHEBOK Ha BaTaY,
N %] <\
(+ \\ 3- Hampasnenus
N | L/ AN & pabowiy  momeps-
N az - \\ poetel  wI0KOK
Q4
Q, N 4= Ocn mmonown
a, ‘\“_>
/ KARABOK KA KoTecax
ay N a (Tpnpencnne 0l
| |_)_ ||_.r_ oy ﬁT_I|> Konec)

1) i)

Puc. 4. PazmepHas 1ienpb yrioBbIX OTKJIOHEHUH 3JIEMEHTOB MITIOHOYHBIX COCTUHEHUN

rae - & U Os- yIJIbl OTKJIIOHCHHS OT IApaIJICIIbHOCTH OoCell MMNOHOYHBIX KaHABOK HA OCH

BaJIOB;
-0, U Q- YITIbl OTKIOHEHUS OT NapauIeNbHOCTU pabOYMX IOBEPXHOCTEH INIOHOK HAa OCH

IIMTOHOYHBIX KaHABOK BAaJIOB;
- 0; U O,- yIVIbl OTKIOHEHHUs OT MapalIeIbHOCTH OCEH HIMOHOYHBIX KAaHABOK LIECTEPH U
3y0OuaThIX KOJIEC Ha UX COOCTBEHHOU OCH;
- Q- YroJl OTKJIOHEHHUS OT MAPAIUIETLHOCTH OCEH BaJIOB.

[Ipou3Benen aHanu3 BIMSHUS MOTPENIHOCTEH IIMOHOYHOTO COSAMHEHMS HA KauecTBa
3areryieHus 3youatsix kosec. [loatomy, npuanmaercs o, = 0.

CpaBHenune BbipaxeHwuit (5) u (6) MOKa3bIBAECT, YTO MOTPEUTHOCTH HANPABJICHUS 3yObhEB
W3-32 YTJOBBIX TMOTPEIIHOCTEH JJIEMEHTOB IIIOHOYHOTO COCIUWHEHHUS Ha TaKeTHBIX
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penyKkTopax B JIBa pa3a MEHbIIE, YeM Ha TPaJuIMOHHBIX. Ha mpoMeXyTOUHBIX mepeaadax
10/100HBIE TIOTPEIIHOCTH BOBCE HE CYIIIECTBYET.

Onenka 3¢ (}EeKTUBHOCTH MaKeTHBIX PEIYKTOpOB Oa3upyercss Ha CIeIyIOIINX
COOOpaXeHUSIX:

TpanuMoHHBIE TpPEXCTYNEHYaThle pPEIyKTOpPBhl BKIIOYAIOT B ce0d  clexyromue
JIOTIOJIHUTEIbHbIE KOHCTPYKTHUBHBIC 3JIEMEHTHI: JIBa Basa; YEThIPE MOJIIMWIHUK KaueHHs; UX
KPBILIKH C 3JIEMEHTaMHU COCIMHEHUS B KOPITYC U KPBILIKY; YEThIPE IITMOHOYHBIE COCTMHEHHS.
Bce 3TO compoBOXIaeTCS JOTOJHUTENBHBIMH  TEXHOJOTHYECKMMH IPOLECCaMU  HX
mrotoBnieHusi. [Ipm  3TOoM  yBenuuuBaercss rabapuTHBIE  pasMepbl, W  3HAYHUTH
MaTepUaAIOEMKOCTh KOPITyCa U KPBIIIKH.

B3ameHn Bcero mepedMCIEHHOTO B MAKETHBIX peAyKTOopax Kaxkaas mapa
NPOMEXKYTOUHBIX Tepefad, TPeOYIOT [BE BTYJKHU-TIOAIIUIHUKA CKOJIKKEHUS W BTYJIKH,
obecnieynBaronIve OrpaHUuEHHs OCEBOTO CMEIICHUs 3yOuaThix Koisiec. [Ipu 3TOM TOYHOCTH
IIeeK BaJIOB M IOCAJOYHBIX OTBEPCTHH KOJIEC YBEIMYMBAIOTCS Ha 1-2 kBamutera. JJTHHBI
KOpIyca W KpPBIIIKK TOYTH HEe U3MeHstoTcsa. Crenyer 3aMeTHT, 4TO MaTepUalIOeMKOCTh
MAKETHOTO PEIYKTOpa YBEIUYMBACTCSA OTHOCUTENIBHO HEMHOTO, 32 CUET YBEIHYEHHS €ro
HIMPHHBL.

