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SCOPE

This Standardapplies to singleleck vehicles designed and constructed for more&an

less than 2assengers, whether seated or standing, in addition to the driver andkt crew.
describesthe testing proceduregequired to assess craslorthiness and safety of
paratransit buses in the State of Floriflaey are extracted from, and are consistent with
all current bus safety standards as required by the U.S., U.N., and E.U. reguiatieens.

full scale experimentalcrash tests or computational mechanics finite element methods
(FE) shell be used for this assessmelatlll scale crash tests include a side impact test and
a rollover testSatisfactory performance of the paratransit basegg actual or simulated
side mpact and rollover tests is required for their approval. Several laboratory tests are
required for validation of the FE models for simulattmased approvals.An
uncompromised residual space concept is adopted in this stasdanohass/fail criterion.

TERMS AND DEFINITIONS

For the purposes of th&tandardthe followingunitsand definitions are usdd]:

Units. Sl and U.S. Customamynit systemgan be useébr experimental tests and in situ
measuremenidResults can be presented in SI and U.S. Custonidrg.Finite Element
calculationsshall be carried usingne consistent S| systemith mm, s, t (toneps basic

units The unitsfor FE calculationsreprovidedin Table 2.1.1.

Table 2.1.1The units for FE calculation

Dimensions and linear distances millimeters(mm)
Mass tone (t)

Force (and weight) Newtons (N)

Stress Mega Pascal (MPa)
Energy milli Joules (mJ)
Gravitational constant 9,810 ( mm/$)

"Vehicle' means a bus or coadesigned and equipped for transportation of passengers.
The vehicle is an individual representative of a vehicle type.

"Vehicle typé& means a category of vehicles produced with the same design technical
specification, main dimensions arstkucturalarrangement. The vehicle type shall be
defined by the vehicle manufacturer.

"Family of vehicle typés means those vehicle types, proposed in future as well as
currently existingwhich are covered by the approval of the worst dass;cordancevith
this Standard

"Worst casé means the vehicle type, among a group of vehicle types, least likely to
withstand therequirements of thisStandardwith respectto the strength ofthe
superstructure

"Approval of a vehicle typemeansan official process in which the vehicle type is
checked and tested to prove that it meets all the requirements specifiedSitatitiard
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"Passenger compartménmheans the space intended for passengers'exstuding any
space occupied additionalfixed equipmensuch asvheelchair lifts

"Driver's compartmefitmeans the space intended for the driver's exclusive use and
containing the driver's seat, the steering wheel, controls, instruments and other devices
necessary for driving the vehicle.

"Occupant restraihtmeans any device which connects a passergeriver or a crew
member to hiherseat

"Residual spa¢emeans a space to be preserved in the passengers’, crew and driver's
compartment(s) to providgafe environmerfor the passengershedriver andthe crew in
case of maccident.

"Unloaded ctb mas$ (My) means the mass of the vehicle in runnanger, unoccupied
and unloadedbut with the addition of 7&g for the mass of the driver, the mass of fuel
corresponding to 90 percent of the capacity of the fuel tank specifigt bganufacturer,
and the massf coolant, lubricant, tools and spare wheel, if any.

"Reference egrgy' (Er) means the potential energy of the vehicle type to be approved,
measuredrom the starting, unstablposi ti on CGO6 to the t€6G0 ¢
wall edge of the bus touches the concrete bottom of the ditch (Figure A7.1)

"Rollover test on a complete vehi€leneansa test on a complete, fuficale vehicle to
prove the required strength of the superstructure.

"Tilting platform" means a rigicstandwhich can be rotated around a horizontal axis in
order toperformarollover teston a complete vehicle

"Body work' means a complete structure of the vehicle in running order, including all
structural elements which form the passenger compartment, driver's compartment,
baggage compartment and spaces for the mechanical uniterapdnents.

"Superstructuremeans the loatiearing components of the bodywork as defined by the
manufacturer, containing those coherent parts and elements which contribute to the
strength and energy absorbing capability of the bodyworkyadainch preserve the residual
space in the rollover test.

