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Anмalternativeмoptionмofмmechanicalмsteplessмimpulseмtypeмtransmissionмforмsmallщsizedмtransportмisмconщ
sideredм inм thisмpaperъмTheмproposedм selfщregulatingмautomaticм steplessм transmissionмallowsм toм signiiщ
cantlyм improveм theм technicalм characteristicsмofмmodernмCVTsщмwithм respectм toмpowerмandмkinematicм
rangesмasмwellмasмdesignмsimplicityъмInмthisмinvestigationшмtheмtheoreticalмanalysisмindingsмofмtheмoperatingм
processesщмdynamicsм andмkinematicsм inм impulseм transmissionмareмpresentedм forм theмATVмcaseм inм theм
MATLabмտмSimulinkмvisualмprogrammingмenvironmentъмItмalsoмcontainsмtheмprojectмeiciencyмassessmentъм
Theмresultsмshowedмthatмtheмproposedмschemeмofмmechanicalмsteplessмtransmissionмofмimpulseмtypeмhasм
theмpropertyмofмvelocityмratioмselfщregulationъмTheмtransmissionмprovidesмtheмvehicleօsмsmoothмaccelerationм
andмuniformмmotionшмwithoutмtheмcenterмdiferentialмrequiredъмAtмeachмwheelօsмslippingмaмtractiveмefortм
willмbeмtransmittedмupмtoмtheмtractionмlimitъмAsмaмresultмtheмwheelмlockмisмnotмrequiredмinмorderмtoмimproveм
tractionмpropertiesъмTheмdesignмofмmechanicalмsteplessмtransmissionмofмimpulseмtypeмisмsigniicantlyмsimщ
plerмandмcheaperмthanмthatмofмtheмexistingмautomaticмtransmissionsшмitмhasмsmallerмinternalмpowerмlossмandм
highмapplicationмpotentialмinмsmallщsizedмvehiclesъ
MECHANICALмSTEPLESSмTRANSMISSION;мIMPULSEмTRANSMISSION;мCVT;мSMALLщSIZEDм
TRANSPORT; SIMULATION; MATLAB; SIMSCAPE; DYNAMICS; OPERATING PROCEDURE; 

ACCELERATION CHARACTERISTIC.
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Advancedмmotorмtransportмisмaмhugeмsegmentмofм
smallщsizedм vehiclesшмwhichм includesмmotorcyclesшм
scootersшмmopedsшмATVшм snowmobilesшм jetм skisм andм
otherм equipmentъмTheseмvehiclesмmanufacturedмbyм
famousмbrandsшмhaveмbeenмsteadilyм improvedшм theirм
varietyмandмinnovativeмdesignмbeingмamazingъмInмreщ
centмyearsмmotobikesшмATVшммsnowmobilesмhaveмbeenм
inмincreasingмdemandъмATVмфAllмTerrainмVehicleхмandм
UTV (Utility Task Vehicle) are vehicles intended for 

travelingмandмcargoмtransportationмinмcrossщcountryм
conditionsшмnotмaccessibleм forмconventionalмcarsмorм
motorcyclesъ
Highмcrossщcountryмcapabilityмandмmaneuverabiщ

lity of such vehicles is provided by application of 

advancedмchassisмcomponentsмandмmechanicalмconщ
tinuouslyм variableм transmissionм фCVTхмwithм autoщ
maticмcontrolмфDuramaticмtypeшм[э]хъмTheмlatterмnorщ
mallyм consistм ofм aм clutchм andм anм electronicallyм
controlledмCVTмVщbeltшмwhichмprovidesмsteplessмtorqueм
transmissionмfromмtheмengineмtoмtheмdrivingмwheelsм
dependingмonмtraicмconditionsъм

The disadvantages of vehicles with CVT are also  

well known: 

эъмNarrowм rangeмofм torqueм transformationм andм
necessity of additional speed gearbox application.

юъмIntensiveмdeteriorationмofмtiresмandмreductionмofм
theirмserviceмlifeмinмfullмlockмofммpowerмdriveмф4̌4хмthatм
is caused by  parasitic power circulation (without the 

interaxleмdiferential).

3. Unavailabilityмofм aм selfщregulationмgearм ratioм
фloadщdependingхмandмtheмnecessityмofмaмCVTммelecщ
tronicмcontrolмsystemмthatмdoesмnotмfullyмsatisfyмtheм
working conditions.

