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Lower Hinb injurics are che main cause of remporary and permanent disabiliey among motorcyclists in Maluysia

‘They cause non-facal bur serious injuries requiring hospitalisation. Detailed scudies on factors influencing lower limb

injuties are justified in an atcempt o reduce the occurrence of these injurics.

This study presenrs a computer

simulation of the crash behaviour of the hasker of u small-engined motorcycle with the lower limb using finice

clemene (FE) mechads. The resules suggest dhat the extensive deformation of the morarcycle hasker may reduce che

risk of injury to the lower limb. The behaviour of the basker during collision is analogous o the crumple zone of

automobiles.
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Introduciion

Sl enpimed motoreveles are the mam mode of
reansport o cniddle and Tow teame gronps o
Motaveu, bodhi for che reval and urban popadacons
Whide chese mororeycios are o convenient. fast, and

rsports | chetr nders form

Cheap mode of personalisee

Losigmbioant proporcion of deaths and disabibinies on

Malavsin rosds | wooouniing for 392.7% ol all road
Giradities and 07277 of Wb semous road  injurics”
Protecrion ot chese mororcvelises s sull nor sdequare,
The ma cause of Ludiees are head ogemes bue fower

tries are e tatn cause of non-hoal but serons

b g
ijuries requuiriiny hospicalisanion. Fiiev-live pereenc of
all casualowes are heoween 1% o 21 vers ob age

The fower himis provide dhe pooary means of

focomonon tor the human body ana are frequently
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mared during motorcyole crashies, Topuries to the bower
Hmbs are rarely tacal, buc chey ceuse permanene and
remporacy dsablenenc which afivces dhe produccivicy of
mdvidiads and the nanons These mjuries usually
ivolve the younger members of the nacional worktoree,
Measares to reduce this injury Tevel is being addressed at
many levels, one of which s the design of rhe small-

crogined motoreycle

The basket chic s ficeed on most of chese motoreyces
fas Become anecessary utilicy, Siace s locared riglhi
i tront of che sear, ey also the T objecr o be stk

hy the lower Tomb o frooncal collision, The objective

of chis sody was rovescigace the crash behaviour of

i basker when wctower Limb was collidimg wite v
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Fig 1: lsometric View of the FE Model of «
Motoreycle Basket.

Table }
Material and Mass Properties of
Lower Extremity Model

Property ~ Type/Value

Moterial type

Thin shell element
15,000
0.33
134000 400 x 335
7.5x 10°
0.01005

Element type

Young's modulus {Mg/mm’}
Paisson s ratio

Surface Area {mm’)

Density {Mg/mm’)

Mass (Mg}

Isofropic and linearly elastic

Maierials and Methods

The hasker of o Honda C70 motorcvele, 1997 maodel was
wsed Jor chis study (Frg. 13 The baskee was appropriuely
modelled using fiwste clenvens 1 FE method wich shell and
beam clemenes where applicable. The basket model had
& delormable structure and was created wich an accurare
The

validated aguinse o drop hammer rest ac the impace

chree-dimension geometry basker model was

specd of 10 kmhe The rest volved w S0kg hammer
The FE
model of this basket was buile using HyperMesh pre-
The PC oversion of LS-DYNA

version 9 10, a nan-tinear, explicie, large deformacon U

impae ring ¢ Honda €70 motoceyele basker?,
pProcessor, verooen 2b.

pickage wus used for simuluing and analysing the
busket response. Post-provessing, which was used 1o
mcerprer chie tesulis was done using Findte Element

Maode! Butlder (FEMB) lor Microsoft Windows, version 26.5d.

78

Afrer che validation of the basker model, an elementary
foetic clement lep model wirh suitable marerial and mass
properties CTable 1 was develaped The Timb consisted
ot a thin shell clement wich uniform uoivy thickness
The geometry of limb for the FE mesh was Binearly
clastre, The mass of the lep model was T0kg™ which
represents abour 1129 of the estimated mass of @ leg of
a OOkg male Malaysian aduit. The simulacions were
carrti] out ac che Road Safery Research Contre (RSRCO),
Faculty of Eogincerimg, Universit Putra Malaysia. The
pro- and post-processing, sud all simulations were done
on an lnrel bused personad compucer (PC) consisting of

166-M1 Tz Peatium processor with MM X technology.

Results

The simutanon of the deformation of the basket as the
feg strikes 1o during impacr at 30 km/h s shown ia
Fig.2

Slots show: (1) undetformed geomerry at 0 ms, (1) inital
I ¥ }

The tine sequence of the deformed geometry

deformation ar 5 ms and (i) Lurge motions at impact
arciar 10 ms. Plots (iv) and (v) show the propagation of
these disturbances to the impace area and then o the
catire basket ac 15 and 17,5 ms while {(vi) shows more
developed deformacions of the basker with self contace
in the basker and multiple poings of contact between leg,
and basker ar 20 ms. Finully, plot {vii) shows the upper
reyian of the modelled leg abour o serike che solid
block with che collapse of the basket almost complete ac
225

plane

ms. In chis simufation maodel, the rectangular

that represenrs the deg s virtuably intace

throughour the sequence.

