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1. I ntroduction

Fifteen-passenger vans' are in widespread use for the transportation of college sports teams, van pools,
church outings, and other smilar groups. There have been a number of widdy-publicized sngle vehicle
crashes that have involved fifteenpassenger vans transporting college sportsteamsin the last year. All but
one of these crashes have involved rollover of the fifteen passenger van.

These crashes have raised the question as to whether fifteen-passenger vans, especidly loaded fifteen
passenger vans, are unusualy susceptible to rollover. Fifteenpassenger vans differ from most light truck
vehicles in that they have a large payload capacity and the occupants St fairly high up in the vehicle.
Therefore, when loaded the vehicle may have a much worse rollover propensity than when unloaded.

Toexaminethisissue, abrief sudy has been performed. Thisstudy iscomposed of threeparts. areview of
crash datatolook at the record of fifteen passenger vans, measurement of the Static Stability Factors (SSF)
of afifteenpassenger van, a sevenpassenger van, and aminivan; and asmulation andysis of the handling
characteristics of an unloaded and loaded fifteen-passenger van.

"Whilethese vehidles actualy have seating positionsfor adriver plusfourteen passengers, they are
typicaly cdled fifteen passenger vans. Also, these vehiclesare actually classified as buses under 49 CFR

571.3.
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2. Crash Data Analysis

To examine the rollover experience of fifteen-passenger vansin the population of crashes, the crash datain
NHTSA=s State Data System were analyzed. The State Data System is a census of crashes from 17
participating states. The data, comprised of fatd, injury or property-damage-only (PDO) crashes, are
recorded in the system based on the reporting thresholds in the states concerned. The reporting thresholds
for the participating States vary. This study was performed using the crash data from Forida, Maryland,
Missouri, New Mexico, Ohio, Pennsylvania and Utah for crash years 1994 through 1997. These seven
gateswere chosen for thisstudy because of the availability of the V ehicleldentification Numbers(VINS) and
rollover scenario variables that were essentid for the study. The VINSs were decoded to determine the
vehicde make and modds from which the fifteen passenger vans were identified.

Seven vehicle modds, and al modd years during which they were sold asfifteen passenger or comparable
vans, wereidentified. Thislist was compiled in consultation with vehicle manufacturers and by inferring the
sedting capacity from the vehicle=s manud. The make-modes identified are:

Chevrolet Express 3500

GMC Savana G3500

Dodge Ram Van/Wagon B3500
Dodge Ram Wagon B350

Ford Econoline E350

Ford Club Wagon E350

GMC Rdly/Vandura G3500

B BB AR

The make-models of the vehicleswere derived from thereported VINsinthe State Data System. Theissue
of seating capacity, i.e., if the van was afifteen passenger van, can neither be determined fromthe VIN nor is
it avallablein the datasystem. The seating arrangement isusualy decided a theretall leve (dedership, etc.)
according to the needsof the cusomer. Inthevehicleslisted above, only part of thefleet isfindly configured
as fifteen-passenger vanswhile some are used as cargo vans. The VIN was used, to the extent possible, to
determineif the vans were used to transport passengers or cargo. The Gross Vehicle Weight (GVW) of a
fifteen passenger van was used as a standard to extract comparable passenger vans from the dataset.
However, there isno way to ensure that these vehicles actualy were configured as fifteen passenger vans.

Thisandys's examines the propensity of these vehiclestorollover indl single vehicle crashes. Theissue of
rollover propendty consdered the effect of higher occupancy levesin the vans.

Passenger vansthat wereinvolved only in Sngle vehicle crasheswereidentified for the purpose of thisstudy.

Insnglevehicle crashes, rollover resistance metricsin combination with vehicle maneuversmay bemore of a
predictor of rollovers as compared to multiple vehicle crashes where the impact dynamics may be the
ggnificant factor in initiating the rollover event.
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The crash data were examined to determine the correlation, if any, of the increased risk of rollover with
higher occupancy levels.

The cdculated rollover ratios are ratios of the numbers of rollovers to the numbers of dl single vehicle
crashes. Therollover ratiosin this research note were not calculated using the same crash sdection criteria
or the same date crash reporting thresholds as were used in studies published in NHTSA’s notices
egtablishing the NCAP rollover resstanceratings. However, they are useful for comparing the vehiclesand
load conditions addressed here on acommon basis, but cannot be used for comparisonsto therollover risk
levels reported in the NCAP ratings.

Looking at dl rollovers, regardiess of the number of vehicle occupants, fifteen-passenger vans have dmost
the same rollover ratio as does a comparison group: dl light trucks and vans (LTVS).