AEnergy balancemeanscheckingthe principle of energy conservation during the standard
side impact or the rollover testThe total ptential energy of the vehiclis transformed
through its kinetic energwito other forms of energy

"Plastic zoné (PZ) means a specjageometrically limited part of the superstructure
produced by dynamic impact forces. Plastic zones are characterized by:

large scale, concentrated plasticatefations,

significant distortion of the original shape (cross section, length, or other geometry),
loss of stabilityresuling fromlocal buckling,and

kinetic energytransformed intanternalenergy
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"Cantrail' means thdongitudinal structural part of the bodywork above the side windows
including the curved transition to the roof structuré&e cantrail hits the ground first
during the rollover test

Finite Element (FE) analysimeans notinear, explicit, comptational mechanics study
used to assess crashworthiness of the bus and to prediginamic, structural response
during accidents.

Side impact testneans a experimentatollision of a SUV ora pickup truckcrashinginto

the driverside of aparatransit busThe impacted bushall be stationaryat the time of the
impact. The test setup is described by such parameters as velocity of the impacting vehicle
(SUV), itsmass dimensions of its frontal bumpeanimpact angleanda location of the
impactedzone.

Crashworthinesmeans the bus ability to provide passive safety for the passengers through
dissipation of the vehicle kinetic energy during crash accidents. Crashworthiness is
achieved through a balanced design witime elements whicpromote the development

of the plastic zones for efficient energy transfer, and with other structural elements which
help to preserve the passenger residual space.

APPROVAL

Approval methodsCrashworthiness and safetytbg paratransit bushall be assessed by
either:

0 Experimental, fullscale crash tests, or
o Numericalanalysis using FE method.

Both methods are considered equivalent and either one may be selected by the bu
manufacturer for the bus approyvak shown in Figure. The par&rtansit bus is considered

to be crashworthy andafe if its residual space (as defined in Appendix 1negher
compromised through intrusion (Section 5.3dJ) by projection (Section 5.3.2).

Partial validation requirementSlumerical analysisising a FE method requires a reliable
and validated FE model. A model validation process, as shown in Figure 1, shall be basec
on the following laboratory tests:

Material characterization tests of major structural parts of the body bus (Appendix 2),
Quaststatic tests of roefo-wall and waltto-floor connections (Appendix 3)

Impact hammer test of a bus side wall panel (Appendix 4), and

Center of gravity test of the vehicle (Appendix 5).

O O OO0

Impact scenariosThe validated FE model shall be usedagsess crashworthiness and
safety of the bus through:

o Side impact test (Appendix 6), and
0 Roll over test (Appendix 7).

Successful performance of both tests is required for the approval of the paratransit bus.
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Approval
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Figure 1. Approval methods for paratransit buses.

Full-scale crash test§he experimental fulscale crash test becomes mandatory if the
paratransit bus fails either of the computational amatests, as listed in Sectior23

CRASHWORTHINESSASSESSMEN THROUGH FULL-SCALE EXPERIMENTS

RequirementsTwo full scale tests shell be performed under this option: a rollover test and
a side impact tests. Requirements for both tests are included in Appendices 6 and 7.

FINITE ELEMENT MODEL DEVELOPMENT

Input data All data and information which are needed to evaluate the worst case criteria in
a group of vehicle typeare equired The following AutoCAD files ortheir hard copies
shallbe provided byhe manufacturer:

General layout drawings of thvehicle, its bodywork and its interior arrangement with the
main dimensions. Seats shall be clearly marked and their positions in the sbhitlee
accurately dimensioned.

Drawings and detailed description of the superstructure of the vehicle type or group of
vehicletypes.

Thicknesses of the structural components.

Material identification its propertiesandsteel grades.
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If requestedthe manufactureshall answer questi@and allow for visual checkingf

details regarding connections between body structure elements and the methods o
construction.

