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ABSTRACT

In this paper a new rounds of solar electric vehibésign and study were carried out on. Applicatibn
CAD technology to establish three-dimension geoimetodel, using the kinetic analysis on the framd a
other parts for numerical simulation and statiersgth analysis for the vehicle model design, virtua
assembly, complete frame dynamics analysis andtir analysis, with considering other factorsstfon
the frame structure improvement, second on secafitlesign calculation analysis and comparisoralifin
get the ideal body design.
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applications of virtual prototyping technology in

vehicles [6].The foreign virtual prototyping

. technology throughout the entire design cycle of

a :Qtrgﬁgtsgggﬁ’;r?usrggse?éggiVz,?élc:jgavbe L&dct)f? ew products, comprehensive design analysis tools
rogress is not obvious [1] Internz':\tioﬁal an ased on virtual prototyping technology, greatly
progres T ’ ; ' horten the product design cycle, reduce product
domestic, solar electric bicycle production bagjcal . : gy

) development costs, and improve design efficiency,
is a blank [2] [3]. . . .

and in the design of new products stage of the main

China is the country of the world's largest h L . i
. . armacokinetic properties of the products such as:
producer and consumer of electric b|cyclesp

According to the statistics of the National Burediu security, power, economy, comfor'; and structure
dynamic characteristics, strength, stiffness, dyinam

statistics of the enterprises above Designated, SizS ress, fatigue life accurate prediction and

AL present, _China electric bicycle industri(_as a8 ssessment [7], in a timely manner for defects and
confronted with a huge development potential FhSeficiencies to be improved ,which optimized to

Ergogggtg)go c::] 2e(|)%(s:3m(i:s g'fg%lgsooén in20200709 'Signsure that the product has a good performance and
21880000 in 2010 is 23.690.000. in 2011 .Strong market competitiveness. Vehicle simulation

Rlectric bicycle application of virtual prototyping
25,180,000, expected to more than 27,500,000 f@chnology can be evaluated and optimized electric

Zo%ﬁe[d;‘]o[ri]i. N car companies are activelv stud inbicycles, comfort, handling, and use of the finite
9 P y YI"dlement method components simulation analysis of

on the solar car, domestic car companies study le : :
e components of the static strength and dynamic

But because of the cost of solar cars cost hundre L :
rformance. Dynamic finite element analysis

of thousands RMB, which not conducive to Iarge.Fesults combined with the theory of fatigue analysi

scale and the low cost of promotion., Solar electn0 predict the fatigue strength of the parts in a

bicycle cost is not so much, about four thousan vsariety of conditions using [8], virtual prototygn

EgﬂmBegi]é ?:g”f;n haaléo nsoiviutsﬁ (p:)rr]c?(;%lcntg feS((a)s,i ttqgchnolog_y eleptric cars to achieve a virtual asié_xly
expected in the future become the mainétream 01 electric. bicycles, mstead of the previous
the green traffic tools [5] 2 mpleted by the physical prototype to work to
' achieve the level of progress of the design. In the
2. TWO SOLAR VIRTUAL PROTOTYPE application of electric bicycles, virtual prototygi
ELECTRIC CAR RESEARCH technology is used to simulate the vehicle's stahda
experimental simulation for the various parameters
With the development of virtual prototypeand the physical prototype test data for comparison
technology continues improving, more and mor&nder the same conditions, thereby providing the

