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Abstract

Vehicle rollovers are particularly dangerous crash mdueg responsible for a considerable
percentage of the entire vehicle occupant faaliiTest devices based on the functional principles
of the Jordan Rollover System (JR8jay help researchers in investigating what happens to
occupants during vehicle rolloverRepeatability and reproducibilitpf test outcomes are both
paramountequiranentsfor any futuresuccessfutollover crash test protocoApart from the initial
testing conditions, test outcomeasy beaffected by some boundary conditioas well Thus a
standardisedollover testing protocol should impose a strict control alson those boundary
conditions that could influence thesteutcomes.

This research aimed at identifying whether and to what extent imitlaéandboundary conditions
may affect the repeatability and reproducibility of the test results. Such investjgatimm was
carried out using computer simulations of crash tests with the UNSW idRiSated thattwo
conditionswhich can influence the test outcomes are ritedbedto-vehicle friction and the initial
offset of the roadbed bottom skids from the grosmpports

Introduction

Based on a statistical study on the thraestralian states of News South Wales, Victoria and
Northern Territory, ehicle rolloverswere responsible for aroun®5 percent of all occupant
fatalitiesthat occurred irsinglevehicle crashesduring the period 200Q007 (Fréchéde, Mcintosh,
Grzebieta,& Bambach, 2011)Understanding the mechanisms that cause severe injuries during
vehicle rollovers is essential to develop effective design countermeasures. A repeatable rollover
crash test mcedure would be ideal to allow researchers to investigate injury mechanisms during
vehicle rollovers. Test devices based onweking principles of theJordan Rollover System (JRS)
(Friedman& Jordan, 2008) appear to be good candgifte conducting repeatable rollover crash
tests(Chirwa, Stephenson, Batze$, Grzebieta2010).

In general, the JRS testing principle aims to replicatewedd vehicle rollovers by dropping a
vehicle that is spinning around its longitudinal axis omoagproaching sled, or roadbed, which
moves at a preefined initial speed. The front and rear ends of the tested vehicle are hinged to two
separate control arms, which are free to rotate independently and allow the vehicle to drop from an
assigned initiaheight. Testing of a small passenger ¢&oyota Yaris)with the University of New

South Wales (UNSW) JRS (Grzebietaal, 2013)is shown inFigurel.

A recent inestigationthat was conducted throughsabjective assessmeat the experimental
resultsindicated that agoodlevel of repeatability was achieved from two rollover crash tests that
were conducted using the University of Virginia (UVA) Dynamic RollovestT®ystem (DROTS)
(Seppi, Toczyski, Crandaft Kerrigan, 2108 which is a JR®ased testing devid&erriganet al,
2011). However, in previous researchy Mongiardini et al. (2014) substantial differences in the
measured roll rate and roadbed load wdsntified between two rollover crash tests with a small
passenger cailhese testsvere conducted under the same nominal conditionsusing different
JRSbasedlevicesi.e., theUVA DRoTS andhe UNSW JRS.
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Figure 1. UNSW JRStest with asmall car (roadbedsupportoffset shown inrmagnifiedview)
(Left ) and schematic view of the roadbed support from ground support (Right)

Apart from thetesting hitial Conditions( | G test putcomes may be affected by sdoendary
Conditions B C pas well Thus, toachieve testing repeatability and reproducibility, it is important
to identifyalsothoseB C @hatwould determine the test outcomasdimposea rigorouscontrol on
those conditions in any futurggandardisedollover testing protocol Thus, he objective of this
research was to identifglevantl C 6 s /thBt@vousd affect the repeatability and reproducibility of
test results.The investigation was conducted using detailed computer simulations edcalé
rollover crash tests on a small passenger vehicle with the UNSW JRS

Methods

Thetwo rollover crash tests that wepeeviouslyconducted using the UVA DRoTS and the UNSW
JRSwere used as baselmduring the comparisons of the simulation resiifigite Element (FE)
simulations of fullscale vehicle rollover crash testwith the UNSW JRS werearried outto
analyse whether and to what extéimé test outcomes would be affected when varysedected
testing | C/B € 0 kiitially, two simulations were performedo tdemongate that theminor
differences between thel C ok the two baseline experimental tests cannot justify all the
dissimilaritiesin the test outcomesrhesetwo simulations wereeonducted at the same C ¢hat
were recorded for thecorrespondingbaseline tets Subsequently, preliminary paametric study
was conducted for the followintyvo | C/B € 60§ interest (a) roadbedsehicle friction and (b)
initial roadbed offset from the grourslipports A summary of thel C/B € 6far each of the
simulated scenarias shown inTablel.

Simulations were performed using{®'NA, a nonlinear explicit FE solver that is highly suita

for simulating crash events (LSTC, 2015). A validated FE model of the UNSW JRS coupled with a
detailed vehicle model of 2010 Toyota Yaris was used as a basis for all the simulations
(Mongiardini Grzebieta, Mattos, & Bambach, 2Q16he FE model is Bown inFigure2.
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Figure 2. FE Model of the UNSW JRS coupled withsmall passengecar (Toyota Yaris)

