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The methods ofmodeling for gear system are shown∞

foliowi,mg：
·A pmmetric model ofhv。lute gear is esⅡblished
by using Pro E T蛔咖special抽∞缸e
Mechathsm：Pro．methfee-dimenslonelmodel canbe

mmKened directl)’曲ADAMSto avoiddataloss
AII con帅Is and tmpoaant markers can also be
衄m自耵edtoADAMs 1kmethodisinmxhcedin

。鬈东勰篙⋯蝴帅。
L矾”∞埘K删

VirtuaI n咖唧i雌T∞hoIo甜is a new technology
whichis applied∞mformthe product捌皿andjm州
the硎1lct矾d抽硼删Thc慨Jmology comhi峭
assemblies d∞ign砌analysisk幽b盯intheprocessof
耐lJc【dswl唧eat,Ⅻd the whok础I of"ubn is
established in the computer．UndH the m：II珀1 wwk
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effic岫n nmⅡ血鞴ioⅡand a long 1ith The mechanical

performance andwork口nthm岫ofthe gear system have
a辨nimpacl onthemachmery system．
Inthispaper,the幻埘modelofinvolute cylindsr gearis
es乜blished in Pro_E Based 01]the viaml prototy衄
technology,coⅡsi如dw the influence offiic'don oG tmpac-t
load,the dynaJⅡics删el of invohne删sⅧ蛔is
establishut and the由∞幽simulation is realized．
Com硼'ed the slmulalion i瑚elt with theoretical result,缸
mode]is proved∞be feasible and correct Tbc vsl枷oB吲and ieaction of the盘i‰coefficient矗nd埘蚰ve
sliding∞捌between gear teeth are mH删hcd．which can
lay也e foundation for deeply study咄the幽Iodd
Ⅳop删csofgearmeshing
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detailin【41．
Gears aleⅫ'mbled in PI啦aad the formet of
model is convened to IGES·st自eelithograpby or
Rendef．岫thenewmodel documentisiqⅢ“
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ADAMS has sⅡc哪abliliy in the dynamics si删佃
柚d pos∞rofessot"analytin Butits岫吨M帅poor．
To血o complexmech咄so∞fiefines end自Ⅲ自嘲衄y be
Iotasthemodelisi唧删toADAMSbyusingthe second
method．So the first method h applied to emabl／sli恤gear
systanmodeI anda'amf日恤d瓶Fig 1 dⅪ啪theVirtual
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There aretwotypes of contact如mes Onels b∞cd on

／,．pact function the other Is based on the Restitution

fonction_TheImpactfimedon caLculatestheimpactforce oD

the basis ofedflil瞄c帆师cient and damping coetflciem and
the Restitutionfonedonls ontheklsis of pemltyfunction
and gocfileiem of rcstitotion Inthis悱LtheimDadforce
is obtainedbvIkImpactfunctionill whichtheInil)actfolee

ls simulated as a nonlinear spring damper．Fig．2 shows the

contactimpactmodcl ofADAMS

RgK2 comalm■nmodelofADdS

』ⅢⅢfunction can begivenby
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(1)

whde j is ac“distancebetweenthetwo objeels(defined
with a displacemem ftmeaon)，x is time rata of change of

the variablex，。l istriggerdistance usedto determinewhen

the co啦nforcetams oil and offand should be specified∞
a real comtant value，P is stiffness force Cxponen；cmx is

the maximum value of damping coefllci舯t,d is the

damping ramp-up distance，and I is stiffm≈cocfllcicm
which cmbeobtainedhmn月帅theory．
According to Hertz theory,^is a v”kable which

depends OD the mataml and sIa'actoral shaDe ofthe object．
Relevant eqtmdons arc shown∞follows：

}；=月172占 (2)
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where R1 and R2 aretheHdittses ofthe contact point onthe