4ъмLimitedмuseмofмthisмtypeмvehiclesмbyмdomesticмм
motoristsмdueмtoмhighмcostмofмimportedмequipmentъ
Theмnoveltyмofмtheмpresentedмengineeringмprojectм

isм thatм itмprovidesмtheoreticalмbasisм forмeiciencyмofм
alternative stepless selfщregulatedмimpulseмtransmisщ
sionм фinsteadмofмCVTм[ю]хм forм smallщsizedмvehiclesъм
Thereм areм variousм designsм ofмmechanicalм impulseм
transmissionsм[яшм4шм5шм6]ъмTheyмareмbasedмonмconverщ
sion of the drive shaft rotation into angular oscillation 

ofмtheмintermediateмlinkшмamplitudeмofмtheseмoscillaщ
tionsмchangingмautomaticallyмorмmanuallyмatмloadingм
change on the driven shaft. Then angular oscillations 

ofмtheмintermediateмlinkмareмtransformedмintoмunidiщ
rectionalмrotationмofмtheмdrivenмshaftмbyмmeansмofмaм

freeмwheelingмclutchмфFWCхшмtheмgreaterмtheмoscillaщ
tionsмamplitudeмofмtheмintermediateмlinkмtheмgreaterм
the driven shaft velocity.

Applicationмofмimpulseмtransmissionsмforмvehiclesм
increasesмtheirмeiciencyшмnamely:

an additional speed gearbox is not required due 

toмaмwiderмrangeмofмtorqueмtransformation;
manoeuvrabilityмandмcrossщcountryмcapabilityмareм

increasedмdueмtoмinternalмautomaticityмфselfщregulationм
of gear ratio);

theмpermanentмwheelмdriveмwithoutмcirculationмofм
parasiticмpowerмwithмautomaticмcompensationмofмkiщ
nematicмdiscrepancyмisмprovided;
transmissionмisмsimpliiedмandмreducedмinмcostмbyм

eliminatingм theмuseмofм importedм componentsм andм
applicationмofм aм simpleмdesignм implementedмatм anм
accessible technological level;

maximumмeiciencyмisмensuredмdueмtoмtheммreplaceщ
mentмofмtheмfrictionмvariatorмфCVTхмandмtorqueмtransщ
missionммbyмselfщbrakingмfrictionмinмFWCмinsteadмofм
frictionщslipмlikeмinмCVTъ

Analysis shows that in order  to raise technical and 

economicмeiciencyмofмmodernмsmallщsizedмvehiclesм
itмwouldмbeмadvisableм toмuseм simpleм selfщregulatingм
mechanicalмsteplessммtransmissionsшмhavingмaмcompactшм
simpleмdesignмandмlowмcostъмAccordingмtoмtheммpubщ
lishedмevidenceм[4шм7шм8шм9шмэь]мitмisмknownмthatмgearм
ratioмchangesмinмimpulseмtransmissionмcanмbeмachievedм
notмonlyмbyмchangingмtheмoscillationsммamplitudeмbutм
alsoмdueмtoмtheмlinksмelasticмdeformationшмforмexampleм
thatмofмtheммtorsionмshaftшммconnectedмwithмtheмFWCъм
Suchмengineeringм solutionм simpliiesм theмdesignмofм
impulseмtransmissionмandмallowsмtoмarrangeмtheмpartsм
ofмtransmissionмinмoverallмdimensionsмofмtheмexistingм
CVTмфDuramaticхъ
Thisмstudyмisмaimedмatмtheмinvestigationмofмvehicleм

dynamicм characteristicsм withм suchм transmissionшм
namelyмjointмoperationмofмtheмengineшмclutchмandмstepщ
lessм impulseм transmissionмduringм accelerationмandм
uniformмmotionъмAnмexampleмofмtheмkinematicsмofмanм
elementaryмimpulseмtypeмtransmissionмforмallщwheelм
driveмф˗˩Vхмisмshownмinмigъмэъм
Atмtheмheartмofмsuchмtransmissionмisмtheмprincipleм

of  the gear ratio regulation in response of to load 

changesмbyммautomaticallyмchangingмtheмswirlмangleм
of torsion shafts 6 connecting  the driven links of 

FWCм5 with the output shafts 7.
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FigъмэмTheмkinematicsмofмanмelementaryмimpulseмtypeмtransmission
forмallщwheelмdriveмф˗˩Vх:м1 – engine; 2мտмautomaticмcentrifugalмclutch;

3 – reducer; 4мտмhingedщleverмmechanismмфgeneratorмofмmechanical
oscillations); 5мտмfreeмwheelingмclutchмфFWCх;м6 – torsion shaft;

7 – cardan drive; 8 տммdiferential;м9 – driving wheels.

