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ABSTRACT

The use of direct laser sintering (DLS) has beconoge attractive recently since it offers a promistool in
fabricating complex components rapidly. Particylathe technique is seen more powerful when itdmlgined with
computer-aid design and computational optimizationspite of knowledge increment in the above anpasently,
design method for sophisticated structures towddS is still far from being fully exploited. Thewmafe, this paper was
issued to investigate a novel methodology of desttgveloped by combining topology optimization dattice-beam
implementation, for a blend-solid-lattice frame afmotorcycle. From the obtained results, it wagezed that the
as-built tubular hybrid structure demonstrated caraple values of first resonant frequency and mats respected to
those of the original. Additionally, it was founkat stiffness of the generated structures depenttedgly on locations
where lattice was substituted. In particular, ssssed frame’s components were evidenced asmpieoregions for the
substitution. The achieved results also revealtichated buckling load factors, being circa 18 tinggher than applied
bumping loads acted on the tubular-lattice struct@inally, equivalent stress predicted in statialgses confirmed all
designs working safely in nominated conditions.d&®ben these achievements, it is believed that ¢ive method worked
quite acceptably in designing direct-laser-sintaredorcycle frame, and it is very promising to hat develop the method

as well as extend it into different complex dirkater-sintered elements designed for future appiics
KEYWORDS: CAD/CAE, FEA, Direct Laser Sintering, Topology/Liatt Optimization
1. INTRODUCTION

Environmental pollution and Global Warming have dree serious problems in the recent decades due to a
increase of Carbon emission into the air. One efrtfain reasons was originated from an enhancenfighe mumber of
personal vehicles each year, including motorcyélge.a consequence, not only our environment and menkealth,
but also the economy system was negatively infladnd@he aforementioned circumstance placed greptirins for
researchers and engineers on how to further devedogriendly methods of designing transportati@higles, so that,
on one hand, it helps to increase reliability of thehicles. On the other hand, it may contributeatoeduction of

energy/fuel consumption during fabrication stageuming their working life.

To solve the above problems, development of a nesigd method should be concentrated initially. Euity,
the uses of computer-aid design and computatiopin@zation are becoming more attractive in desigeas since they
offer powerful tools to design complex componerftgiently-and significantly speed up the proceS®ancerning these
aspects, there have been several studies focusegtionization of motorcycle frame recently. Fortarsce, Ballo et al.,

2014hasattempted to develop a frame structurehifla performance motorcycle. By Modelica, they havestructed a
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40 Thanh Binh Cao & Slawomir Kedziora

multi-body model of the motorcycle for simulatiof loraking. Subsequently, Optistruct was employedyénerate an
optimized concept, of which total mass and stradtwompliance were minimized. With a similar desigpproach,
Katawa (2015) concentrated his work on developindraame of a racing motorcycle, showing high londihal
stiffness(but low side stiffness)to be able to wi#imd high decelerating forces. In more recent ,d&® Works
(Airbus Group, 2016) have applied successfully a-ibspired method on designing a frame of an E-noytde.
By utilizing structural optimization during desigtep and Selective Laser Melting in manufacturihgse, the AP Works
has built up an organic-exoskeleton-frame-like ttrce, demonstrating an adequate strength and a r@d4ction in

weight with respect to those frames traditionadlpricated.

In terms of manufacturing tool, there has beeneiasing interest in applying DLS in mechanical indus
presently. This is due to its promising ability mfoducing sophisticated components through a sifajleication step
(Santos et al., 2006). Based on diminution of taplithe DLS demonstrates advantages of lessenirgp@&mission into
the air and saving a considerable amount of fatmitenaterials. In view of these benefits, the Db8Id be considered as
one of promising techniques for eco-friendly maetieing mechanical components, among which motdecframe is a

suitable candidate.