The unloaded curb mass of the vehieled the associated axle loads.

FE modelrequirementsThe FE model shall be capabof describinga real physical
behavior of the actual vehicle subjected to the loadings and conditions presentliuiring
tests. The FE model shall bedeveloped based on assumptions whsttall produce
conservative results. The model shaldeselopedvithin the followingguidelines

Thetestsrequiredshallbe carried oubn the actual vehicle structulements to prove the
validity of the mathematical model and to verify the assumptions made in the. model

The total mass and the centdrgravity position used in thEE model shall beequalto
those of the vehicle to be approvéddiscrepancy of up te 2% in each is allowed.

The mass distribution in the FE model shall correspond to the vehicle to be approved.
Moments of inertiaused in theFE model shallbe calculated based othis mass
distribution.

The F.E. program may start at the momenst prior to the first contact withhe
bottom of the ditch with the appropriate init@inditions.

TheF.E.program shall runintil the maximum deformatioaf the buss reached.

The F.E. program shall produce a stable solution, in which the resokiteer dependent
onthe incremental time stegor on the F.E. grid densibtf the model

The coefficient offriction used at the ground contact shetlell be carefully selected to
produce conservative result$yBical testshall be considered if appropriate.

All possible physical contacts between parts of the vehicle shaitdmified and
accounted fom theFE model.

VERIFICATION AND VALIDATION OF FE. MODELS

Verification and validation Verification is aqualitative process of confirming that a
computer codecorrectly implements the algorithms that were intendéalidation isa
guantitative process of confirming thatomputer simulationsadequately represent
physical phenomenmaeasuredhrough laboratory or fulscale testing programs.

New vehicle types and updated modédne fullscale rollover test and enfull scale
rollover test shall be required for/E model validation of aompletely newehicletype.

Due to a high cost of fulécale bus tests, partial FE model validations shall be used when
minor structural modifications are introduced in new busleis as described in Sections
5.3. through 5.6.

Material characterization tesisr major structural parts of the badyhe main goal of the
materialtesting is to identify actual material properties of the major structural components.
Appendix 2 preides guidelines for coupon testinilaterial properties acquired from
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these tests shall be used in all subsequent elements of the numerical approval gsocess
described in Sections 5.4 through.5.6

Quaststatic connectiontess. Two vulnerableconnectionof each busroof-to-wall, and
wall-to-floor shall be tested for its FE model validati&@ach connection shall include all
original structural elements, with the bus skin, but without any additional reinforcements,
which are not present in tlaetual busCrashworthiness ohese structural connectiais
considered critical during rettiver and sidenmpact accidents. Both quastatic tests shell

be performed according tuidelines presented #ppendix3. Experimental data shall be
used forFE model validation for both connections.

Impact hammetest ofa bus wallpanel Vehicle accidents result in significant dynamic
loading applied to the bus structurénergy transfer: fronkinetic into internal and
between impacting and impacted vehicliake place in short time intervals (such as 0.1
second).Dynamic material behavior is dependent on the strain ratekis usually
different from itsstatic behaviorTherefore, at least one dynamic testaside wall panel

of the busshallbe performed to validate the F.E. bus mod@lpendix4 describes details
of the impact hammertest of a panel cut of the bodgide wall. Comparison of the
experimental results with the computer simulations of tmelplemtest shall be used for
F.E. modelvalidation

Verification of center of gravitymass andwheel reactionsMass distribution of th&E

mod el must be compared with actual wvalue
in situ measurements partially validate the FE modeThe comparisoshallincludethe
position of the center of gravity (C&he unloaded curb masandthe wheel reactions.

The testing of the CGocation for an actual vehicle shall be based on the procedure
described in Appndix 5.