Table 1: Matrix of simulatedscenarios toinvestigateelevantt C6 s/ BCO6 s

| C6s BC6
Values Values
g _
o £ €
=~ o 5 € ) ; § =
. . 2 T o E © § o 2
Configuraton © <= & = © o ¢ RS
Name L 5 2 B L
[e)) c (@) 6 9 T O ©
c < S T 8 83 2
S 532 2388 T
5 2 8 2 BT o o o
@ o > O r o o 04
5 % IC_JRSB13037  -179.211.590.0 228.8 -263.729.610.0 .40/.25
o
@
" 0 |IC_UVA 1519 181.0-12.990.0 185.9 268.0 30.210.0 .40/.25
2
;g % Offset_10mm -179.211.590.0 228.8 -263.729.610.0 .40/.25
O |O
é O B _ |Offset_7.5mm -179.211.590.0 228.8 -263.729.6 7.5  .40/.25
o Qo
S c‘gg Offset_5mm -179.211.590.0 228.8 -263.729.6 5.0  .40/.25
T o
o2 Offset_2.5mm -179.211.590.0 228.8 -263.729.6 2.5  .40/.25
(7]
qé Offset_Omm -179.211.590.0 228.8 -263.729.6 0.0  .40/.25
©o| B . . -
Ol £ § |Low_Fric -179.211.590.0 228.8 -263.729.610.0 .40/.25
I3
m e E Mid_Fric -179.211.590.0 228.8 -263.729.610.0 .60/.45

1 Static Friction / Dynamic Friction
8 Equivalent Drop Height Based on Vehicle Speed

Results
Roleof thedi f f e r eetweentheldsts

Two scenarios with C &an either the two experimental tests with the UNSW JRS and the UVA
DRoTS were simulated, as summarised in the sediR®/DRoTSn Table 1. In the simulated
scenaridC_UVA 1519 t he testing | Cbs from the UVA t est
UNSW JRS.When imposingt h o s e thel stnailationdid not indicate any gjnificanly better
correlationtowardsthe results of the test with the UVA DRoTs The graphs of the simulated
vertical roadbed load and the simulateghicle roll ratefoll angleare shown irFigures 3 and 4,
respectivelyThe simulated curvef®r the modelled scenario with theC 6f she test with the UVA
DRoTS were practically similar to the curves for the simulated scenario withlthé 6fghe test
with the UNSW JRSIn other words independently from the differerit C,6bsth simulated
scenarioswere in significant disagreement with the corresponding curves from the actual
experimental teswith the UVA DRoTS This indicatel that the different C ®efween the tests
with the UNSW JRS and the UVA DRoTS were not the mainoreésr the different test outcomes.
Therefore, theobserveddifferent outcomedor the two tests were likely caused by differences in
eithersomeof theB C dissome of thé C oOtiser than those normalbontrolled orimposed inthe
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test setupThe most kely IC and BC that may justify the observed different test outcomeze
then identified to behe initial offset of the roadbed from the ground supports and the vehicle
roadbed friction, respectively
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Figure 3. Simulatedroadbedoadi simulations atsamel C 6fgach of thetwo tests compared
to experimentalresults.

Vehicle Roll Rate Vehicle Roll Displacement
Time (ms) Time (ms)
0 50 100 150 200 250 300 0 50 100 150 200 250 300
o L L L L L J o L L L L L J
_ 50+ B -10 -
- - \\

8 -100 - g 20
2 g 30 s
g 1507 £ -40 -
© -200 - , 8 -50 - e,
@ -250 |, hak g T
T 20 | a -704 T
& 300 S 80 T

-350 -| X o9 N

-400 - -100

(@) (b)
)
UNSW JRS -=== UVA DROTS (Test 1519)
O Simulation (IC's UNSW Test) —a— Simulation (IC's UVA Test 1519
. . - o o

Sign inverted (test vehicle rolling in opposite direction)

Figure 4: Simulatedvehicleroll rate androtationi simulations atsamel C 6 gachoof thetwo
tests Ccompared toexperimentalresults.

Sensitivityanalysison selected C6 s/ BCO s

A preliminarypamametric study was then conducted to investigate the potential role of the following
two | C/B € dokintereston the test outcomesa) initial roadbed offset from the groursdipport
and(b) roadbeevehiclefriction.

Initial roadbedoffsetfrom ground supports

In previous research related to the development of the FE model of the UNSW JRS, the initial offset
of the roadbed from the grousdpportsvas found to have a considerable rotethe impact force
measured by the load cells that are embedded in the rofdbadiardiniet al, 201§. Simulations
showed that #argerinitial offset between the roadbed and the ground supports@ase a higher
peakload as well as a longer flucation of the impact force measured by the roadbed load cells.
Both these effects are a consequence of the roadbed bottoming out on thesgpports which
ultimately causes the roadbed upper wood surface to apply an inertial force onto the loadtcells th
are located immediately underneath. A smaller roadiggortoffset would likely reduce such
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inertial load, thus reducing the initial spike of theasuredoadbed impact force. Tiortherassess
the influence of the roadbesipportinitial offset on theforce measured by the load cells, a series of
simulations wereéhenperformedas part othis researchby varying such offset between 10 mm and
0 mm, as summarised in the sectiRoadbed Offseh Tablel.

The simulated roadbed lodidbm each investigated scenagae well as the experimental lo#uht

was measured during the teswith the UNSW JRS and the UVA DRoTS are showrfFigure5.

The corresponding peak loads are summaris@alie2. Simulations confirmed that a reduction of

the roadbegupportinitial offsetin the test with the UNSW JRB8ould have likely contributed to
create a roadbed load much more similar to that measured in the test with the UVA DROTS. In fact,
a reduced iiial offset between the roadbed and the ground rollers seeamtobute to redung

thefirst peak load, especially for offset values equal or less than 5 mm. Another general trend that
was noticed is that the smaller the roadbed initial offset filtengroundsupports the earlier the

first peak load occurs. Such phase shift offirst peak load can be justified by an earlier bottom

out of the roadbed ithe case of a smaller offset.
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Figure 5: Simulated roadbed load vamyg the roadbed initial offset from ground support
(compared to experimental results).

Table2: Simulatedpeak loads varying the initial roadbed offset from the ground supports
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*
Values in square brackets indicate the peak time
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