Transmissionмoperatesм asм followsъмTheм rotationм
fromмtheмengine 1шмtheмcentrifugalмclutchм2 and the  

reducer 3мwithмangularмvelocityмʮмisмtransmittedмtoмtheм
hingedщleverмmechanismм4шмgeneratingмangularмoscilщ
lationsмofм theмFWCмdrivingмpartsм5 with constant 

amplitudeмʫьъм Inм caseмofмharmonicмoscillationsм itsмм
angular speed is equal to

ʮэ = ʫьмʮмsinмфʮмt).

If there is no resisting  torque on the driving wheels 

9м фtheoreticallyхшм theм torsionм shaftsм 6шм connectedм
through the cardan drives 7мandмdiferentialsм8 with 

the drive wheels 9шмareмnotмloadedмbyмtorqueъмTheirм
swirl angles for a cycle oscillation are theoretically 

equalмtoмzeroшмwhileмgearмratioмdueмtheмtorsionмshaftм
deformationм6 i =мэъмIfмangularмvelocityмofмtheмdrivingм
wheels 9 and cardan drive 7мbecomesмsmallerмbyммreщ
sistingмtorqueшмtheмswirlмanglesмofмtheмtorsionмshaftsм
varyмproportionallyмtoмtheмload;мinмcaseмofмmaximumм
deformationмofмtheмtorsionмshaftм6мinмtheмֈstaleмcondiщ
tion։шмtheмinternalмgearмratioмwillмbeмequalмtoмi =мьъм 
Inмoperatingмprocedureшмtheмsmallerмgearмratioмiшмtheм
earlierмFWCм5мisмswitchedмonмandмlaterмswitchedмofшм
andммtheмgreaterмareмmaximumмandмaverageмswirlмanщ
gles of torsion shafts 6шмasмwellмasмtheмaverageмtorqueм
transmittedм toм theм drivingмwheelsм9ъм Inм thisм caseшм
torqueмtransmissionмfromммtheмengineмэмthroughмFWCм
5 to the front and rear axles is carried out with a phase 

lagмэ8ьмdegъ
The clutch 2м isмusedм forм smoothмbreakawayмandм

acceleration with a necessary intensity. The reducer 

3 is required to lower the engine speed with a view to 

decreasingмtheмfrequencyмofмFWCмengagingъмReverseм
motionмatмthisмschemeшмisмprovidedмbyмtheмFWCмreverseм

operationм [ээшм эю]м фnotм shownхъмTheмprocedureмofм
determinationмofмATVмtractiveщdynamicмcharacterisщ
ticsмandмtheмsimulationмresultsмareмpresentedмbelowъ

Initial data:

Grossмvehicleмweightмտм55ьмkg;мmaximumмspeedм
տм8ьмkmыh;мengineмcapacityмщмя8мkW;мtypeмofмdrivingщ
wheelsмտмATю5h8щэюмфю6h8щэ4х;мwheelмarrangementм
տм4γ4;мtraicмconditions:мcoeicientмofмmotionмreщ
sistance fм=мьшьэ5шмandмtractionмcoeicientмofмμм=мьш65шм
without considering the wind load; upgrading – at 

leastмю5мdegreesъм
Theмoperatingмproceduresмsimulationмofмtheмmeщ

chanicalмimpulsмtransmissionмwasмperformedмinмMATщ
LABщSIMULINKм[эяшмэ4]ъмTheмblockмdiagramмofм
powerмtrainмconsistingмofмseveralмsubsystemsмisмshownм
inмigъмюъ

Inertial properties of the rotating shafts and gears 

areм takenм intoм accountмbyмmeansмofм theмֈInertia։м
blocksъмTheмinertialмpropertiesмofмtheмengineшмclutchщ
esшмdrivingмwheelsмandмATVмchassisмoptionsммareмemщ
beddedмinмtheмparametersмofмtheмrelevantмsubsystemsъм
Sensorsмofмangularмvelocityмandмtorqueшмasмwellмasмtheм
signal receivers are not shown.