Verification of energyThe FE computer program shall be ablepgmvide calculations of
energy components for the energy balance at every incremental time step. The energ
balance is a major criterion used for verification of computatioreahanics studies. The
total energyshall remain constant with kinetic energy transferred into internal energy.
Non-physical energy components introduced through FE modeling (for example,
"hourglass" and internal damping) shall not exceed 5 percent obtidleenergy at any
time. Kinetic energyshall be verified through classical hand calculations based on the
trajectory of theCG of the FE model. An addition&G node rigidly connected to the
floor, shall providethis trajectory data as a direct output.

CRASHWORTHINESSASSESSMENT THROUGH COMPUTER SIMULATIONS

Computational mechaniegsethodologyAn approval of anewvehicle type with regard to
the strength of its superstructure shallnbade througla validated FEanalysis based on
the information data and test mateaatuired from laboratory testing apcbvidedby the
vehicle manufacturer. A description of tkemputational mechaniawnethod wich has
been utilized,precise identification of the analysis softeaincluding its producer, its
commecial name, and the version shb# provided in the finaleport. The final report
shell also includea list of the material models and the input data utilizéd simulations
shall include all numericaltests as descibed in Appendices3 through 7 The final
approval of the busype will be made based on the results of these t&sith: rollover
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and side impactull-scale tess on the completevehicle shallbe consideredf the
simulationresults are not satisfactory

Side impacsimulation A side impact is one of the critical performance tests, whlel

be implemented either as a fgltale crash test, or through computational mechanics
analysis. The impacted paratransitsiaall be stationarywhile the impacting vehicle
shall approach its target with velocity of 30 mph ata 90° angle. Details of the side
impact tests are provided in Appendix

Impacting vehicle Ford Explorer, Chevrolet S10 pickup, and Chevrolet C2500 pickup
trucks shall be usedas impacting vehicles. ln alternative vehicle is used, shall be
selected within thesimilar mass, bumpeheight, and location of CG&s the prirary
vehicles specified in thisestion.

Impact point The busshallbe impacted between the front and the rear arleshe street
( dr i v e.rTbhescloseds, rightnd of the impacting bumpehall be located from the
rearbuswheel at a distance of d = 100 nffigure A6.1.)

Residual spacelhe busshall pass the test if the passenger residipaice, as defined in
Appendix 1 is not compromised as a result of the simulated side impact.

Roll-over simulation A computational mechanics analysisall be carried out according

to thetest procedur@escribed inAppendix 7. The approval is based on the concept of
preservingthe residual spacedefined in Appendix 1. The superstructure of the vehicle
shall have the sufficient strength to ensure that the residual space during and after the
rollover teg on complete vehicle is uncompromised

Intrusion.No part of the vehicléocatedoutside the residual space at the start of the test
(e.g. wheelchair lifts,stanchions safety ringsand luggageacks) shall intrude into the
residual space during the test. Any structural parts, which are originally in the residual
space (e.g. vertical handhogjdshall be ignored when evaluating the intrusion into the
residual space.

Projection.No part d the residual space shall project outside the contour of the deformed
structure.The contour of the deformed structure shall be determined sequentially, between
every adjacent window and/or door pillaThe contourbetween two deformed pillars
shall beestablished aa theoretical surface, determined by straight lilkeshall connect
inside contour points of the pillaet the same elevatipabove the floor levebefore the
rollover test.

DISCLAIMER

This specification is extracted from, ancc@nsistent withbus safety standards as required by the
referenced U.S., U.N., and E.U. regulations as of the date of releaseRé\gsn

Neither the Crashworthiness and Impact Analysis Laboratory of the FASBW College of
Engineering, its faculty Florida State University, Florida A&M University, and their respective
Boards of Trustees, nor the Florida Department of Transportation make any warranty, express
implied, as to the accuracy, quality or usefulness of the information contained pulbhsation

for any purposeln no event shall FAMLFSU College of Engineering, Florida State University,
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Florida A & M University, their respective Boards of Trustees, nor the Florida Department of
Transportation be liable for any direct, indirect, piwei incidental, special, consequential
damages, or any damages whatsoever arising out of or connected with the use or misuse of tr
document. The parties do not warrant that the prescribed tests and calculations are sufficient to
establish the safety gtructural integrity of any vehicle in an actual collision.
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Appendix1