The occupancy levels of the vehicles were determined from the crash data. The rollover ratios have been
depictedin Table 1 by the occupancy levelsof thefifteen-passenger vans. Therollover ratioswere observed
over four categories of occupancy levels: under 5, 5-9, 10-15 and over 15 occupants.

Table 1. Number of Crashes, Rolloversand Rollover Ratios by Occupancy Level of Fifteen
Passenger Vansin Single Vehicle Crashes

Occupancy All SV All Rollover Combined Rollover
Level Crashes Rollovers Ratio Ratios 1 to 9and 10
or more occupants
Less than 5 1,815 224 12.3%
12.7%
59 77 16 20.8%
10-15 55 16 29.1% 35.4%
Over 15 10 7 70.0%

Asseenin Table 1, the propendty to roll over increases with the occupancy leve. It can be inferred from
Table 1 that afifteenpassenger van that has over 15 occupants runs amost six timestherisk of rolling over
as compared to a fifteen-passenger van that has less than 5 occupants (70.0 vs. 12.3 rollovers per 100
crashes), when involved in asingle vehicle crash. When confining the analysis to two groups, less than 10
occupants and 10 or more occupants, the rollover ratio for the vehicles with 10 occupants or more
occupantsisamost 3times (35.4 percent vs. 12.7 percent) that of vehicleswith lessthan 10 occupants. As
previoudy stated, even though efforts were made to include only vehicles that were intended to transport
passengers, there still may be some vehicles that may have been cargo or specid-use vans, especidly inthe
category of crashes with lessthan 5 occupants. Since the rollover propendty of these typesof cargoisnot
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known, the complete remova of cargo vansfrom thisandysis might change the observed occupant |oading
effect on the propensity to roll over.

3. Rollover Propensity Metrics of Fifteen-Passenger Vans

NHTSA had S.E.A., Inc. measurethelightly and fully loaded inertid parameters of afifteenpassenger anda
Sevenpassenger van. Past NHTSA research hasmeasured thelightly and fully loaded inertiad parametersof
severd minivans, one of these was selected for comparative purposes. Information about the vehicles for
which theinertia parameters were obtained is shown in Table 2. Note that in Table 2 the Lightly Loaded
Weight (LLW) column contains the weight of the vehicle with aweight equivaent to fiftieth percentile made
dummy in the driver’ s seet and no other cargo while Gross Vehicle Weight (GVW) is achieved by placing
weightsequivaent to fiftieth percentile male dummiesin every seeting position plusbdlast (smulated luggage)
in the rear cargo space.

Table 2: Information About Vehiclesfor which Inertial Parameters Were M easur ed

Max. No. Track
Vehicle Occupants | Width | Wheelbase | LLW GVW
(in) (in) (Ibs) (Ibs)
1998 Dodge Caravan 7 63.50 113.60 3,816 5,000
1998 Ford E150 Club Wagon 7 69.70 138.00 5,658 7,000
2000 Ford E350 XLT Super Duty 15 68.20 138.15 6,415 9,100

Table 3 showsthelightly and fully loaded measured inertid parametersfor each of thesethreevehicles. Note
that the center of gravity height of thefifteen passenger van rises by 4.0 inches asthevehicleisloaded versus
1.4 inches for the seven-passenger van and 0.9 inches for the minivan.

Table 4 shows a rollover propengty metric, Static Stability Factor (one-hadf of the vehide strack width
divided by its center of gravity height), in both the lightly and fully loaded conditions for al three of these
vehicles. Asthistableshows, the Static Stability Factorsof al three vehicles decrease from thelightly loaded
to the fully loaded conditions. The largest change is for the fifteen-passenger van. Based on NHTSA=s
Rollover Ratio versus Static Stability Factor regresson trend line, this change in Static Stability Factor is
predicted to increase the rollover ratio by gpproximately 40 percent. NHTSA uses this trend line to give
consumer information on the rollover resistance of passenger cars, vans, pickups trucks, and SUVs. This
trend line is based solely on Static Stability Factors measured with only the driver present in the vehicle
because this is the most common configuration in which private consumer vehicles are driven. NHTSA is
deve oping information with which toinform consumers of the sengtivity of rollover resstanceto theweight of
the additiond passengers. Thisconsumer information program does not extend to vehicleswhich carry more
than ten occupants.

