Utility Vehicle
Rollover Cases

Understanding the Defect

R. Ben Hogan, III

he Narional Highway Traf-

fic Safery Admunustration

(NHTSA) is again consider

ing a Federal Motor Vihicle
Safety Standard (FMVSS) assoniated with
mllowers of unikiry vehicles, pickup macks,
vans, and ars.! Citing static-
tics that mﬂ ﬁuhmﬁ utility
vehicles and pickup trucks have nsn
more than 29 pervent since the mid-
19805, WHTSA aded for comment from
the public and from motor vehacle man-
ufacturers on several proposed rollover
standards,

Why the necd fur rgulation? The pros-
ent draxetroa trend in millover accidentc
it that the automotive industry
“m“n{e design in order to win
an increascd share of the unlity wehicle
market.

Rack in rhe Roaring Twenries, steering
a car around a £ comer sometimes
resulted in overturn. By 1941, however,
a General Motors engineer could brag
that ““there has been consatent mnprve-
ment frnm year to year [in stabiliry] "
In 1961, the same engneer—now assis-
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tane directew of the General Motors Prow-
Grounds—wrote, *“The relative sta-
y of the current cars has been achseved
largely by virtue of bow center of graviry
hegln ***

Several srudies dunng rhe 1970k noted
that passenger care generally do not tum
over on Hat surfaces —even with extra-
ordinary steering and braking mancu-
vers.! NHTSA was sulliccntly vonfident
nf the ahiliry of manufacrurers o avnid
rollover on flat surfaces that it incorpo-
rated “‘overtuming immunity™’ in its ex-
penmental safety vehicle (ESY) program.
This stanwdand stated, **To denmonstrate
mverruming immuniry, the vehicle car-
rying 3 minimum load shall not overtum
under any combinanons of braking andor
stecnng at any velocity on a level paved
trmk.*

Complying with the ESV, several auto
companics developed rollover immunity
tests. The ]-tum, rnrq;lrully devel
% 3 Mancuver to test ores,® was by
Vollswagen, Volkswagen defined the )-
rurm as a 1R steenng whoel in-
put, apphed at no less than degrees
per second while the vehicle was travel-
ing at spceds of 30, 50, and 70 miles
per o (mph).”

Ford Motor Company used a roverse-
steer maneuver conducted ag an un-
manned teet. The test vehicle wat towed
down a guide rail, which forced it into
a standardized beft tum: when released

frm the rail, the front wheeks were quick-
ly turned right by a hydraulic steering
me‘llEpmc:dmtwwmdnt
progressively higher spocds until a one-
G latcral acocleration was reached in the
left rumn or until the vehicle spun out
or rolled over.®

In 1973, NHTSA, looking at the ESV
mw.mw

o pusscnger cas.® Many auto
nies conceded rhe safety value of stabili-

ty, but they opposed the new standard

as unnecessary. Typecal was Ford Motor

Company’'s statement in August 1973:
IWMMM"W“H
all manner of *anslalled " drver atua

o that procipstate wald, mo
tnﬂtd ﬁmm

senger cars are designed to “forgve”
o, m the extreme, 1o “shide out* rther
than moll over on fat, level pavernent.
Market forces since the carly 1970
have changed matters. In 1970, Amen-
can Motors Corporation (now
into Chryser) purchased Kaner Jecp
[ong he eep 1.5 et
ing the -8,
was augmented by 1976 by the C]-7
model, which had 2 10-inch-bonger wheel-
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Other companics competed in thas
ket Volkswagen resunected its Kubcl-
wagrn from Werld War 11 and began scll-
ing it in the United States as the “Thing™
(Type 181). *“Things"" were not marketed
e civilians in Germany or elsewherc in
Furupe. Volkswagen buwilt & plant in
Mevico thar disrnbured primanly  the
L% market. Lther *“mult-puirpose’ or
“uniliry ™ vehicles marketed dunng the
19708 were the Ford Brongo, Chevrolet
Blazer, Inwernatimial Scout, Toyota Land-
cruiser, Jeep Chemkee, and Dodge Bam-
charger. None had to comply wirh pas-
senger motor vehicle mabery standards
because the defininon of a passenger auto
miolnle at 49 C F R, §.'~2?-+ L'.l.';.rTI-PILiJ.
mlri-prepose vehicles and trucks

By 1979, the Insurance Institute for
Highway Safety had noticed increased
rollover acadent rares of unlity vehicles
arnd sponsored a study by the Tlighway
Safety Research Instiouee, It noned that
utility vehicles “cxponicnde f dlrwer arf
a rate that s ar least five nmes higher

than rhat expericnced by the aver
age passenget i The sdme aepwat
noted that some vehicles fared wone

than others, l1he Jocp aned pre-197R

Bronco overturned more than mwice as
oftcn as the Blazcr,

The report also noted thar on-road
millower accidenrs appeared m be direct-
Iy related to inherent stability deficien-
cies in uality vehicles. The higher center
of gravity combined with relatively nar
row track widid and very aggressive (high
rractinin) rires mesulred in vehickes rodling
over rather than skidding to a stog dur-
ing sharp tums oF eMErgency mancuvers.
Rollover acadentas, morcover, were very
Dl 1-risk accidents R serious njury and
drarh