RESIDUAL SPACE

An envelope of the vehicle's residual space is defined by creating a vertical transverse
polynomial within the vehicle, which has autline described in Figures All(a) and

Al.1 (c), and moving it along the vehicle longitudinal center plane VLCP (see Figure
A1.1(b)) as follows [1]:

The & point is located on the selahck of each outer forward or rearward facing seat (or
assumedseat position), 500 mm above the floor under the seat, 150 mm from the inside
surface of the side wall. No account shall be made of wheel arches and other changes c¢
the floor height. These dimensions shall also be applied in the case of inward fatéing se
in their center planes.

If the two sides ofthe vehicle are not symmetriwithin the floor arrangement and,
therefore, the height of thexpoints are different, the step between the two floor lines of
the residual space shall be taken as the leshiongitudinal center plane (see
FigureAl.1(c));

The rearmost position of the residual space is a vertical plane 200 mm behirgthietS
of the rearmost outer seat, or the inner face of the rear wall of the vehicle if this is less than
200 mm behid that & point.

The foremost position of the residual space is a vertical plane 600 mm in front ¢f the S
point of the foremost seat (whether passenger, crew, or driver) in the vehicle seat at its
fully forward adjustment.

If the rearmost and forembseats on the two sides of the vehicle are not in the same
transverse planes, the length of the residual space on each side will be different;

The residual space is continuous in the passenger, crew and driver compartment(s
between its rearmost andrémost plane and is defined by moving the defined vertical
transverse plane through the length of the vehicle along straight lines througtptiatS

on both sides of the vehicle. Behind the rearmost and in front of the foremoskseat S
point the strajht lines are horizontgBEee Figure All).

The manufacturer may define a larger residual space than is required for a given sea
arrangement, to simulate a worst case in a group of vehicle types to allow for future design
development.
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Appendix2
MATERIAL TESTINGOFMAJOR STRUCTURAL PARTS OF HE BUS BODY

At least three sets of specimens gut of the original bus components such as: body skin
(outer layer), tubes used as the cage elements, and floor gbetidde delivered by the
manufacturefor materialtesting to determine properties of the materials used for the bus

Samplescut out of the floor plateshall be tested forstatic four point bending. The
rectangular spcimens with the dimensionrd&a x 0.53 where @0 is the characteristic
dimension rangindrom 4to 12 in.,shall be loaded according to FiguA&2.1. Thepoint
load F anda corresponding displacemeio at the midspanof beamshall be recorded.
The tesshallbe conductedntil failure,

»a a

FigureA2.1 Test setup for four point bendingth a=1ft

Material samplesextractedfrom the body skin androm the structural elementsshall
undergo the tensile test. These coupsiral be ofarectangular shape witdnaspectatio
(longer side to the smaller side) equal to ten. Precise dimemsigstbe determined based
on the capabilities of the testing equipment.

Eachtest slall be repeated at least once under the same conditions as the original one.

The readings oinstantaneousoading and corresponding strain or displacenstat be
acquiredsimultaneously.

Values ofrecordedloading and strains will besed to determinestressstrain relations
with engineering (nominal) valueShey will be converted teeal (actual) propertiesand
will be usedas an input in the.E. model.

The main tensile testinghall be conducted as quasiatic with the loadingate smaller
thanthe maximum specified in the appropriate standardaboratory testingThe quast
static tensile testshall be repeated with the maximum allowed loading spesditingin
guastdynamic testsThe time for each readirghall be recordedin this caseThis quast
dynamic data can be usedestimatethe strain rate dependence of the matéested
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Appendix3

QUASI-STATIC TESTS OF ROOFTO-WALL AND WALL -TO-FLOORCONNECTIONS

Crashworthiness of the bus structure during a side ingpacilover accidentdependon
its roof-to-wall andwall-to-floor connectios. The test setup is presentedFigure A3.1.
The width of theroof, floor and wall panelshallbe the same arghallinclude ateast two
vertical elements of the stefeghmeand at least two horizontateelelements (tubes or-C
channels) in the floor. The wall parsHallbe cut at the level just under the winddvine
roof andfloor width shallbe of gproximately the same length.