National Center for Statistics and Analysis™ 400 Seventh St., SW., Washington, D.C. 20590
Vehicle Research and Test Center © P.O. Box B-37, East Liberty, OH 43319
4




Table3: Measured Vehiclelnertial Parameters

Center of Gravity Moments of Inertia (ft-1b-sec”2)
Height i

Vehicle (in) Roll Pitch Yaw

@LLW @GVW | @LLW @GVW @LLW @GVW @LLW @GVW
1998 Dodge 255 26.4 603 704 2410 3,128 2,588 3,292
Caravan
1998 Ford 30.1 315 939 1,046 4848 | 5,617 4,987 5731
E150 Club
Wagon
2000 Ford 31.9 35.9 1,078 1,393 6,709 9,410 6,901 9,531
E350 XLT
Super Duty

Table4: Lightly and Fully Loaded Static Stability Factorsfor the Three Vehicles

Static Stability Factor

Vehicle @LLW @GVW Per cent Change
1998 Dodge Caravan 1.24 1.20 -3%
1998 Ford E150 Club Wagon 1.16 1.11 -5%
2000 Ford E350 XLT Super Duty 1.07 0.95 -11%

4. Handling Characteristics of Loaded and Unloaded Fifteen-Passenger Vans

The preceding section discusses the rollover propensty of lightly and heavily loaded passengers vans.

Loading the vehiclesto GVW has an adverse affect on the rollover propensity dueto theincreasein center-
of-gravity height. Loading the vans with passengers and cargo adso moves the center of gravity rearward,
increasing the vertica load on therear tires. Table 5 contains vauesfor longitudina distance from the front
axle to the center of gravity, a, and for percent weight on the rear axle.

Vauesfor dl threevehiclesmeasured at LLW and GVW areprovidedin Table5. Inthe case of thefifteen
passenger van, thelongitudina center of gravity movesnearly 18 inchestowardsthe rear of the vehidewhen
itisloaded to GVW. At GVW, thefifteen-passenger van hasover 65 percent of itsweight ontherear axle.
The severt passenger van and minivan measured have just over 50 percent of their weight on their rear axles

a GVW.
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Table5: Longitudinal Center-of-Gravity Location and Percent Weight on Rear Axle

@LLw @GVW
. Wheelbase ar % Weight ar % Weight
Vehicle (in) (i) |Rear Axle |(in) |Rear Axle
1998 Dodge Caravan 1136 468  |412% 591 |520%
1998 Ford E150 Club Wagon 1380 621 |450% 709 |5L4%
2000 Ford E350 XLT Super Duty 1382 24 |524% 03 | 653%

*a Longitudina distance from front axle to vehicle center of gravity

To show the effects of occupant loading on the handling of fifteen passenger vans, computer smulation runs
were performed at the driver-only (LLW) and fifteen-occupant plus smulated luggege (GVW) load
conditions usng the vehicle dynamics amulaion Vehicle Dynamics Andyss, NontLinear (VDANL). The
messured vaues for center-of-gravity location and inertia properties were used in the smuldion vehicle
models. However, the suspension and tire parameters used to represent the fifteen- passenger van were not
directly measured; rather they were based on existing parametric data, to roughly represent those of afifteen
passenger van. As such, the smulation results presented here are not provided to represent the actua
behavior of a specific fifteen passenger van. Nonetheless, the results are presented to show the effects of
loading the vehicleto GVW.

The firs maneuver amulated isadowly increasing steer maneuver using a steering rate of five degrees per
second and acongtant vehicle speed of 30 mph. Thismaneuver isuseful for determining the understeer and
load transfer characteristics of a vehicle. Figures 1 through 4 contain smulation results from the dowly
increasing steer maneuver for both the LLW and GVW conditions.
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Figure3: Percent Front Lateral Load Transfer
30 mph Slowly Increasing Steer Maneuver

Figure 1 contains plots of lateral acceleration versus steering whed angle, while Figure 2 contains plots of
understeer gradient (SAE Undergteer Gradient). At GVW thesmulated vehicle exhibitsatrangtion towards
oversteer above 0.4 g. laterd acceleration, while the LLW vehicle exhibits limit understeer.

The fact that a heavily laden vehicle s understeer characteristics are smilar to itslightly loaded condition at
low laterd accderations but different at higher lateral accelerations is a topic of concern. This sort of
trangtion is known to cause safety problems, particularly for drivers who normdly only drive smdler
passenger vehices and who are therefore unfamiliar with aloaded fifteenpassenger van' s responsiveness
and limits
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Figure4: Lateral Acceleration VersusRoll Angle
30 mph Slowly Increasing Steer M aneuver

The smulated vehicle is modeled to have 60% of its overdl roll siffness on the front suspension. Figure 3
showsthe percent front laterd load transfer. The GVW vehicle haslessload trandfer a thefront axle. This
isbecausethe center of gravity ismore rearward than the LLW condition. Thereductionsinthefront laterd
load transfer and percent weight on the front axle, result in the smulated vehicle becoming oversteer at large
lateral accdlerations.