Although motorcycle frame design has been develdped certain long time, to the best of authorsdowledge,
there is quite limited number of studies placedderigning motorcycle frame that can be produce®b$. There is also
very little research focused on performing impletaéian of lattice beams into the structure as wasllon evaluation of
how feasible the process is. Hence, this paperisgagd to partly filling the “gaps” by investigagimn innovative method
of design applied on a motorcycle frame, based apolbgy optimization and meso-scaled lattice impatation.
In the investigation, the “direct-laser-sintereddrhe was modeled, analyzed, topology optimizedlestgned, and size
optimized for a hybrid product development. A mainjective of the proposed process was to generatewablend
solid-lattice structure, representing comparabftnsss and mass with respected to those of ast&atine, also taking into

account aspects of aesthetic design and enviromnenatection.

2. METHODOLOGY
2.1 Original Frame Design and Analyses

CAD Geometry of Original Frame

CAD geometry of the original design was reconstdcbased on a real frame structure of an Endurot spo
motorcycle (KTM LC4 640 cc). To start with, therina was firstly evaluated all realistic featurepéint out unimportant
ones that were less influenced by stress. Thesgetbbkaracters were eliminated during reconstrudongimplification.

In the next step, manual measurements of main siees taken place for the frame. Subsequently, degk Inventor was
used to build up a concerned CAD frame, taking extoount all possible feature eliminations as waslithe measured
sizes. It should be noted that within the recomséd frame, welding was not essentially utilizedbtond different
components (e.g. upper brackets and upper tulretald, a method of filleting common edges betwleese components
was applied to create a homogenous solid structime.aim of this modification was to create an appate geometrical
reference for new frame designs, all of which wexpected to be manufactured by DLS. The issued gggmas finally

exported into a CAD file for constructing FE modafsl conducting FEM structural analyses.
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FE Model of Original Frame

In order to build up an appropriate FE model fouciural analyses, it was important to determirigiailty all
factors that had high influences on the frame durirorking stages of the motorcycle. However, thghbr number of
factors was taken into account while developing rtiedlel, the more complicated construction proceas. Wherefore,
to make the process simpler, different componeftth® motorcycle as well as a rider were substituaed merely
represented by four concentrated masses(in therajedemodel).The replacements were demonstrateigare 1,

whereas, significant dimensions of the issued $ketere defined and reported in table 1.

In the following step, load-cases acting on thearmyicle were determined. Practically, there hasiteedot of
working stages of a motorcycle which are essettidle considered when designing its frame. Sadastudy all of these,
huge efforts and time are required. Within the scop this paper, only typical working scenariostioé motorcycle,
including acceleration, braking, bumping, and cdrmge were proposed and analyzed. These mentiooedasos were

simply represented in Figure 2.

Concerning acceleration (Figure 2-A), an accelegatfactor (a) was determined by applying criteria o
“Wheel-limited acceleration”, suggested by Cossd€02). According to the criteria, maximum accat®n might reach
a value at which an absence of road reaction orfrtmé wheel was detected. Equation (1) was usedatoulate the

acceleration. Other concerned parameters weraedfer those stated in Figure 1 and table 1.

Table 1: Important Dimensions Represented in Figure

Denote b |e|f|lgl|li]|j |k|n]|p]|la
Corresponding value (mm 8y| 1510| 300] 750 750| 400| 1050| 950| 290| 662| 21

A: Motorcycle with its Centre of Gravity (C:O.G), B: Substituted Masses of Motoréycle

Figure 1: Motorcyle’s Layouts

a=Sg (1)

o

With a similar approach, deceleration (d), aristhging braking (Figure 2-B), was identified by cumesing
criteria of “Forward Flip Over” (Cossalter, 200®).this state, the deceleration was upper limitgé lvalue at which there

was not a road reaction placed on the rear wheglafion (2) was used for this calculation.
k
d=7g %)