SIMULINKмblockмdiagramмisмmadeмupмofмseveralм
subsystemsъ
эъмSubsystemмэмտмֈEngine։шмincludes:
blockм«Engine»мfromмtheмSimulinkмlibraryм«Simщ

scapeмщмSimDriveline»мwithмtheмfollowingмparameters:мм
theм engineм typeмտмpetrolшм theмmaximumмpowerмտм 
5ьмhpшмtheмmaximumмspeedмտм65ььмrevыmin;мinertiaм
տмьшэмkgм·мmю; Engine power speed characteristic is 

approximatedмbyмaмpolynomialмofмtheмthirdмdegree;
blockм«SignalмBuilderмымThrottle»м[э5]шмdetermiщ 

ning the engine fuel supply.
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FigъмюъмSIMULINKмblockмdiagramмofмtheмATVмwithмsimplestмsteplessмmechanicalмimpulsмtransmission
Here: 1 – engine; 2 – clutch; 3 – reducer; 4.1 and 4.2мտмgeneratorsмofмmechanicalмoscillationsмinмthe
frontмandмrearмpowerмcircuitшмrespectively;м5.1 and 5.2 – free wheeling clutches; 6.1 and 6.2 – torsion

shafts (taking into account hysteresis losses); 7.1 and 7.2мտмcrossщaxleмdiferentialsмinмtheмfrontмandмrear
axles; 8.1 and 8.2 – driving wheels of the front and rear axles; 9 –ATV body

юъмSubsystemмюмտмֈClutch։мincludes:
blockм«DiskмFrictionмClutch»мfromмtheмSimulinkм

libraryм«SimscapeмտмSimDriveline»мwithмtheмfollowщ
ingмparameters:мtheмtypeмտмdiskшмtheмefectiveмradiusм
ofмtheмfrictionмdiscsмտм6ьмmm;мtheмdiscsмnumberмտмю;м
theмclutchмtypeмտмhydraulic;мtheмpistonмactuatorмcyщ
linderмareaмտмьшьь5mю;м frictionмcoeicientмфstaticмым
dynamicхмտмьш7мымьш55;
blockм«SignalмBuilderыPressure»мdeterminingмtheм

acceleration rate in clutch switching.

яъмInertiaмofммrotatingмmassesмտм«Inertia»мblocksм
fromмSimulinkм libraryм«SimscapeмտмMechanicalмտм
RotationalмElements»мտмonмtransmissionмinletм«Inerщ
tiaэ»мandмonмtheмFWCмoutletм«Inertiaюъэ»мandм«Inerщ
tiaюъюмareмequalмrespectivelyмьш5мandмьшьььэмkgм·мmю.

4. Reducer (3хмտмaмstandardмblocм«SimpleмGear»м
fromмSimulinkмlibraryм«SimulinkмտмSimscapeмտмSimщ
DrivelineмտмGears»мwithмaмratioмequalмtoмяъ
5ъмHingedщleverмmechanismsм«ImpulsмGenerator»м

(4.1 and 4.2хмformмmechanicalмharmonicмoscillationsм
withмaмconstantмamplitudeмʫьм=мьшя5мradмinмtwoмpowerм
lowsмфfrontмandмrearмaxlesхмwithмaмphaseмlagмэ8ьмdegreesъ

6ъмFWCм«UnidirectionalмClutch»м ф5.1 and 5.2) 

convertsмharmonicмoscillationsм intoмunidirectionalм
motionмofмtorsionмshaftsмտмblockмofмSimulinkмlibraryмм
«SimscapeмտмSimDrivelineмտмClutches»ъ
7ъмTorsionмshaftsм«TorsionalмSpringмտмDamper»м

(6.1 and 6.2хмտмblockмfromмSimulinkммlibraryм«Simsщ
capeмտмSimDrivelineмտмCouplingsмтмDrives»ъмTheyм
haveм theм followingмparameters:м angularм stifnessмofмм
юэььмN·mыradшмdampingмcoeicientмofмьшьэмNм·мmмым
(rad/sec).

8ъмTheмcrossщaxleмdiferentialмmechanismsм7.эмandм
7.2м«Diferential»мտмdistributesмtorqueмtoмtheмdrivingм
wheelsмofмtheмfrontмandмrearмaxlesмwithмaмratioмofмьш7ъмм
Blocksмfromмaмlibraryм«SimulinkмտмSimscapeмտмSimщ
DrivelineмտмGears»ъ
9ъмTheмdrivingмwheelsм8.1 and 8.2мտмformмaмlongiщ

tudinal traction force proportional to the weight and 

tractionмcoeicientъмTheмwheelsмradiusмisмьшяюмmшмtheм
loadмonм theмwheelм inм aм staticмpositionм isм uniformъм
LongitudinalмlinearмstifnessмofмtheмtiresмտмэьььмkNыm;м
longitudinalм tireм dampingм coeicientм տм эьььмNы
фmыsх;мinertiaмտмьш5мkgм·мmю.
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эьъмSubsystemм9мտм«Vehicleмbody»шмincludes:
«Vehicleмbody»мblockммfromмtheмlibraryм«Simscapeм

