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ABSTRACT

Analyze the problem of automotive arm and sleeve assembly interference by using the finite element simulation. The
results show: without considering the impact on the taper to the contact, the contact surface pressure and axial
pressure generated at the outer sleeve chamfer will increase and radial contact pressure will reduce with the
increase of the amount of interference. Considering the impact on the taper to the contact, the beginning of the
keystone interference has the same situation with no interference 0.1mm taper. Wth the push carrying on, the axial
force decrease rapidly and is higher than the resulting value of no interference 0.2mm taper situations, and the half
of the beginning of the keystone interference is the same as the keystone interference, but with the push carrying on,
the axial force decrease rapidly and is higher than the resulting value of keystone interference, and is more higher
than the resulting value of no interference 0.2mm taper situations. Trapezoidal and half trapezoidal interference
generated in the radial interference contact with the contact surface has the same pressure value, and the results are
higher than the value under the conditions of no taper affections, and its pressure value is higher up to 40%.
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INTRODUCTION

With the social development and scientific progr@epple put a higher demand to the living nedessif the car.
As an important part of automotive suspensionsthilg arm is an important part of the chassis systes design
and production reliability, security and stabildgtermine the operability and smooth of cars diyeand are related
to the safety performance of vehicles. During thesigh, the swing arm must meet the requirementthef
corresponding stress and deformation, avoidingftheture and plastic deformation because of thallstress
concentration. When it comes to the important tokt the swing arm has to the safety performanceebicles,
many scholars have been studying about it early][1t mainly concentrated in the lightweight ofetkwing arm,
design process and its strength, stiffness, fatfgilare etc. What's more, they have a deep thé&aietnalysis
about the assembly interference between the swingaad sleeve. But the shape of the swing arm @neldéeve is
complicated, and driving conditions of the car difeerent in many patterns, which create that ughegtraditional
method can not analysis the state of the stresssaath exactly. In recent years, with the develeptnof the
computer and finite element method, the finite elatranalysis software can simulate the contacyaisa]6, 7]. In
this assay, through different interference assembthie swing arm and sleeve of quasi-static fielement analysis,
we can get the interference states in the contesgibn to provide the basis to the calculation dedign of the
interference assembly.

EXPERIMENTAL SECTION
Build swing arm and deeve finite element model

Establish and process of the finite element model
Due to the analysis of the affects that the interfee has to the swing arm and the sleeve, we dlpatilattention to
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the investigation portion between the swing arm trgdsleeve in the position of the contact surfacewe should
simulate the model of interference assembly betwbenswing arms and sleeve. The model which ig dfte
simulation is shown as the figurel (a). Becausestimplified model has the axial symmetry after dation, we
also simulate the model to the axial symmetry wisicbwn in the figure 1(b).

(a) Simplified models (b) Axial symmetry model

Figure.l Simplified models

Quasi-static model is shown in the picture 2, whschedule tentatively that pushing downward velitiaga up to
15mm and rebound up to 1mm. Simulate assembly gulesdgo the entire process. The amount of intenfeze
between the outer tube and the swing arm are ¢gjtia¢ difference between the model radiuses.
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(a) Beginning of Assembly pushed (b) Ending of Assembly pushed
Figure.2 The Contrast of beginning with ending of Assembly pushed

Swing

M esh of the finite element model

The quality of the mesh affect the solution accyrand computation time directly. So the mesh shdddan
important link during the analysis process. Comnsigethe simplified model of symmetry and surfacmtact and
other factors, the swing arm and sleeve are meishéiferent elements. We put local refinementhe mesh. The
patterns and the quantity of the mesh are showdtkiform 1.

Tab.1 Thetype and quantity of thegrid

proj ect Solver unit type  Number of units Unites Properties
S08 CAX4R 2334 Four node bilinear axi-symmetric quadstal element
Axi-symmetric model CAX3 71 Three linear axes symmetrical triangle jiorcunit

Material Properties
The material of the sleeve outer tube is the sessrdéeel pipe of twenty, and the arm is made o#Br&nd the
properties of the material are set up by natiotaidards.