In terms of bumping (Figure 2-C), the scenario wagposed to occur instantaneously when the motlerdyt
and tried to run through, a small obstacle on a.®@ace bumping, reactions originated from the afbstéheoretically

made the motorcycle to decelerate in horizontagéddion, and accelerate vertically. To consider lenping state
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42 Thanh Binh Cao & Slawomir Kedziora

critically, horizontal deceleration was supposedbto the maximal allowable deceleration shown inkimg process,
while vertical acceleration was assigned to a ntageiof 4g.
. -1 plane k = ~ x.1 plare

re 104,26 0
7= 4

A: acceleration, B: braking, C: bumping, & D: cornering

Figure 2: Four Proposed Working Scenarios of the Mtorcycle

Regarding the last load-case shown in Figure 2He, motorcycle was inspected when it was turning at
proposed constant velocity (V) of 80km/h. In th@nsideration, radius of curvature road (R) was mesuto be 100m;

whereas, centrifugal acceleratioRe(gga) Was determined following equation (3).

z 3)

Acentrifugal = R

Based on the determined parameters, a FE framelmadethen constructed by employing Altair Hypersime
During the construction, properties of steel (withspecific label), used as a referenced mateviale assigned to the 3D
tetrahedral elements (TETRA10) of the model. O#sential setups of the model were carried oubvigtig a normal

procedure of FE model construction for static asedy
FEM Structural Analyses

To evaluate the issued FE model, modal and linidic analyses were essential to be carried outc@uing the
former, aims of the job were to estimate resonaaguencies of the frame at which it might vibrageanantly, leading to
detrimental damages, and to achieve as well pestlictode shapes. In such analysis type, an appigdrs Optistruct,

was used to solve equilibrium equation (4)
[K—2-M]x=0 (4)

Where, K, M, and x were stiffness matrix, mass matnd displacement vector, respectively, for eigdues §)
calculation. Upon receiving the estimated eigeresluesonant frequencies (f) were computed basedqaation (5)
(Altair University, 2015).

fzﬂ (5)

21
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The three first frequencies of the analyses welsemuently extracted for further evaluations. Immte of the
latter step, Optistruct was also employed to figuuestatic problems concerning the four determioed-cases. This task

was handled by solving the well-known equation (6)
K-x=f (6)

Where, K was stiffness matrix, x was displacemesutor, and f was external force vector. Finallg fhredicted

results of both analyses were saved into H3D fildsch could be then visualized by Hyper-view teess.

2.2 New Frames Design and Analyses

New Geometry Concept for Reference

To develop a new design concept, a new input gagmeds firstly proposed and imported into Inspiodtware
for subsequent setups. The input had to includestcaint features as those of the original frameictwihad to be kept
during the developing phase so that a frame, aledtesed on the output, could be used interchangeabl
Moreover, the inputted geometry should have an gmoadesign volume to provide high flexibility forehconcept
issuance. In principle, the Inspire will generatacael concept of a design by solving a topologtirjzation problem
(Altair, 2015). Dealing with this, a density methodlled Solid Isotropic Material with Penalizati@®MP) is applied to
transform topology optimization into material depsiptimization. Actually, material density tends\tary in a range of
[0, 1], demonstrating free volume state or fullynsle material. During this optimization, howeveg thaterial density of
elements has to be selected either as 0 or 1. Hen¢Power law representation of elastic propettiakgorithm,
represented by equation (7), is subsequently erepldg impose a penalty on intermediate density e & assign

mandatorily O or 1 as the density of each element.
K() =p?-K ™

Where,K and K are penalized stiffness matrix and reafreffs matrix of elemenp, is the density, and p is the

factor of penalization.

In the next step, pre-optimized model was estaptistimilar to that of the original frame, takingdraccount all
necessary modifications, to synchronize the modigh \the proposed design volume. To control the rojttion,
boundary conditions, such as objectives, frequesrog thickness constraints were essentially deteunihn details,
maximizing stiffness of output geometry was seama®bjective of the optimization. The frequency wasmated towards
maximizing its value; whereas, thickness constsagitthe frame were restricted at 25mm. It showdlso noticed that
design space must be identified before the optitimza Upon completion of running, a novel conceptdesign was

obtained, which would be used as an updated referem redesigning frame geometry.
CAD Geometry of New Design Frames