щмSimDrivelineмտмTiresмтмVehicles»мwithмparameters:м
massмտм55ьмkg;мnumberмofмwheelsмperмaxleмտмю;мfrontм
areaмտмэш5mю;м dragм coeicientмտмьш4;мmassм centerм
coordinatesмտмьш6ыьш6ыьш5мmъ
Theмtotalмeiciencyмofмtheмmechanicalмpowerмtrainм

фincludingмlossesмinмtheмgearingшмdiferentialsшмbearingsм
andмothersхмisмassumedмequalмtoмηм=мьш9юъ
Theмsimulationмresultsмofмtheмsteplessммtransmission›sм

operationмparametersм inм acceleratingм fromм stopм toм
maximumмspeedмareмshownмinмigъмямտ6ъ
Atмtheмinitialмstartingмpointмфsmoothмclutchмswitщ

ching and the fuel feed increasing) the engine torque  

isм transmittedм throughм theм reducerм3 to the second 

intermediateм shaftъ Nextшмbyмmeansмofмunregulatedм
hingedщleverмmechanismsм4.1 and 4.2 the rotation is 

convertedмintoмtheмangularмoscillationsмofмFWCмleadingм
links 5.эмandм5.2мwithмphaseмbiasмэ8ьмdegreesмфigъмяхъ
TwoмFWCмфoneмforмeachмaxleхмtransmitмtorqueмonlyм

in one direction. Idle running is carried out in the 

otherмdirectionъмThereforeшмtheyмconvertмtheмangularм
oscillationsмintoмunidirectionalмrotationшммthatмisмtransщ
mittedмbyмmeansмofм theм torsionм shaftsм6.1шм6.2 and 

crossщaxleмdiferentialsм7.1 and 7.2 to the front and 

rear driving wheels. 

Theмlargerмtheмoscillationмamplitudeшмtheмhigherм
rotation speed of the driving wheels. In this case the 

wheelօsмspeedмchangesмautomaticallyмaccordingмtoмtheм
resistanceмmovementмatмconstantмofмFWCмoscillationм
amplitudeъм

If the resistance on driving wheels is great (acщ
celerationмstartхмandмtheyмrotateмatмaмlowмspeedшмtheм
mainмpartмofмtheмFWCмcycleмisмswitchedмonшмitsмdrivenм
links oscillate together with the driving links and only 

aмsmallмportionмofмtheмFWCмcycleмisмswitchedмofъмThisм
isмaccompaniedмbyмtheмappearanceмofмfreeмoscillationsм
of the driven links – splined end of the  torsion shaft 

фseeмigъм4шa).

Itмisмimportantмtoмobserveмthatмfrequencyмofмnatuщ
ral oscillations of  the torsion  shaft with the driven 

linksмofмFWCм isмmuchмhigherм thanмoscillationм freщ
quency generated by theмhingedщleverмmechanisms. 
Thisмisмaмprerequisiteмthatмmustмbeмprovidedмbyмtheм
designшмbecauseм transmissionмcanмworkмonlyмbelowм
resonance band.

Ifмresistanceмatмtheмdrivingмwheelsмisмsmallмфatмtheм
accelerationм endхшм theмoscillationsмofмFWCмdrivenм
linksмofмareмveryмcloseмtoмtheмmaximumмvalueмofмtheм
angularм velocityмofм theмdrivingм linksм фigъм 4шbхшм theмм
torsion shaft twisting is reduced. Inertiaмofмtransmisщ
sionօsмdrivenмpartsмisмsuicientlyмlargeшммthereforeмanщ
gularмvelocityмreductionммduringмoneмcycleмфoneмrev̅щ
lutionмdrivingмshaftхмisмimmaterialъ
Swirlмanglesмofмtorsionмshaftsмperмcycleмvaryмfromмzeroм

upмtoмaмmaximumмvalueмequalмtoмtwiceмtheмoscillationsм
amplitudeмofмtheмFWCмdrivingмlinksмфigъм5шмaшмb).