The contrast of theinterference method in the model

There are different interference methods in thegse of building the model. The first category ferimerference
builds the model and models are closely contaet atilculating. Its advantage is that it can crd#terent types of
local interference. But the efficiency of work wi® cumbersome and slow, we need to change thelmftde
interference. The second category sets the in@réer between the contacted surface, and it wilihferacks
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between the models after the calculation is doné,is value is equal to the amount of interferefidee advantage
is that it is relatively fast to establish diffetenterference over by changing the parameterskbuibut its form is
so simple that we can not consider the impactetaper and so on.

Comparing the results of the two methods abovepetk stress and the stress distribution are hiysiba same,
which illustrates that they are equivalent in esseibince this article requires detailed analybisuta variety of
factors when assembling components interferencehwse the first one.

RESULTSAND DISCUSSION
Analyze the mutative process of the axial pressune radial pressure when the interference is froddrim to

0.25mm, and the quasi-static contact is betweeonuker tube and sleeve arm. The simulation resuider different
interference are shown below.
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Figure.3The stressdistribution under different interference
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Interference=0.15mm Inter ference=0.25mm

Figure4 Pressuredistribution of radial contact under different interference

We can learn by the simulation analysis of figuran@l figure 4 that when pressing starts the outse thamfer of
the sleeve contacts with the arm firstly, and presgenerated in the contact surface increasestiétincrease of
the amount of interference.

The curve of the axial needed pressing into thé sl time is shown as figure 5 and the neededipgeforce will
increase with the increase of the amount of interfee, but its growth trend of force is basicabipsistent

The relationship between the contact pressuretatirhe of the swing arm and the sleeve is showtherfigure 6.
With the increase of the interference, the radisitact pressure reduces. According to the frickignN, the friction
reduces. That is to say, the friction to impedenings to escape reduces. The sleeve is easy twlapged.
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Figure.5 Axial pressure time history curve Figure.6 Radial pressuretime history curve

There are three types of interference analysisherirhpact of different tapers in pushing proced® first type is
that the demarcation point is the midpoint, andpthes of the upper are consistent, but the lowaet ip interference
of “right angle trapezoidal”. The second type isosf interference is “a right angle trapezoid”, dne upper
interference is 0.1mm and the lower interferenc@.Zsnm. The third type is that its amount of inteehce is the
same in two parts, which is 0.2mm.

According to the comparison of the results of thggees, the axial pressing force trend is showRigure 7. We can
get the changing course of type 1 and type 2 icalfsthe same before 0.5s, and the steady-stdtee\of type 1 is
biggest, followed by the type 2 and finally the éyp, which demonstrates that the taper has langpadt on the
axial pushed force.

According to the comparison of the results of thygees, the radial contact pressure trend is shaviAigure 8. We
know the changing course of type 1 and type 2 sichly the same, and its steady-state value is 4986 higher
than type 3. The radial contact pressure distriloutif different types are shown as figure 9, wtsbbws a certain
degree of taper may increase radial contact sugiega and contact pressure.
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Figure 9 Different types of radial contact surface pressure distribution
CONCLUSION

Without considering the impact of taper:

(1)The contact surface pressure generated at tiee sleeve chamfer will increase with the increathe amount
of interference.

(2)The axial pressure generated will increase amdl to be steady finally with the increase of tineoant of
interference. But its value is not equal to thetioin f =mu N).

(3)The radial contact pressure will reduce with itherease of the amount of interference. Thorounghdistributed
trends of the radial contact pressure, we can Is#etite bigger the interference value is, the smdhe effective
contact area of the contact force is, and the bitfue interior hollow region is. When the amountimerference
reaches a particular value, the contact area @synfinimal contact area near the area of the slaei®

Considering the impact of taper:

(1)Keystone interference (the upper interferend& isnm and the lower interference is 0.2mm): atabginning, it
has the same interference situation as the keystwederence with no taper 0.1mm. As pushed, tkial dorce
decrease rapidly, and is higher than the resultaige with no taper 0.2mm.

(2)Half of the keystone interference (the uppeeriference is 0.1mm and the lower interference 2snf): at the
beginning, it has the same interference situat®tha keystone interference. As pushed, the agrakefdecrease
rapidly, and it is higher than the interferenceutisg value and more higher than the interferergsilting value
with no taper 0.2mm

(3)Trapezoidal and half trapezoidal interferenceegated in the radial interference in the contactase have the
same pressure value. And the results were higlagr tthe value without affecting conditions taper #&adpressure
value is higher up to 40%.
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