1. INTRODUCTION
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data, to achieve the precise application of theuair attachments, etc., another model unit size of 10
prototype model [9]. mm, ignored in the model rounded and do not affect
Virtual prototyping technology for electric the overall characteristics of structural features.
bicycle parts with this thesis; independent desighittle difference calculation of the two models of
and utility model intellectual property patent twothe first natural frequency, vibration mode is also
solar electric cars as a case study, as showngin Fvery consistent, that affect the results of the ehod
1. The virtual prototype model of solar electricform and parameters of the structure, a model
bicycle frame to establish major researclanalysis results after the design is taken, thiddco
determined, load and boundary conditions, thbe assured calculation accuracy, but also to save
dynamic response of the electric vehicles in use tomputer resources. Model extraction using
the simulation, component fatigue life predictionsubspace method, this method of high accuracy,
optimization and improved design. The framestrum sequence and the algorithm to calculate
structure of the seat frame, windshield, steeringhether tainted root monitor, the downside is that
wheel, seat and backrest, battery boxes, brakiee calculation time is relatively slight increa$de
systems, solar tracker light system. The frammodel analysis model is shown in Fig.3.
structure sheet metal stamping parts, the pattseof
sheet structure to enhance the structural strength
and stiffness. The 10th frame material quality
carbon structural steel, 40Cr material is parthef t
shaft and sleeve parts used.

Because most of the actual frame structure is
made of thin-walled sheet metal plates and shell
trailers finite element model for simulation anadys
using shell elements. Geometrically finite element
modeling of the frame virtual prototype analysis of
the main components of the electric bicycle body,
kinetic and static strength analysis of the frame,
complete frame transient dynamics analysis and
vibration characteristics of the frame analysis.

Figure2: The Frame Finite Element Model

T

9 EL Figure3: The Mode! alysis Models

m Table 1: Frame Model Results Table

Machine Name Hz

The First order vibration 90.433

) ) ) The Second order vibration 96. 90
Figure 1: The Body Designs Of The Solar Electric The Third order vibration 135.40
Vehicle The Fourth order vibration 168.70

The Fifth order vibration 210.20

3. MODEL ANALYSISOF FRAME The Sixth order vibration 250.20
STRUCTURE The Seventh order vibration 260.30

The Eighth order vibration 278.02

Establish the geometry entity model frame in the ~ TheNinth order vibration 361.32
PRO/E environment, using Mechanica module of The Tenth order vibration 375.48

the finite element analysis model is established. The design of the frame were calculated in the
Dynamiting finite element analysis to obtain thgree model and the 10 order natural frequency and
entire body structure of the natural frequencie$ anipration mode, the model analysis results are
mode shapes, study the problem from a holistighown in Table 1, its characteristics are analyzed
perspective, some of the details of the structdire g,jows:

the problem can be ignored, and the degree of the First order vibration model: frequency
regularity of the unit is also relatively small iai 90 433Hz overall bending mode. Bending vibration
on the calculation results, as shown in Fig.2.TW@ection line is located in the frame within the
models are used in the analysis process, a modginmetry plane of the two lines. Central one in the
cell size is 5Smm,the model retained most of thead portion of the frame in the end tube and
details of the structure, including rounded,

e
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another semicircular opening in the frameof the frame at the connection point rearward, the
composition of the middle two lines of the rearaareother one is located in the seat The back-end
of the rear of the seat on the "U" shape, framkiggage rack is connected at the upper part. Each
within the part of the semicircle, and is locategitch line on both sides of the vibration are in
outside the upper half portion in opposite direttioopposite directions, the connection of the luggage
of vibration. rack and a seat back at the maximum amplitude,
The Second order vibration model: frequencynd this place the direction of movement opposite
96.905Hz overall bending mode. The bendingp the direction between the two lines in the whole
vibration section line perpendicular to the framehis is the structure causes here by the reverse
side of the two lines, respectively located in thextrusion. The front baffle, spring shock absorber
frame front position and the junction of the sead a mounted lug the end of the luggage rack shapes the
the rear luggage rack, from the frame side view yoabdominal area.
can see the two lines in the middle part other than
the part of the two lines was vibrating in the
opposite direction, and the farther away from the
pitch line is the amplitude of the larger front bkz
steering wheel, seat back the central frame tail