Discussion

Fuz. 3 shows che Encrgies Time Histary of the leg sceiking
a basker ar 50 kb, The total encrgy of a system
during a collision is che sum of all the different forms of
encrgy inall conponents of che syscem und is conserved.
In vehicle-burrier or occupanc-vehicle collisions, almost
all the energy in che systerm will be kineoc and strain
tinternaly energy. Kineric energy s the cnergy of motion
ol the pareicles while strain energy produces distortion
and displacement' - The energy change ac the impact
stmulation displays several 1mparcant characteristics.
irst, the kinenc energy of the leg-basket model at O ms
s 969.529 Joules (Tigquation T =

2myve with m
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CRASH SIMULATION OF LOWER LIMB WITH MOTORCYCLE BASKET

(i) M neme = 3 s (tiyatume = 5 ms

(dif) at time = [0 ms

Fig 2:

Isometric View of Simulation for Elastic Material into Basket at Impact Speed 50-km/hr.
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Fig 3 : Energies Time History of the Leg Striking o Basket at 50-km/hr.

The mmoal kincoe

1O05 Ky and v = TARI8Y mi

energy obtained from che simulacion s 969484 Joules.
W hen comipaiing the mitial Kinve energy st O my aod
strun energy we 24 my o che model, & difference of 198
Juules s observed Tlas s mostly due to kineeic energy
fete i e systenn e 29 ms; rhar oowhen the feg impacts
the hasker and procecds backward with o smaller
velociry . Farthermiore, the time when maximum strun

cnergy vecusred omedes wiely che mimimum kineric

ciergy. At allanstanes dhe sum of kinetic and scrain

cncrgy s close to the votad energy in che sysrem. Thus
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also demonstrates that che losses in vaergy by chermal
and tricton evenes are mnor for chese impact situacons,
Since che leg materl was wssigned as lincurly elustic,
the resules supgrese thar mosr of cthe inirial kinenic energy
ot the leg has been cransiormed into strain energy of
basker and feg The simulation alse shows che leg v ve

virtaally intact dunng the collision (Fig 2).

bojuries 1o the unresteaied oveupants are usuatly cansed

ST

i secondary collisions In the Malaysian context, 1t s

asually sustained when the moctorcyclises hir the

79
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Fig 4 :

Position of Motorcycle Basket in front
of seat,

Theretore, by locanng de

mmmediate contiaet object.
Bustert mcivone of che seat, most of the impace (kinene
energy s absorbed by che basker ina colliston wich the
lower fimb. As a result, extensive deformations of
hasker imply rhae the risk or severity o tnjury o the
lower tumb may be reduced

[t 16 appropriace to Jeseribe some of the engineering
assumpuions made in the evaduation of the biolagical
fower himb in chis simulwion, Phe structural
components of rthe body are hiving orcanisms and rthas
respond tosteess ane st vt ondy mecbunieadby bue
aso biologicatly. Bioligmical assues, parncalarly sor
tsues, exlubic non-lincar. mhomogencons, anisotropic,
viscoclustic and race dependene behaviour, Farchermore,
soft tissues are subjeve o greac variabiliey nor only
between varous tissues but afso witlun same rissue
Py s Therefore, the representacion ol nacerial
characrenstics and mechamead behaviour is probably che
mose  difficnle and  unascertained wrea of  human
modelling.  Hard tissue, primarily bone, 1s one of the
caster biological tissues o soidy. Soft rissue mechanios
s mure diffrent vo addeess for reasons mentioned above,
Lo s for this reason thue hard rissue alone was considered
i ths stodye Toa mechamical seose, bone s acampostee
marerind with several discnce solid and fluid phases, and
has o strain race dependent seressoserain relationship's
However. for seram eaes comparable ro chac seen in

aromobile imipace soacions, the plastic region s

g0

B e
podt R B T SO

N # £ et

Fig 5: Simulated position of Lower Limb
aguinst Motorcycle Basket at moment
of collision.

climinated wnd thus bone may be modelled as Linearly

clasesc? . In che absence of accepted marterial
characeerisarion tests on fiving subjects, FE methods are
acceptable, appropriate and  have been validated in

numerous compurations und simulations’

Conclusion

From the numerical simulacions o che frree element
analysis of o modddled eg-motoreyele basker collision,
rhe use of o Jdetormable motoreycle basket may reduce
the risk of mjury 1o lower limb of motoreychsts. The
behaviour of che bhasker during collision is analogous to
the crumple zone of the autemobile, which can be
further tmproved in many ways.  The {tite element
buasker model can be used us a basis tor the development
of different basket geometry, difterene baskee ficeing

tocation and marerial type.
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