}wo imp“t objcc瞳舶and∥2㈣th Poi on，㈣ti s．El
and￡2撇me el∞hcⅡ州uks

c Dm4m船SimulationResultsandAnalysis

The parametersofthe gear pair axelistedinTABLE I

Driving gear rotates atthe eoastant angular veloeity of 360

degree per second h orderto avoid a St!dden changeofthe

10蚰，a stepfonctfon step(time，仉O，0 2,1 50000)is appliedto
exen a torque 0n the driven gear gradually Rotation

comtraints an Iaid Oll the shaR centecs ofdrivmg gear and

driven gear andtheirolmCt comtraintislaid betweeitthegear

pair Runa simulationfor05 secondswlthl200啦∞

TABLE L P^R^ME'ttlZ5CeTnE0￡心PAIR
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From the figure above，the velocity of driven gear is
raised gradually at the beginning of mn．The meshing force

has some sudden changes because of the great impact
between the gear pair．After 0．2 seconds，the velocity of the

driven gear becomes smooth and enters a stable stage．The
meshing force fluctuates around a certain average value，
which is the result ofmeshing in and out ofthe gear pair in a

certain cycle．

11圮theoretical values of the angular velocity of driven
gear and meshing normal force are compared with the

corresponding simulation values．ne parametric values are
listed in the TABLE II．11地锄r is the absolute value ofthe
ratio for the difference of simulation value and theoretical
value and the theoretical value【5】．

瑚I点Ⅱ．CON咿ARIs0NOFlrI也THEOREllCALVAIl7EAND
S刀MULATl0N VALUE

Comparimn item Angular velocity of Meshing normal
driven gear if／s) foroe(M

Theoretical value 243．53 3755．92

Simulation value 244．96 3800．65

Error(％) O．59 1．19

From TABLE II，the erl'or is reasonable in the se嚏lse of

engineering，which can prove the correctness of the virtual

prototyping model．

The friction force is resolved by the Column friction

algorithm based on the relative sliding speed in the ADAMS．

To the lubricated steel material，the static friction force

reaches the maximum value at the speed of 0．1 millimeters
per second．When the sliding speed is larger than 10
millimeters per second,there is only constant dynamic
friction force between the meshing teeth．The dynamic
friction cocfficient is 0．05 and the static friction coefficient is
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Figure 6．喇vc sliding叩eed ofmeshing teeth
The meshing process of the gear pair is divided to two

parts．From 0．233 seconds to 0．2787 seconds，two pairs of

teeth arc meshing from the site where the gears start touching
to the pitch point．The relative sliding speed decreases

gradually until the pitch point at which the meshing teeth
remain static．The dynamic friction coefficient converts to
the static friction coefficient and then to the maximum static
friction coe衔cient．From 0．2787 seconds to 0．3229 seconds．
the relative speed increase gradually until the teeth separate．
The static friction coe伍cient converts to the dynamic
friction coe历cient．The analysis results of the friction
coe伍cient and the relative sliding speed bv舢)AMS accord
with the actual situation．

Based on the relationship between the friction coe伍cient
and time and the relationship between the relative sliding
speed and time，the relationship between the伍etion
coemcient and the relative speed is obtained．The

relationships in the two stages above are in good accordance．
In the stage where the relative sliding speed decreases，the

relationship between the two parameters is shown in Fig．7．
He∞．only the relative sliding speed less 15 millimeters per
second is shown．

0．08．The simulation result of the friction coefficient and 0．08

relative sliding speed 8re shown in the Fig．5 and Fig．
6．
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Figure 7．Relationship between relative sliding speed
and friction coefficient

From the figure above，the relationship between the
relative sliding speed and the friction COe衔cient accords

with the Colunm friction theory of ADAMS．When the
relative sliding speed is less 0．1 millimeters per second．there

is only the static friction between the meshing teeth．When
the relative speed is 0．1 millimeters per second,the static
friction toefficient reaches the maximum value which is
O．08．When the relative sliding speed is larger than 10
millimeters per second,there is only the dynamic friction
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between the meshing toeth and the constant ctymmie friction
coc硒clent is 0．05．

·11艟method,that Pro E and ADAMS ale combined

to model and simulate dynamically,can play their

full advantage and make up for the modeling

weakness of ADAMS for the complex mechanisms

and parts．
· Based oil the virtual prototyping teelanology,

simulation analysis of the gear meshing process is

realized．The simulation result accords with

theoretical result．The virtual prototyping teehnologY

Call provide a accurate basis for the strength eheok,

optimization design and the test of noise and

vibration,which can get rid of the disadvantage of

high COst and 10ng period in the traditional design．

The method can find good prospects in practical

engineering application．

·The virtual prototyping model established can be

applied to research the tzibologieal property of all

types of gear systelIL The relationship obtained

between the friction eoeffieient and the relative

sliding speed plays an important role for deeply

researching the ta'ibologieal dynamics property of the

gear system．
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