modes abdomen area. Figure : The Third Vibration Model

F'igure_7: The Fourth Order Vibration Model
The Fifth order vibration model: model
frequency torsion modes 210.20Hz overall order.
The pitch line is located in the torsion vibratioh
y the two lines in the frame side center plane. Ais
- (L7 the frame header, and the other one is locateloein t
— Po—— — - middle of the frame seat downwardly along the
Figure5: The Second Order Vibration Model junction of the rear tube, with the front body.
The Third order vibration model: torsion modelo.ppo.Site the p_itch line both sides of the torsion
frequency 135.40Hz overall bend. The frame on'brat'on Q|recFlon, due to the fra”.‘e fpr space
space sheet metal structure, the torsion vibratfon structure V|b.rat|on modes from the animation seems
ore complicated, the end of the luggage rack on

the section line is located in the middle of th th sid f th ) litude. chassis front
junction of the seat and rear luggage rack aloeg t oth sides of the maximum amplitude, chassis fron
are relatively small amplitude.

seat back until the pedal middle curved sectioa lin . ST .
located on the frame and on the beam of betwee .The S'Xth order vibration model. frequency of
See from the animation frame vibration, part othe e torsion mode 250.20Hz the frame space sheet

than the part of the middle of the pitch line and t metal structure. Baffle central to the pedal lower

lines were vibrating in the opposite direction, thégJart of the_d|rgct|on of the location of the fitslf
larger the amplitude and farther away from th f the section line, connected to the latter pathe

pitch line, such as the windshield frame, steerin ame seat and luggage rack at the middle to the

wheel and seat back connection to the abdomin ?dal after pipe connection at the section linee Th

area of the part of the frame luggage rack dampinC mblnattlonfotLtwo partsi.wbr?tlon u:hthe f_rggltdan ¢
spring connection modes. rear parts of the connection, frame the middle par

The Fourth order vibration model: frequencyOfthe amplitude smaller the frame tail on bottesid

168.70Hz overall second order bending mode. Ifénd seat the middle of the vibration abdomen.
bending vibration of the section line perpendicular

to the frame side of the three lines, strengthen

tendons and baffle connection at one located on the

front, one in the rear luggage rack with the middle

e
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Figure 11: TheEi t er Vibration Model

The Ninth order vibration model: 361.32Hz
overall frequency of third-order bending mode.
Frame front bezel of the front of the steering whee
the upper end, the upper part of the seat back and
the nursing pillow junction, the forward positiof o
the middle of the luggage rack is the vibration of
the section line. Pedal and the seat of the
The Seventh order vibration model: the frameCOnneCtion at the junction of the upper part of the

frequency 260.30Hz overall torsion modes. Baffléseat’ luggage rack, luggage rack at the connection

central to the pedal lower part of the directioriref O.f the_ lower end of th_e b"%se plate_ in the seat b"_mk
. : . . vibration abdomen. Vibration maximum appear in
location of the first half of the section line,

tlar? upper part of the baffle front end and steering
eel.

Figur 9: The S r Vibration Model

connected to the latter part of the frame seat and
luggage rack at the middle to the pedal after pipe
connection at the section line. Pitch line on both
sides opposite to the vibration direction. The
maximum amplitude that the connecting portion of
the upper universal joint in the steering wheeg th
seat back and at the luggage rack connecting the o —
abdominal region of the vibration. Figure 12: The Ninth Order Vibration Model
The Eighth order vibration model: Frequency
278.02Hz the overall third-order bending mode.
Frame symmetry plane bending vibration, the
vibration of the section line perpendicular to the
frame side, one is located in the Central ribs
centers, one located in the pedal rear, one igddca
in the seat back end, and another one in the middle
of the lower luggage rack. Section line both sidkes
the vibration in the opposite direction, the lartes o
amplitude is farther away from the pitch line. The The Tenth order vibration model: frequency
connection of the front bezel of the middle of thdorsion model 375.48Hz bend. The frame in the rear
steering wheel in the upper part of the seat arfld tail do bending vibration, the tail portion
pedal connections, the seat backrest and luggalgésion vibration. The middle bending vibration
rack, luggage rack lower junction, etc. to theection line in th_e m_|ddI<_a of the st|ffer_1er, _an(de th
vibration of the abdomen. The greatest amplitud%t_ee”ng wheel vibration in the same dlrectlon. The
appears in the upper part of the steering wheel, tRitch line of the rear of the bending mode in the