Theroof orfloor panelshall befixed while the wall panel is loaded horizontalhywards
during the testThe loadingshallbe applied to the topdge of the wall sectioihe load
shall be evenlydistributedalong the entire pané&ngth through a rigid strip as presented
in Figure A3.1.

a) b)

Wall panel

Floor panel

FigureA3.1 Setup for connectiotesting. a) Roefo-wall and waltto-floor connectios,
b) Supports and force application tbewall-to-floor connection

Loading and theresulting displacement along its direction shall be recorded
simultaneouslyluring the testThe load shall be increased gradually, taking measurements
of the associated deformation at discrete intervals until the ultimate deformstion
reached Theresultingresistance function (force vs. displacementendingmoment vs.
angleof rotatior) shallallow identifying plastic zones (PZas shown in Figure A3,21].

The frequency of measurenteshallallow producinga continuous curvelhe "measured
range’; the range of deformation over which measurenmastoeen madeshall include

the phase of the plastic deformatiordahallreach beyond the point of maximum loading.
Both load and deformation shall be measured to an accuracy pér cent.
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FigureA3.2 A sample oftheresistance functiowith a plastic hingg[1].

4. If the applied load changes its direction due to large deformations of the wall panel, the
resulting plastidisplacemenand an angle at which the force is applied shall be recorded
during the experiment
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Appendix4

IMPACT HAMMER TEST OFA BUS SIDEWALL PANEL

Plastic zones PZan be identified through eithequaststatic or dynamic tests The
dynamic characteristics of a PZ may be determined in two ways:

o by dynamic impact testing of the component.

0 by using a dynamic factor &to scale upthe quasstatic PZ characteristics, as
shown in Figure A4.1in the second methothe values of thguasistatic bending
moment may benagnifiedby Kqfactor. Regulation 66 r. O&llows usingky = 1.2
factorfor steel structural elements without laboratory &kt

Figure A4.1Plastic zone dynamic characteristasrivedfrom statictesting[1]

The major objective of experimental ®#& to validate the assum&dE material models,
material properties, and contact description a bus wall panein a simple dynamic
impact testsing thefollowing verification procedure:

Define and prepa a suitablesection of the bus bodg x b, Figure A4.2A good
cooperation with a producer iequired in this stagéo obtain a representative and
adequate part of the bus bodiyhe selected panel shall represent an actual part of the bus
without any mdifications, additional reinforcements, etc

Take measurements of the initial geometoafiguration of theconnectionin terms of its
dimensions, connections between individual elements, thicknesses and other structura
characteristicsLoading ad boundary conditions shall be closely moretbi(as specified

in this Appendix) since any deviation may significaratierthe test result
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bus wall panel

impacting device

Figure A4.2The impact test setup for bus wall pan{2$.

Estimate the required value of impacting mass. An underestimated impacting mass lead:
to small deflections and poor validation of the assumed nonlinear material models.
Excessive deflections due to overestimated impacting masscareclusivefor numericé
simulationi thetestedelement is simply damaged, and no informationualits behavior

can be obtained.

Perform the impact test

Measure permanentdeflections,and notedamages and characterisfieatures of the
deformed sample.

Devdop a numericalFE model of thetest setupand perform a&omputational analysisf
the test.

Comparethe numerical and experimental results. Due to the short duration of the entire
event, only the finatlisplacements shadtle comparedData acquisition ofime histories of
strains, displacements, and accelerations for the points on the test samplienal. It
requiresmore instrumentation lab@nd expensivéestingequipmentwithout significant

gain inaccuracy of the measured data
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Modify the original assumptionsisedfor the numerical model. If necessary, the additional
experimental testshallbe carried out.