Ifмresistanceмonмtheмdrivingмwheelsмisмsmallerмthanм
torqueмfromмtheммswirlмangleмofмtheмtorsionмshaftшмtheм
wheelsмareмdrivenшмifмotherwiseшмtheмwheelsмareмinмtheм
ֈstaleмcondition։ф with  the iredмengineхъмTheмaverщ
ageммtorsionмshaftօsмswirlмangleмisмequalмtoмtheмoscillaщ
tionsօмamplitudeмofмtheмFWCօsмdrivingмlinksшмandмtheм
average torque on the driving wheels is equal to the 

averageмtwistмangleмmultipliedмbyмtheмangularмstifnessм
of the torsion shaft and the gear ratio of the wheel 

diferentialъ
Theмmaximumммtorsionмswirlмangleмisмreducedмfromм

ю4мtoмэьмdegreesшмwithмATVмincreasingмspeedмфigм5шм
aшмb). Theмdecreasingмdeformationмofм theм torsionм
shaftsмoccursм automaticallyм andм isмproportionalм toм
theм vehicleօsм accelerationм reductionш being deterщ
minedмbyмtheмengineօsмexcessмcapacityмoverмtheмresisщ
tance power.

Fragmentsмofмoperatingмcurvesмofммtransmissionм
տм theм inputм torqueм фlinksм 4ъэм andм4ъюшмigъм юхм andм
outputмtorqueмфlinksм7ъэмandм7ъюхмinмtimingмareмshownм
inмigъм6ша. 
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Fig. 3.мAngularмspeedмфradыsecхмofмtheмFWCмdrivingмlinksмformedмby
mechanicalмoscillationsмgeneratorмinмtheмaccelerationмinitialмperiodмinмthe

intervalмfromмьмtoмюмseconds

Fig. 4. Angular velocity (rad/s) of driving and driven ends of torsion

shaft: aхмatмtheмaccelerationмstartмforмaмperiodмofмьшю5мsecondsмфfromмэш5
toмэш75мsecъх;мbхмatмtheмaccelerationмendммforмaмperiodмofмьшю5мseconds

фfromмэ9ш75мtoмюьшьмsecъх

Angularмvelocityш
rad/sec.

a)

b)

Angularмspeedш
rad/sec.

tшмsec

tшмsec

tшмsec

Angularмvelocityш
rad/sec.
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Figъм5ъмCyclicмangleмdeformationмфdegreesхмofмtheммtorsionмshaft:мa) at the acceleration

startмforмaмperiodмofмьшю5мsecondsмфfromмэш5мtoмэш75мsecъх;мb) at the of acceleration end

forмaмperiodмofмьшю5мsecondsмфfromмэ9ш75мtoмюьшьмsecъх

tшмsec

Cyclic angle

deformationш
degr.

tшмsec

a)

b) Cyclic angle

deformationш
degr.
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Figъм6ъмDynamicмparametersмofмATVмacceleration: амտмmomentaryмand
averageмtorqueмvaluesмфN·mхмatмtheмinputмфwhiteмbackgroundшмblackмcurveх
andмaggregateмmomentaryмandмaverageмtorqueмvaluesмonмoutputмshaftмof
impulseмtransmissionмфdarkмbackgroundшмtheмblackмcurveхмinмtheмtime

intervalмfromмьмtoмю5мseconds;мbмտмchangeмofмtotalмmomentaryмandмaverage
tractiveмefortмфNхмofмdrivingмwheelsмфlightмbackgroundшмblackмcurveхмinмthe
timeмintervalмfromмьмtoмю5мseconds;мcмտмchangeмofмATV›sмspeedмфkmыhхмin

theмtimeмintervalмfromмьмtoмю5мseconds

Theмtransmissionмpowerмrangeммd (output to input 

torque ratio) is:

max

max

mean (2 M81 2 M82) 400
6,2

mean(M3 ) 65
d

 ⋅ + ⋅ = = =

thatмexceedsмtheмtorqueмtransformationмrangeмofмtheмм
existingмcontinuouslyм variableм transmissionsъмHereм
theм subscriptм «max»мmeansм theмmaximumмaverageм
value of torque over the whole range of gear ratios.

c)

Tractiveмefortш
Nm

a)

b)

Torqueш
Nm

tшмsec

tшмsec

tшмsec

Speedш
Kmыh
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эъм POLARIS.м Theм Wayм Outъм юььям ATVъм Universalм
OwnerօsмManualмforмVehicleмMaintenanceмandмSafetyмыым
PolarisмIndustriesмIncъмCopyrightмюььюъмPъмэ5яъ

юъмArctic Cat Service ManualмforмtheмюьэюмArcщмticмCatм
XCм45ьiмATVмыымProductмServiceмandмWarrantyмDepartщ
mentмArcticмCatмIncъмCopyrightмюьээъмPъмэюяъ

3. George Constantinescoъм Inertialм Transmissionъм
http://www.rexresearch.som /constran/1constran.htm.

4. Blagonravov A.A.м Theм mechanicalм continuouslyм
variableмtransmissionмымUralмBranchмofмRussianмAcademyм
ofмSciencesъмEkaterinburgшмюьь4ъмPъмюьяտюь4ъ

5. Blagonravov A.A., Hoodorozhkov S.I.мDynamicsмofм
theмmechanicalмcontinuouslyмvariableмtransmissionм[Theм
dynamicsмofмtheмmechanicalмcontinuouslyмvariableмtransщ
mission]ъмProblems of mechanical engineering and reliabil-

ityшмюььюъм6ъмPъмэ9տю4ъ
6ъм The patent of Russia №2252351.м Theм mechaniщ

calм selfщregulatingм continuouslyм variableм transmissionм ымм
Hoodorozhkov S.I.