minimum front bezel with pedal connected at th&@me side, the front end position of the luggage
position. rack. The middle section of the torsion vibration

line from the luggage rack and seat back the
junction damping spring mounting lug welded at
along the pedal down. Steering wheel, the upper
end of the pedal back-end, the junction of the seat
back with the nursing pillow, seat backrest and

Figure 1: The Tenth Order Vibration Model

Figure 10: The Seventh Order Vibration Model luggage rack connections vibration abdomen,

vibration in the upper part of the largest in tleats
backrest.

4. FRAME STATIC STRENGTH ANALYSIS
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place, the lower end of the spring means in a fixed

4.1 Frame Structural Features and the Modeling  constraint, so the analog mode and the physical

Process model are too different, the result of the caldolat

Frame static analysis model shown in Fig. 14error is relatively large, and ultimately not adagt

The frame has a symmetrical structure, mainly Second program shell element discrimination
composed of complex sheet metal structure of ththickness of 15mm, According to this idea of
space and the space of plate and shell structuresfablishing the frame static’'s 19,242 units in the
baffle, pedal, seat, luggage rack space sheet mdiaite element model, 9978 nodes, 65008 DOF.
structure reinforcing plate before spring shoclOmitted spring damper at the front bezel to
absorber mounting lug and pedal space Shadktablish the connection quality tube unit, quality
structure, seat bottom part of the frame structore management unit two nodes using constraints, and
the main bearing components. For Finite Elemernt the spring damper installed lug rear fork plate
Analysis, Frame Central and the second half is thafter connection the board mounting the axial end
focus of the research division of the unit shoutd bportion of the external force is applied, the sife
as far as possible refinement. these forces is the use of the ADAMS analysis
software determined. Table 2 lists the load data fo
static analysis; static analysis results are gien
Table 3. Solving time is about 1 minute on the CPU
to 2.60GHZ Intel Pentium i5 Series.

— / Table 2: Frame Modd Results Table

g A B

Figure 14: Frame Satic Analysis Of Finite Element Loading parts Y dérsitlon z déﬁinon
Model Rear fork plate -850.13 6524.70
Its purpose to calculate the frame throughout théf;e:pﬁr}ﬂzdmg plate ‘ffggj 145’ _321%%%
stress and deformation, for static’'s finite elemeT
analysis, especially frame carrying the most Table3: Static Analysis
sensitive areas of stress and deformation. Finfte _ Structural Stress values
element model is established, should both be Loadingcases position (MPa)
considered as a whole, but also consider local. Front-end Max 42.9
The first program using the shell element with aaaticloading Lug Max 86.8
thickness of 10mm frame discrimination. The fence Tail Max 18.3
Pedal Max 225.09

head, the baffle and the pedaling connectionsgsing
they are not the main bearing member, its structure

discrimination can consider rough, in order to sav&2 The Frame Static Analysis Results

calculation time, while for the left of the seatisa ~ The second program in the handling closer to a
pedaling, and luggage rack, right connection platééal physical model, using the results of the sdcon
since they are the most sensitive parts of thedran@rogram, the stress intensity distribution: thenfro
carrying them when discrimination meticulous@nd and tail stress cloud display range is froro O t
including some of the structural details of thet lefoSMPa, frame lug stress cloud stress range is from
and right connection plate to be considered, tH& to 95MPa, large parts of pedaling stress cloud
junction of the seat back with the luggage rack diisplay range is from O to 195MPa. Frame the front
the luggage rack, to replace the unit with a sprin nd the entire second half of the stress values wer
the law of motion of the suspension through thé€ss than 50Mpa, and only a few more than 20MPa.
establishment of the spring unit two nodesPring shock absorber mounting lug at the lower
constraint equations to describe, frame staticBart of the frame welding stress close to 100MPa,
establish finite element model of the 38,319 unitgoots of the frame on the rear fork board, after
37,515 nodes and 423,739 degrees of freedofPnnecting plate and the overall chassis welding
Practice has proved that, for about 10 minutes f&r€ss exceeds 200MPa. Only one node of the stress