Similar to process of reconstructing the originanie, redesigning solid and tubular CAD frames was®
handled by employment of Autodesk Inventor as aelbging tool. It was noticed that these redesidgrmukl imitate as
much as possible the features developed in thedesign concept. Furthermore, additional element® waplemented
into the redesigns as essential modifications aiategaching the pre-set targets. Those conceraé€ filles, eventually,

were exported for FE model constructions as weltEl! structural analyses.
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FE Model of Redesigned Frame and FEM Structural Andyses

Issuances of new FE models, describing the rededigrmames working under different proposed condgjo
were taken place similar to the process present@dli However, since there was presence of sonti#ficadions shown
in the redesigned geometries, one should pay #ttetd differences in way of connecting four sutoséd masses and the
redesigned frames. Concerning FEM structural aralya procedure used to analyze the new FE mo@dalshe same as
that described in 2.1.

2.3 Frames with Lattice Structure, Design and Analges

Implementation of Lattice Structure into RedesignedFrames

Basically, a process of lattice implementation Wwasdled following the first stage of the latticetiopzation.
In such step, the lower density bound (LB) andupper density bound (UP) must be firstly definechédp Optistruct
identifying intermediate density elements. Subsatiyeelements of which densities were lower thha tB will be
eliminated while those with their densities highkan the UP would be assigned to solid elementg fEmaining
elements, therefore, possessed intermediate demsithich will be then transformed into a lattiteisture. In addition,
porosity of the FE models also has to be determifbid could be done via controlling the amounintéérmediate density
elements in the model (Altair, 2015). Since ournr&im was to create structure, showing as highnest as possible, an
output structure should be generated with low nunaféntermediate density elements, implying lowqsity structure
with minimal compliance. Stiffness of the obtainetiermediate density elements would be approximatelculated
following equation (8)

E= p1.8 ' E, (8)

Where, E was homogenized Young’'s modulus of inteliate-dense material,gBvas Young’s modulus of fully

dense materiah was the density, and 1.8 was the natural penalgcted when low porosity was set.

It should be pointed out that to keep outer shapdise redesigned frames for the aesthetic purgfeséB should
be selected as zero. Besides, it is also necetsamytice that after running the lattice implemeiotas, diameters of the
issued lattice beams were directly proportionati¢émsity of the intermediate-dense elements (Al@&M15). Since there
were considerable amounts of tiny beams existethéntwo FE models, which seemed unfeasible to laetioally
fabricated by DLS, an additional design step, whiobposed by authors, was further added to subestiili lattice beams
by those of which radii were set equally and fallai feasible fabricated range. In this paper, tivadges were initially

assumed to be 0.8mm for beams of both solid-laftao®@e and tubular-lattice frame.
Size Optimization for Issued Lattice Structures and=EM Structural Analyses

Size optimizations were also handled by Optistractoptimize cross-sections of the issued latticantse
In our consideration, radii of beams’ cross-secti@re set as design variables which could varyéadefined millimeter
ranges of [0.3-1.3] and [0.2-1.3] for solid-lattieed tubular-lattice frames, respectively. Whergmeperties of lattice
beams were considered as functions of the menticadid principally described by equation (9), amalld be modified to
figure out problem of minimizing the lattice volurf&ltair, 2015).

p=Cy+2DV;-(; (9)

Where, p was the property, @ere linear factors, and DWere design variables.

Impact Factor (JCC): 3.8967 NAAS Ratj 3.30



New Methodology for Designing Direct-Laser-Sinteredviotorcycle Frame Based on 45
Combination of Topology Optimization and Lattice Implementation

In addition to the above parameters, optimizatiaosstraints were also necessary to be defineddocagtee that
distributions of equivalent stress predicted itidatstructures of these frames would not exceealwe of 210MPa during
different working scenarios of the motorcycle.Hbsld be further noted that after the processais wnnecessary to setup
again the FE models. Once the size optimization® wempleted, FEM structural analyses were themllerdnsimilar to

the process shown in 2.1.
Linear-Buckling Analysis

In linear buckling analysis, the four proposed laades, used as references, were firstly analyzédear static
mode, of which estimated stresses were appliedsieei geometric stiffness matrix JK(Altair, 2015). Buckling loads

were subsequently predicted via Lanczos methodlwng equation (10).
(K—21"Kg)'x=0 (10)

Where, K was stiffness matrix of the frame contagnliattice structure), was buckling load factor, and x was the

related buckling displacement.