7. Blagonravov A.A., Hoodorozhkov S.I.м Dynamicм
behaviorм ofм theм selfщregulatingм mechanicalм continuщ

ouslyмvariableм transmissionъмMaterials of the All-Russian 

scientiicоpractical conference «Reducer’s building of Rus-

sia: state, problems and opportunity»ъмStъмPetersburgшмюььяъ 
Pъмэ9юտэ94ъ

8. Blagonravov A.A., Revnyakov Ye.N.мTheмmechaniщ
calмcontinuouslyмvariableмimpulseмtypeмtransmissionъмMo-

tor-car industryъмюьь7ъм№м5ъмPъмээտэ4ъ
9ъ Hoodorozhkov S.I.мSimulationмofмtheмimpulseмtransщ

missionօsмdynamicsммwithмanмelasticмlinkageъмInteruniver-

sity collection of learned works «The continuously variable 
transmissions and freewheel mechanisms»ъKaliningradшм
юььэъмPъмэ4юտэ48ъ

эьъм Blagonravov A.A., Hoodorozhkov S.I. External 

characteristicм ofм theм multithreadedм continuouslyм variщ
ableмtransmissionмwithмelasticмlinkagesъ Collection of Short 

Message «XXII Russian School on Science and Technol-
ogy»ъмYekaterinburgшмюььюъмPъм8юտ84ъ

ээъмLester W.T.мIninitelyмVariableмTransmissionмUtiщ
lizing Oscillating Torque. http:ррebookbrowseпcomрini-

nitely-variable-transmission-utilizing-oscillating-torque-

doc-d420263879.
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Anмadditionalмadvantageмofмimpulseмtransmissionм
isмthatмitмallowsмtoмworkмaмlongмtimeмinмsoщcalledммֈstaleм
condition։м фdrivingмwheelsм stopмwhenм transmittingм
torqueмfromмtheмengineхмandмhasмatмtheмsameмtimeмtheм
theoreticalмtransformationмratioмKшмequalмtoмininityъ 
RealмKм factorмhasмaмiniteмvalueшмbecauseм thereмareм
hysteresisм lossesм inм loadingщunloadingм cyclesшм butм
these losses are negligible.

TotalмtractionօsмchangesмфNхмofмtheмATVօsмdrivingм
axlesмduringмtheмaccelerationмareмshownмinмigъм6шb.  

Maximumмoscillationмamplitudeмofмtheмtotalмtractiveм
forceмamountsмtoм6ььмHмwithмanмaverageмofмэюььмNм
andм isм implementedмatм theмaccelerationм startшм thenм
tractionмgraduallyмdeclinesъмTheмoscillationsмampliщ
tude of the total tractive force at the acceleration end 

isмaboutмofмэ5ьмNмwithмanмaverageмofмю5ьмNъ
Theмoscillationмamplitudeмofм theм м intermediateм

linksօмtorqueмфatмaмfrequencyмofмэьмtoмяьмcyclesыsecхм
andмdrivingмwheelsм tractionм фюьտ6ьмcyclesыsecхм isмм
ilteredмandмprovidesмATVмsmoothмaccelerationмandм
uniformмmotionмфigъм6шc) due to the vehicle inertia 

andмtheмchassisмdampingмproperties. The graph shows 

thatмtheмATVмacceleratesмsmoothlyмtoмaмspeedмofмaboutм
8ьмkmыhмinмю5мsecondsъмTheмdrivingмwheelsօмslipмatм
constantмengineмspeedsмisмofмtheмorderмэсъ
Asмaмresultмofмtheмperformedммtheoreticalмstudyмitмм