Takum oOpaszom, B pabote: - kimaccupuuupyercs PLl Ha makeTHBIX peayKTopax,
NpEeJCTaBIsIETCs  OmpeneieHus  (YHKIMOHAIBHBIX,  BCIOMOTATENBHBIX, CBOOOJHBIX,
CTaTUYECKUX, KHHEMATUIECKUX U JTUHAMUYECKUX pPa3MEPHBIX LeTIeH;

-OMHCHIBACTCS MEXaHM3M BIMSHUS OTKJIOHEHHS OT TMapauIebHOCTH JJIEMEHTOB
MIMOHOYHOTO COEAMHEHHUE 110 OTHOIIEHHIO OCH BaJla Ha KOHTAKT 3aLETUIIOIIUXCS 3yObeB.

OcHoBHBIE BBIBOJBI: 1. BEBISBICHBI M COCTaBIEHBI CXEMBI HEKOTOPBIX pPa3MEPHBIX
erneil NPUMEHHUTENFHO K TAKETHBIM PeAyKTOpaM,

2. IIpu ocymIecTBIEHUH CBSA3M 3y0UYaThIX KOJEC C BaJlaMH MOCPEACTBOM IITIOHOYHOTO
COCIMHEHHS, TMOBBIIIACTCS BIUSHHUE MOTPEUIHOCTEH COOPKM HAa KA4eCTBO 3aLEIUICHHS, YTO
OCJIOKHSIET MeXaHn3M (POPMHUPOBAHUS 3aMBIKAIOIINX 3BEHBEB (PYHKIMOHAIBHBIX Pa3MEPHBIX
LECTIEH.

3. OnHOM M3 BaXXHBIX MPEUMYIIECTB MAKETHBIX PEIYKTOPOB SIBISETCS HCIIOIH30BAHNE
BCETO JBYX IITIOHOYHBIX COEIWHEHUI OBICTPOXOIHOM U THXOXOIHOM mepenavyax. OTcyTcTBue
MIMOHOYHOTO COETMHEHNE Ha OCTAIBHBIX Iepeayax MCKIIYAeT OTPUIATEIFHOE BIUSHUE UX
YTJIOBBIX MOTPEUIHOCTEN COOPKH Ha Ka4eCTBEHHBIE MTOKA3aTeNN PEAYKTOPA.

Cnucoxk autepatypsi: 1. A6nymnae A.U., Hamxados A.H. KauecTBennast oneHka
TEXHUYECKOT'O YPOBHS MAaKETHOTO penykropa, Mocka, BectHuk mamuHoctpoenus, 2008,
No2. c. 6-9. 2. PacynoB H.M. AHanu3 TeXHOJIOTHUECKUX pa3MEpHBIX Liernel (Ha a3ep0. sS3bIKe).
baky. Omm, 2005, 223 c. 3. Comonun W.C., Cononun C.U. Pacuer cOOpoUHBIX Hu
TEXHOJIOTUUECKUX pa3MepHbIX neneil. M.; Mamunoctpoenue. 1980, 110 c. 4. AGnysuiaes
AN., PacynoB I'.H. Pa3z-mepHble nenu Ha mNakeTHbIX peaykropax. baky. Mexanuka-
MamuHocTpoenue, 2010, N: 2. c¢. 5-8.

DIMENSIONAL CHAINS IN THE MULTISTAGE PACKAGE REDUCERS
Abdullaev A.1., Rasulov G.N. (AzTU, Baku. Azerbaijan)
ABSTRACT: This article describes the classification of dimensional chains, formed in package (batch
gears-speed) reducer and circuits dimensional chains of some output parameters of trans, reveals the
mechanisms of formation closing links and driving analysis of influence key joints to exactness to
latest.
Key words: speed-reducer, dimension, chain, pinion, shaft, tooth system.
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