solve the time required for the CPU to 2.60GHZS too large for the lower part of the lug of the
Intel Pentium i5 Series. spring shock absorber and at the frame welding, to
Preliminary calculations, spring shock absorbet00Mpa, the surrounding nodes stress rapidly
lower mounting lug frame welding stress aboutéduced to only the 20-30MPa, here there is a
290MPa. The reason why such a situation is due fgnificant stress concentration phenomenon, This
the spring shock absorber with the spring means i because the structure here is the way to connect

R
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with welding, handling a limited member of the 550
model after this point lug only one unit with foofr
the luggage rack unit phase, in fact structural
change is not so dramatic, and so produce excessive 200
stress adding unit, where the stress value wilpdro i s *
after the model close to the actual situation. LS
This part of the pedal rearward, first force ks
comparison great two opposite direction size has o o5 i s 2
9000-12000N force acting on this part, Further the Figure 15: The Pedal Maanum Sress Curve
structure of this part of the rear connecting piate
lever form, and the parts of the force arm lengtth. FRAME STRUCTURE IMPROVEMENTS
supporting parts and the overall chassis welding, ANDIMPROVED RESULTS
short arm, the rear fork plate frame roots is also
leveraged structure. From the previous analysis, the strength of the
frame is the weak point in the seat-back back-end
4.3 The Frame Static Stress Distribution and and spring damper installed lug parts. Parts of
Structural Strength Evaluation structural strength and the deformation force after
View from the frame static stress distribution, théhe pedal has a problem, in the use of the edasiest
first half of the frame and pedal connected at th@estroy, mounting lug portion of the spring damper
stress value is low, appeared to be very surpl@pring connecting member can not meet the
material is not fully utilized, and frame the cemitr requirements of the fatigue strength and the long-
region, the stress values above 50Mpa close evi&fim use may produce fatigue breaking.
more than the allowable stress limit, high material Analysis results on the structure of the frame a
utilization, and individual area, after connectingew suggestions for improvement:
plate and the overall chassis welding and after 1. Add the connection to the top of the spring
connecting plate and the overall chassis weldinglamper mounting lug on the support member in the
stress concentration. seat back, after installation the finite elementeio
From the point of view of the theory of staticshown in the Ieft of Fig. 16.
strength, the frame front and tail force, low stres - ‘
values, which the Ministry of the force is too layg 7
almost even more than the allowable stress values
higher stress. Therefore, only from the standpafint
static stress distribution, the front and rear ipagt
of the frame are relatively safe, in particular tar (@ = e
wheel suspension member of the partial hazard. Figure 16: After The Installation Of Finite Element
As shown in Fig. 15. this condition pedaling rear Model
end of the luggage rack connected at the upper2. Rely behind spring shock absorber mounting
portion of the large stress here stress occurkén tlug on beam welding at the seat do rounded, smooth
process of the electric vehicle frame over the crowover joints, eliminating stress concentration Iefft
of the two peaks can be seen from the curve, shisthe finite element model is shown in Fig. 15.The
because when the front and rear wheels by uneveipdified lug the geometric model is shown in
road, the electric car as a whole respectively, byig.17.
two impact load intermediate car body twice the
impact on this process, a falling load is relatpvel
small, so the stress is a minimum value. From the
analysis results of the special conditions of the
frame, the maximum stress value is beyond the
scope of allowable stress so when this part of the
pedal on the high-speed electric vehicles through
the uneven pavement barriers are likely to destroy.
3. Add stress is maximum motherboard ribs
increase structural strength, this improved stmectu
shown in the right of Fig. 15.
4.Increase the overall thickness of the
motherboard, the motherboard overall thickening to