Experimental setupThe experimentalsetup is built with welded steel elements, and
placed ona flat, solid comrete surface. Due to heavy supporting elements, no additional
fixing elementsshall beused in order to prevent the lateral sliding of the supports during
the impactThe test devicepresented in Figure A4.2onsists of the following parts:

An impacting frame, with necessary stiffeners. The impacting be#@m2st 4 5 mm ( 9 ¢
long. Both arms aréB=3020 mm ( 1190) | o n g.is hdlldwewithh mp a
adjustable mass. Its mass can be increasetilling it with water, orby adding solid
weights onits top.

A supporting structure, connecting thame with heavy solid support.

Suppots for the test sample, at the distance C, Figure A4.2.

A lifting device witha pulley andadequate release mechanism.
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Appendix5

CENTER OFGRAVITY OF THE VEHICLE
General principles

The total energy to be absorbed during a bus rollover directly depend on the location of
the vehicle center of gravityCG). Therefore, its determinatiashall be as accurate as
possible The method of nasurement of dimensions, angles and load values, and the
accuracy of measurement shall be recorded for assessment by a qualified technical service
The following accuracy of measuring is required [1]:

for measurementsmallerthan 2000 mm, accuracy of °1mm

for measurements greater thg@a mm, accuracy of ° 0.05 per cent
for measured angles, accuracy of ° 1 per cent
for measured load values accuracy of ° 0.2 per cent

The wheelbase(s) and the distance between the centers of the footprintvaidled(s) at
each axle (the track of each axle) shall be determined from the manufacturer's drawings.

Blocked suspension is specified as the condition for determining centre of gravity and for
carrying out the actual rollover testThe suspension shée blocked in the normal
operating position as defined by the manufacturer.

The position of th&€€G is defined bythe followingthree parameters:
longitudinal distance {) from thecenterline of front axle,
transverse distang® from the vertical longitudinal central plane of the vehicle,

vertical height () above the flat horizontal ground level when all tires are inflated as
specified for the vehicle.

A method for determining,| t, hy, using load cells is olimed below. Alternative methods
using lifting equipment and/or tilt tables for example may be considered by the technical
service which will decide if the method is acceptable based on its degree of accuracy (ses
paragraph 1.1. above).

The CG positon of theunloadedvehicle (inloadedcurb mass M) shallbe determined by
measurements, as follows.

Measurements

The longitudinal () and transverse (t) coordinates @G shall be determined on a
commonhorizontal ground (see Figure A where each wheel or twinned wheel of the
vehicle is standing on an individual load cell. Each steered wheel shall be set to its
straightahead position.

The individual loaecell readings shall be noted simultaneously and shall be used to
calculate lhe total vehicle mass and t8& position.



2.3
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The longitudinal position of th€G relative to the center of the contact pointlué front
wheels (see Figure AD) is given by:

(AR RAR)L,
! (Protal)

(A5.1)

where:

P; reaction load on the load cell under the-kefhd wheel of the first axle
P>

Ps; = reaction load on the load cell under the-kefhd wheel(s) of the seconsle

reaction load on the load cell under the digahd wheel of the first axle

P, = reaction load on the load cell under the rHigahd wheel(s) of the second axle
Ps = reaction load on the load cell under the-lefhd wheel(s) of the third axle
Ps - reaction load on the load cell under the righhd wheel(s) of thihird axle
Potal = (Pi+Po+Ps+Ps+Ps+Ps) = My unloadeccurbmass; or,

= M, total effective vehicle mass, as appropriate
L, = the distance from centef wheel on I axle to centeof wheel on second axle

Lo

the distance fromenterof wheel on T axle to centeof wheel on third axle, if
fitted

If the vehicle has only two axles, the terms associateld thi¢ third axle in equation
(A5.1) and (A52) shallbe dropped

Figure A51 Longitudinal position of th€G, [1].