It is essential to emphasize that the lowest catedl eigenvalue was mainly dealt with the bucklizgditionally,
the analyses provided information of buckling Idadtors (BLF), showing those estimated criticaldsainder which

buckling would occur.

3. RESULTS AND DISCUSSIONS

Original Design, New Concept, and Redesigned CAD @metries of Frame

A (2]

i
- ,q.,;;h

A: Original Frame, B: New Concept, C: Redesigned Fame, D: Tubular Lattice Frame

Figure 3: Frame Design Development

In this section, original design, new design cohagpthe motorcycle frame, as well as those devedo@AD
geometries based on the optimized concept weresepted. As can be seen from Figure 3, the origjeametry was
re-constructed towards a homogenous solid stru¢tueslapt with the DLS technique. In Figure 3-B tlew concept of

design obtained after topology optimization was@epnted. From the figure, it is seen that the gseg design volume
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was demonstrated by beam-type elements; wherealsieacomponent indicated the achieved concept gastimstraint
features that were not modified through all desitages. By referring to this concept, an initialesigned geometry has
been created and shown in Figure 3-C. It can bizeelafrom Figure 3-C that the created geometrytated almost all
characters of the received conception, except donesdisconnected elements that were necessary tujosted for
generating well interconnected structure. In félus first developed frame was completely a derigead, being almost
two times heavier than the original (table 2). Takthis point into consideration, final designs evéurther innovated by
implementations of a hollow structure, lattice beaor a combination of the two mentioned structuégure 3-D showed
one of examples of the generated frames, in whittité beams were implemented into the tubulactira.

Linear Static, Modal, and Linear Buckling Analyses

This section briefly demonstrated all concernediltesof the linear static, modal, and linear buoglianalyses.
The obtained results were firstly summarized ingégh From the table, it can be recognized thathilghest equivalent
stress values were estimated in bumping for alkictmmed structures. This is probably due to théddy proposed static
loads placed on the motorcycle system during thoskimg condition. In particular, the most criticzdlue of 204.6MPa
that nearly reached yield strength of the referdnmaterial (210.0MPa) was detected in the lattie@nis of the redesigned
solid-lattice structure. This value is likely thesult of transmissions of the aforementioned Idadgroups of tiny beams
having small circular cross-sections (0.5 mm inugsd Whereas, maximal equivalent stress prediictatbnse portion of
the frame stood bit far below yield strength of thssigned material at 179.3MPa. Based on what viead,

it is suggested that bumping was the most critbzaddition, which was necessary to be paid morentidte to during
designing process.