wasмdetermined:
эъмTheмproposedм schemeмofм simpleмmechanicalм

steplessмtransmissionмofмimpulseмtypeмhasмtheмpropщ

ertyмofмselfщregulationмcontrolъмThusшмforмtheмperiodм
ofмATVмaccelerationмfromмaмstandstillмtoм8ьмkmыhourм
withмanмincreaseмinмtheмengineօsмangularмvelocityмfromм
75мtoм6ььмradыsecшм theмaverageмangleмofм theм torsionм
shaftsօмtwistмhasмchangedмfromмэ5мdegreesмinмtheмinitialм
phaseмupм5мdegreesмщмatмtheмendшмiъeъмtransformationм
ratioмisмяъмAtмtheмsameмtimeшмtakingмintoмaccountмtheм
engine acceleration and tire traction the total average 

tractiveмforceмofмtheмdrivingмwheelsмhasмchangedмfromм
4ььмtoмэььмNъмThisмtransmissionмprovidesмtheмATVօsм
smoothмaccelerationмandмuniformмmotionъ
юъмTheмFWCмdrivenмlinksм мareмnotмconnectedмtoм

eachмotherмkinematicallyшмandмthereforeшмtheмpowerмtoм
the driving wheels of the front and rear axles is transщ
mittedмindependentlyмinмaccordanceмwithмtheмelasticм
characteristicмofмtheммtorsionмshaftsшмiъeъмtheмdrivingм
wheelsм canм rotateмwithмdiferentм angularм velocities;м
theмtorquesмtransmittedмtoмtheмdrivingмaxlesмareмdeterщ
minedмbyмelasticмcharacteristicsмofмtheirмownмtorsionм
shaftъмApplicationмofм theм centerм diferentialм isм notм
requiredъмWhenмwheelsмofмoneмdrivingмaxleмslipшммtheм
otherмdrivingмaxleмwillм transmitмtractiveмforceмupмtoм
theмtractionмlimitsъмThereforeшмtheмcentralмdiferentialм
lockingмinмorderмtoмimproveмtractionмpropertiesмofмtheм
driving wheels is not required.

3. The design ofм theм selfщregulatingмmechanicalм
impulseм transmissionм isм signiicantlyм simplerм andм
cheaperм thanмavailableм automaticм transmissionsшм itм
has less internal power loss and a high application  

potentialмinмsmallщsizedмvehiclesм[э6]ъ
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э4ъ ǗǵǦǰǲǰǨǬǰǤ Ǔ.Ǌ. ˩˼̅̇˿̖м ˿м ̈˿̈̉˼̃̒м ˷˹̉̅̃˷щ
̉˿̎˼̈́̅˺̅м ̊̆̇˷˹̂˼̄˿̖ъм ˦̅̈̉̇̅˼̄˿˼м ̌˷̇˷́̉˼̇˿̈̉˿́м
˨˗˪м˹м̈̇˼˻˼мSimulink:м˪̎˼˸ъм̆̅̈̅˸˿˼ъм˨˦˸ъ:м˟˾˻щ˹̅м
˦̅̂˿̉˼̌̄ъм̊̄щ̉˷шмюьэ4ъм5ям̈ъ

э5ъм ǗǵǦǰǲǰǨǬǰǤ Ǔ.Ǌ. ˩˼̅̇˿̖м ˿м ̈˿̈̉˼̃̒м ˷˹̉̅щ
̃˷̉˿̎˼̈́̅˺̅м ̊̆̇˷˹̂˼̄˿̖ъм ˗̄˷̂˿˾м ˿м ̈˿̄̉˼˾м ˹м ̈̇˼˻˼м
Simulinkъм˘˿˸̂˿̅̉˼́˷м̈̉˷̄˻˷̇̉̄̒̌м˸̂̅́̅˹:м˪̎˼˸ъм̆̅щ
̈̅˸˿˼ъм˨˦˸ъ:м˟˾˻щ˹̅м˦̅̂˿̉˼̌̄ъм̊̄щ̉˷шмюьэяъм9ьм̈ъ

э6ъм ǗǵǦǰǲǰǨǬǰǤ Ǔ.Ǌ., ǅǢǭǽǺǧǤ Ǡ.Ǆ. ˛˿̄˷̃˿́˷м
̇˼́̊̆˼̇˷̉˿˹̄̅˺̅м ̃˼̌˷̄˿̎˼̈́̅˺̅м ˸˼̈̈̉̊̆˼̄̎˷̉̅˺̅м
̆̇˿˹̅˻˷м̉̇˷̄̈̆̅̇̉̄̅˺̅м̈̇˼˻̈̉˹˷мыымˤ˷̊̎̄̅щ̉˼̌̄˿̎˼щ
̈́˿˼м˹˼˻̅̃̅̈̉˿м˨˦˸˦ ъ˪мюьэяъм№мямфэ78хъм˨ъмюэ6տюююъ
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