The transverse position (t) of the vehictd's CGrelative to its longitudinal vertical cesr
plane (see Figure AB) is given by:

T8 1

A5.2
2 - Ptotal ( )

a T T
t= &R -R)_+(R-P)Z2+(R-R)
c 2 2
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where:

T, = distance between the centers of the footprint of the wheel(s) at each end of the first
axle,

T, = distance between the centers of the footprint of the wheel(s) at each end of the
second axle,

T3z = distance between the cerg®f the footprint of the wheel(s) at each end of the third
axle.

If the value of (t) is negative, then tl&G of the vehicle is located to the right of the
centerline of the vehicle.

B 71
——-—:
= N ¢ ‘
T oS¢ %

m
'_P}' y A ==
1

R B

Figure AS2 Transverse position of center of gravyity].

The vertical location of theCG (hy) shall be determined by tilting the vehicle
longitudinally and using individual loacklls at the wheels of two axles.

Two loadcells shall be positioned on a common horizontal plane, to accommodate the
front wheels. The horizontal plane shall be at sufficient height above the surrounding
surfaces that the vehicle can be tilted forward to the required anglesdseen?2.5.2.
below) without its nose touching that surface.

A second pair of loadells shall be placed in a common horizontal plane on top of support
structures to support the wheels of the second axle of the vehicle. The support structure:
shall be sufficiently tall to generate a significant tilt anglé> 20) for the vehicle. An
increased angle results in more accurate location ofCtRe see Figure AB. The
vehicle is repositioned on the four leadlls, with the front wheels blocked to prevent the
vehicle from rolling forward. Each steered wheel shallskbt to its straigkahead steer
position.

The individual loaecell readings shall be noted simultaneously and shall be used to check
the total vehicle mass and its center of gravity position.

Thetilt angleshallbe determine by the Ejuaion A5.3, (seealsoFigure AS3):
a-= sin'léig (A5.3)
a |
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where:
H = height difference between the footprints of the wheels of the first and second axles
L; = the distance from theenter of wheel first and second axles

2.55. Theunloadednmass of the vehicle shall be checked as follows:

Frota = FitFotFs+Fa t Pt Mg (A5.4)
where:
F. = reaction load on the load cell under the leficheheel of the first axle
F, = reaction load on the load cell under the right hand wheel of the first axle
Fs; = reaction load on the load cell under the left hand wheel of the second axle
F, = reaction load on the load cell under the right hahdelof the second axle

If this equation is nosatisfied,the measurement shall be repeated and/or the manufacturer shall
be asked to modify the value of theloadedcurbmass in the technical description of the vehicle.

2.5.6. The height () of the vehicleCGis given by:

s 1 @& F+F, 8
hy=r+ s G-, 2t ey (A5.5)
Qtana‘-g I:)total =

where:

r = avertical distance between the wheel center (on first axle) and the load cell top surface

Figure AS3 A testthe vertical location of th€G, [1].
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Appendix6

SIDE IMPACT TEST

The side impact test provides information on the structural response of the passenger
compartment and the resulting safety of the bus passengers.

1. An experimental test or a finite element analysis shall be used for a side impact assessmel
of a paratransit bus

2. The bus shall be impacted by the Insurance Institute for Highway Safety movable barrier,
as shown in Figure A6.1, [6], [7].

3. The impacted patransit bushallbe stationary and positioned on a rigid, horizontal
surface

4. The impactingogieshallhavemass of 1.54 tong,velocity of 30 mphandanapproach
angle of 96,

5. The impact zonshallbe selected in such a way that the closest point of the impacting

bumpershallbe located at a distance of d = 100 mm from the closest point of the rear
wheel ofthe bus, on the road (driver) side of the vehicle

6. The test is judged as successfuhiéresidual space (Appendix 1) of the bus is preserved.

Figure A6.1A movable barrier used by the Insurance Institute for Highway Safety for side impact
tests Left: an actual IIHS bogie with aluminum honeycomb head
(Sourcehttp://www.saturnfans.com/photos/showphoto.php/photo/44595/size/blgg.php
Right: a public domain finite element model.
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