Table 2: Summary of Linear Static, Modal, and Linea Buckling Analyses’ Results

Original Redes_igned Redesigned _Rede§igned R_?ngllg?ed
Erame Fsrglrlr?e T;rt::rllaer Solid-Lattice Frame Lattice Frame
Solid Lattice Solid Lattice
Mass (kg) 13.1 25.2 16.5 5.69 15.19 12.72 2.42
Number of elements 10589081 191879 | 1738218 432614998632 | 1334541549 414
Optimized R* (mm) 0.5 0.3
Acceleration 51.9 51.3 55.4 77.3 72.9 63.6 43.0
Max Braking 118.9 69.1 104.9 108.5 172.5 107.6 97.4
static stress (MPaBumping 167.9 120.8 140.7 179.8 204.6 17001 83.5
Cornering 83.8 35.3 63.0 68.2 74.8 77.6 382
Mode [F* 129.6 133.4 146.3 71.0 119.9
1 T* Torsion Torsion Torsion Torsion Torsion
Modal analysis |Mode|F* 194.0 162.7 177.6 86.2 155.2
2 T* Lateral LT* LC* LT* LC*
Mode [F* 219.7 228.9 231.2 118.0 171.3
3 T* LT* Lateral Torsion Torsion Torsion
Acceleration 14.4 18.0
BLE* Braking 14.4 18.0
Bumping 14.4 18.0
Cornering 14.4 18.0
*F denotes resonant frequency (Hz) *R denotes radius of lattice beam after size oation
*T denotes type of resonant deformation *LC denotes longitudinal compression
*LT denotes longitudinal tension *BLF denotes buckling load factor for lattice beams
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It is also important to note that the mentioneddyigtrength of the referenced material was onlyppsed to
support the frame-structural designs/comparisamsitawas seen as selective criteria when seardbinguitable material
for redesigned frame fabrications. Any metallic emel expressing its yield strength higher thandhiteria value may be
seen as an appropriate candidate for the pradtbaication. In order to have clearer views of hstness distributed in
original design as well as in the developed frach@ing bumping, estimated static stress resultaddn these structures
were selectively collected and represented in igurAccording to the figure, it can be observeat tligh stress tended to
distribute at locations where significant changesross-section of the frames were detected. Fample, in the original
design, the highest stress (around 168MPa) wagdfatijoined areas between the two upper bracketshentwo upper
tubes, as well as at vicinity of the rear suspansiole. On one hand, occurrence of these highsstr@scentrations was
derived from the above reason.  On the othed haigh transmitted loads either from the heaueass M1 to the upper
brackets (via RBE3, RBE-rigid body elements) omfrthe upper portion of the motorcycle to the “arreldd rear mass
M2 (via RBE2) might result in the observed stresscentration. It should be explained additionatigttthe use of RBE2
in the FE models might lead to a lack of compliapoeducing artificial stress concentration in tleenponents for which
RBE2 were substituted. Nevertheless, an applicatiothis 1-D element could provide an enough statacture for
linear static analyses as well as enable us toidenshe frame under higher load interaction, megninore safety
consideration. Hence, to this extend the applicatioRBE2 could be accepted.

Bumping - Static analysis Bumping - Static analysis
Contour Plot r Plot

ntou
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\

Bumping - static analysis
Contour Py
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z
x4

Figure 4: Equivalent Stress Distribution Predictedin: A: original design,
B: redesigned tubular frame, C and D: redesigned toular frame with lattice

Measured in MPa ¢
Latiice frame

In addition to the mentioned features of stresgai also be realized from Figure 4 that there wadight
difference of stress distribution between left aigtht parts of the frame. The reason might be p&dtgd from asymmetric
design of the original frame, particularly at pegdakitions where only one connection area was geion the right side
of the frame; while there were two connecting hadetup on the opposed direction. Consequentlypthdicted stress
would slightly distribute in an asymmetrical waythn the frame. Dealing with the redesigned tubldstice frame
shown in Figure 4-C, D, it is necessary to mentibat since less stressed solid components of thigtare were
exclusively substituted by lattice beams an uppmit lof stress found in these beams (83.5MPa) wpsled to circa
one-third of that predicted in beam elements ctrtsig the other lattice frame. Remaining portidrite frame, however,
possessed a maximal estimated value of170.1MPagri#rating a small deviation with respected to highest stress

(179.3MPa) theoretically calculated in solid pérttee comparing lattice frame structure.