Figure 4 shows laterd accderation versus roll angle. The roll gradient (roll angle per g. d laterd
accderdion) is consderably greater for the GVW condition because the vehicle center of gravity ishigher.
The smulation predicted arollover for the GVW vehicle,

The following presentation of Smulation predictions during a reverse steer maneuver will be used to further
explain the mechanisms leading up to arollover event.

Figure 5 shows the steering input and lateral acceleration responses for a smulated 30 mph reverse steer
maneuver (a maneuver in which the steering whed is firg turned to the right and then turned to the I eft).
Figure 6 showstheroll angle and roll rate responses, and Figure 7 the vehicle side-dip angle (beta) and yaw
rateresponses. Thesmulated LLW vehicle remains stable throughout thismaneuver whilethe GVW vehde
rolls over. The rollover is preceded by high sde-dip angle, indicating a reduction in rear axle cornering
capability. After crossing zero gpproximately 3.0 seconds into this maneuver, the sde-dip anglerapidly
increases to 20 degrees by 5.0 seconds. The absolute vaue of the yaw rae is large throughout thistime
period, indicating that the vehideisspinning out. Thevehicle continueswith ever increasing Sde-dip until the
point of imminent rollover; which starts near 4.5 seconds when both the roll angle and rall rate begin to
increase Sgnificantly.
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Figure5: Steering Input and Lateral Acceleration
30 mph Reverse Steer Maneuver
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Figure6: Roll Angleand Roll Rate
30 mph Reverse Steer Maneuver

Figures 8 and 9 contain phase plane plots of roll angle versusrall rate and Sde-dip angle versusyaw réte,
repectively. Both figures show stable, convergent responses for the LLW vehicle; and ingtabilities for the
GVW vehicle a the points where the curves diverge.
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These examples show that the smulated GV W fifteen passenger van exhibits both laterd and roll ingabilities
under extreme maneuvers. Thefactsthat the center of gravity ishigher and further rearward both contribute
to the laterd ingtability. Therall ingtability results from the factsthat the GVW vehicle spins out and that the
center of gravity is higher. Note that these ingtabilities are probably not unique to fifteen-passenger vans,
other vehicles with high payload to empty weight ratios may well have smilar ingabilities.

As mentioned, these smulation results do not represent the response of any specific fifteen-passenger van.
These predictions, which do not rely on the measured suspension and tire properties of an actua fifteen
passenger, are presented to il lustrate the effects of loading thevehicletoitsGVW. Actud vehidesarelikely
to have different sugpension and tire properties than those used in these smulation models. Also, some
vehiclesrely onusing higher rear tire pressuresto maintain gppropriate handling responses at limit conditions.

Nonethdless, the results presented do illugtrate potential handling problems that may occur for a heavily
loaded fifteen passenger van. Theessentid messageisthat the handling of this vehicle changesbetweenthe
two loading conditions during extreme maneuversand that afully-loaded vanisinherently lessstablethan an
unloaded one.

5. Conclusons

Anadysesof crash databases and measurement of rollover propendty metricsindicate that fifteen passenger
vans might be more likely to rall over when fully loaded with occupants than when lightly loaded. For al
occupant loadings, fifteen-passenger vanshave an overal rollover ratio comparableto that of dl light trucks
andvans(LTVs). Andyssconsdering the number of occupantsin the vehicle showed thet fifteen pessanger
vanswith ten or more occupants had three timesthe rollover ratio than those with fewer than ten occupants.
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All three sizesof vansfor which rollover propensity metricswere measured during NHTSA=sfidd tesshed
an increase in rollover propensity, measured using SSF, from the driver-only loading condition to the 15-
occupant loading condition. However, the effects of occupant loading were grester for the fifteen passenger
van than for the seven-passenger van or the minivan. In measuring the inertid parameters of afully loaded
fifteen-passenger van versus alightly loaded van, the decrease in stability under the fully-loaded condition
correlates to an increase in the rollover risk of approximately 40 percent. Also, sudden vehicle maneuvers
could increasethe propendty to roll over. Computer smulation predictionsillustrated the adverse affectsthat
fully loading afifteen passenger van can have on its handling properties (sudden trangition from understeer to
oversteer) and rollover propengty.

For additional copies of this research note, please call (202) 366-4198 or fax request to (202) 366-
3189. For questions regarding the data reported in this research note, please call Rajesh
Subramanian (202) 366-5371 of the National Center for Satisticsand Analysisor Riley Garrott (937)
666-4511 of the Vehicle Research & Test Center. Thisresearch note and other general information
on highway traffic safety may be accessed by Internet usersat http://mmw.nhtsa.dot.gov/people/ncsa.
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