I} ummTXem o]

Figure 17: Improved
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5mm. Add some programs stress pedaling on lardgas significantly decreased, suggesting that the
parts of the ribs, or do the step surface, doing éhanges made for the conclusions of the previous
reasonable distribution of a certain role in redgci analysis produces fairly good results. And therenti
the maximum stress and the stress but taking inteork process frame stress does not exceed the
account technological factors and cost problemallowable stress.

eventually gave up these modifications. . ' [ '

Spring damper installed in the same boundar § « ﬂ[\’mf,f\ﬂm/\/\/w\f\ MMWW/\M“ j\ﬂ /\ﬂf'
conditions as the original model is applied to thi & - AR ' \/ /\J
improved model again analyzed and calculate - — — )
from the results according to the method one. I [

The modified calculated as shown in Table <& . &/, pa
static analysis, improved static stress distribuf® 1 * |+ \W’A"Lmﬁ J 'H“\_f\/’u\'“\“‘fmwww’%vﬂ \«fﬂ “
shown in Fig.18. The front bezel and tail stres .’
cloud shows range from 0 to 50Mpa, lug streso
cloud the display range is from 0 to 100Mpa
pedaling stress relatively large parts of the stds
the stress cloud display range is from 0 to 200Mpa.Table 5: Improved Frame Stress Rams Before And After

Comparison Table

I35 SWRIF paTyIpow Sl

0.5 + 15 2

Time
Figure 19: The Stress Curves Of Improved Transient
Analysis Frame

. Unimproved Improved
Location Mpa Mpa
Spring damping lug parts 139.85 92.76
After fork installed parts 215.14 124.10

Table 5 is to improve the front and rear frame
stress rams comparison table, the table lists akver
options improved frame spring shock absorber
mounting lug and rear fork mounting parts of the
stress rims stress misrepresents the statistidaé va
of the average vibration energy of the variousgart
of the frame in the work process, the rams smaller
energy is smaller, the structure in the work preces
Figure 18: Improved Frame Static Analysis Of The Stress s less easy to destroy. Rams before and after the

Cloud program improvement has a relatively large
decrease in the values in the table also shows the
improvement program has played its due role.

Table 4: Satic Analysis Of The Resulting Data Table

i iti s Stress
Working conditions  Structural position 1o ba 6. CONCLUSION
The front bezel Max 423
i Lug Max 58.4 The new two solar electric bicycle bodies to
Satic load Tail Max o4 | A - k : boc :
Pedal Max 1623 evaluate the static strength an ynamic

n 5 - o Sorth i characteristics of the electric vehicle frame, pres
s can be seen from the results of the analysis i jifications proposed several modifications to the
Table 4: improved after most of the structural stre operation, through a large number of examples

in the overall frame are less than 100MPa, only trﬁjmmed up some electric bicycle frame structure
seat back between the mounting part of the dampgﬁd structural parameters of the frame static

arml:”nountm% portlgg on thehrear Swing arm has ,ﬁrength and dynamic characteristics studied. Also
small more than 100MPa, the maximum stress IQnalyzed the vibration performance of electric

the case of static 162.3MPa, have relatively Iarg\?ehicles, using the finite element model frame

fthe all ble st . ‘ N&ructure parameters and structure of the vibration
0 T €a _ovvta € IS ress rec:;ur]?_men S: d look f performance, improved frame vibration analysis
ransient analysis resuft of Improved I00K rame€y g jn accordance with the electric bicycle, electr

Fig. 19' Is a th_e stress graph showing _the tra_nSieﬁ’icycIes overall improved mechanical properties
analysis of the improved frame, the top in the figu have been improved

is a graph of the spring shock absorber mounting
part, the following is the stress curve of the peda
parts. Can be found the site two stresses on the
frame in the stress level of the entire work preces
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