www.iaset.us agi@iaset.us



48 Thanh Binh Cao & Slawomir Kedziora

With a purpose of giving evaluations on how stifese frames were, FEM modal analyses were addiiona
handled to obtain important information regardirefunal frequencies and sorts of resonant deformaffwom those
achieved results listed in table 2, it can be racegl that the redesigned tubular frame was prghidiel stiffest structure
since it possessed the highest first resonant émquof 146.3Hz, which was around 17Hz higher tteat of the original
one. However, the stiffest frame also representedmiass exceeding 3.4kg to that of the originaler&fore, in the
proposed method of design, the lattice implememtativas introduced into the frame structures toelesss much as
possible their masses while being able to mainttagir stiffness at reasonable high values for gafeasons. In more
details, results of the tubular-lattice frame irdéx its first resonant frequency and mass beirfj9Hz and 15.14kg
respectively, which were seen as comparable valiiiassthose of the original frame designed by cortiaral methods.
These results may be used to prove that the prdpmst¢hod of design for the direct-laser-sinterexdnie worked quite
acceptably, and it is very promising to further elep and selectively extend this method to stathefart direct-metal -
laser-sintered structures for future applicatiddsvertheless, it is necessary to emphasize thae sinmain aim of the
lattice implementation was to reduce the mass andttempt holding the frame stiffness at reasonahlaes, it was
recommended to implement this porous component ioimdyless stressed structures. Otherwise, despitdtaining the
mass reduction purpose, the designed structuredwqderience a significant drop in stiffness, asilar to that shown in

the redesigned solid-lattice frame (table 2) ofakird majority of the solid parts were substitutgdattice beams.

It is necessary to note that during mass estimatidptistruct there might be an existence of amred material
at junction volumes between the beams; hence, latdctlmasses for the lattice frames were over-astith In spite of this
estimation, the results might imply that an enhameet of frame stiffness is closely associated aitincrement of mass,

as a result of “penalization”.

In view of buckling, the linear buckling analysesre only carried out for the two lattice framescsittheir tiny
beams (slender components) might be really seaditivouckling under influences of compressive sgesThe concerned
results were listed in table 2, providing infornoatiof BLF which used to demonstrate safety faatobuckling mode.
As can be observed from the table, an estimated &LF.4 was found in the redesigned solid-latfieene, indicating
that the frame could be loaded minimally more thdntimes of the static loads until buckling happedgan while,
in case of the tubular-lattice frame, its estimavatue of BLF was 18. Nevertheless, it should beogaized that in
practice due to presences of structural/materigkenfiections, the fabricated frame might be buclded load being lower

than the predicted values.
4. CONCLUSIONS

This article represented a new method of desigdinect-laser-sintered frame of a motorcycle. Ppleciof the
method was based on combination between the topelod lattice optimizations. In details, an inittlsign volume was
firstly proposed for running the topology optimimat towards maximizing frame stiffness. Upon cortiple of
redesigning frames based on the optimized condeptlattice beams were implemented into these tstree aimed at
lessening their mass while maintaining their stéffe at the reasonable high values. The resultseshthat stiffness of the
new lattice frames were strongly depended on compsnwvhere the lattice structure was used to gutestiFor example,
if the porous structure was implemented into higlessed parts, the obtained frame would experiensgnification
diminution of stiffness with respected to that loé toriginal solid form. This finding seems to beatrary to what stated in

a study of Rosen, saying that solid sections dfucture replaced by cellular component could féesed. Despite of a

Impact Factor (JCC): 3.8967 NAAS Ratj 3.30



New Methodology for Designing Direct-Laser-Sinteredviotorcycle Frame Based on 49
Combination of Topology Optimization and Lattice Implementation

certain stiffness reduction, the final design @& thbular-lattice frame demonstrated the compareddiges of first resonant
frequency and mass with respected to those ofrieal designed traditionally. In addition to tleeesults, the buckling
analyses revealed that the estimated buckling loegte approximately 18 times higher than the predostatic loads
applied on the same frame structure. Finally, théwalent stress estimations of the considereddsasuggested that all of

these frames worked in safety conditions.
5. FUTURE WORKS

In future, the works would focus on further devéfgpthe design method to optimize the direct-lasntered
structures in terms of stiffness, mass, fatigud, gtrape. Additionally, it would also be interestingextend the method to
different mechanical components that are promising be applied the DLS technique. Last but not |east
integrations between the design method and théiwvelfabrication process should be further investd as well to be
able to determine effective procedures of manufamju high-quality-direct-laser-sintered componerits future

applications.
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