In December 1980; the CES program
60 Marwter broadeast 3 cegment enpaz-
ing the Jeep C]-5 and ating this report
Thic puldivity vaused 2 temporary nosc
dive in Jeep sales bur did not appear o
affect the vulity-vehicle marker overall
Sales climbed throughout the 1980 and
into the 19905, becoming an important
sepinetit of an vitherwise depressed auto-
mohile sales market. Toyora emered the
competition with 1ts 4-Runner, Sizakn
with itz Samura; bord with the Bronco
1T and later the Explorer; General Motors
with the 5-10 Bazcr, MNissan with the
Parhfinder; and Isuzu with the Thoope
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All these vehicles have mllover dearh
rates much higher than passenger care. '

Interestingly, the Jeep Wagoneer se-
nes (which dates lrom 1962), the Jecp
Cherokee senes (which dares from the
19705y, and the Jeep Wrangler series
{which replaced the Jeep C] line in 1986)
have rollover death rates essennally equiv
alent 1o passciger s,

Why do some uriliry vehidles appea
to be relatvely safe? Starisrical srudies
show that the differcnoes are not explained
by driver population, type of use, or
emvironmental fctors. The answer is
|1h:ﬁiu't

The Physics of Overturn

Understanding why a vehicle will roll
ever rather than skid to a stop on a flat
surface requires some knuwledge of phys-
ics, A measure of the likelihood of a
vehicle to overturn i dermved by the
mathemancal formula T/2H, where |
s the vehicke’s track wadth (measured
ade o side between the center of the
tires) and H is the height of the center
of graviry

In its current ruke 11\;|ku1t: AN

iment, NITTSA has acknowledged the
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statistical relationship berween T/2H
and both the number of nollover acd-
denrs and the incdence of mllover Bl
s, On the other hand, NHTSA re-
jected using the stability mtio by sl
as an ipdicaror of defeet “because the
ageney devermimed that establishing a
minimum stability factor value would
nerther adeguately encompass the canses
of veluele rollover nor satsbactonly
amelioraw the problem.™"?

Morc than 30 years ago, KA. Stoncy
reported thar cxperiments conducred ac
Lreneral Morors—dragging cars siceways
on diffcrent surfaces produced coeth-
vients of fnction averaging, 0.9 for con-
wrete mnd fronn 008 10 0.9 e asphalr.™
The Highway Safery Research Instiogw
has since reported, “Generally speaking,
levels of [pavement fnction] up o 1O
can be ubtained through tire cornering,
et o iy paveients. Levels above
LA} require other mechamsms, such as
sdeslipping in soft soil or contact of the
sdeshpping tire with curbs or other
rigid surface imcgularities.’™

A veliule shidug sdeways across an icy
hrdge and reaching dry pavemein will
roll over ifits dynamic instability allows
all of its weight to shift to the ouside
two tircs, Litility vehicles will usually
wll ever wliets ee-fric tion forces {weight
on the tires mulriplied by cocfficient of
faction) reach amund two-thirds of the
value calculated from the 1/2H stabihry
ratior. This happens because of the effect
ul susprension and tives and the higher
center of graviry caused by the high sca-
lescation of the occupants. '

Auto body bean dunng sharp turns
and the “jacking effect’” of certain de-
signis of susprision result in both a nar-
rower rrack widrh and a higher cencer
of gravity under dynamic condirions 17
The number and seated height of pas-
sengers can cause a significant reducnon
it the dynaniv stalalivy of smialler, lght-
cr unlity vehicles.

Imagine a vehicle driving armund in
a circle, going faster and faster. As it de-
velops body lean, the track width tends
to narrow as outside tires are squeczed
roward the center. 1ue o sear heighr,
muost of the weight of the people in rhe
vehicle rests above the cenrer of gravity.
Assuming the vehicle has enough en-
gine power, i will cventually reach s
limir of lateral acceleration and do one
of twir things: skid out to 4 safc stop or
roll over. A vebicle with dynamically sate
design will slide out. A dynamically un
stable one will roll vve.

The design ot the suspension system

wall affect rollover stability. Engincers
fivin twe Tuwd Truck Engineering Office
pointed our in a 965 article that the
twin I-beam suspensinn used on certan
Ford trucks and utihty vehicles, for ex-
ample, ““adds to the inertial overtuming
[likelibirned].*"1¥

Test results ave reveabed dua the *Sjack-
ing efieat™” ean raise the center of graviry
several inches. It can account for why
a Bronco I1, for instance, has worse roll-
ewer characteristics than an 5-10 Blazer,
which has simibar volude dimensions
b a differene suspensainn design, In
Jubhy 19920, B H INA published a techni-
cal assessment paper on the relanonshp

Manufacturers bave
ignaved the growing raie of
rollover accidents, when
remedies as simple as
proper tives conld have
made a dramatic difference.

berwern mollover and vehicle facoors that
ranked the Bronco 11 as the worst of 56
vehicles tested during a two-year evalua-
tion period,'® The same noted
that the Bromwo 1 I.'ll.u:ll.‘.odU t:rmm
rest propased by the Uni i

isee Stane tests, mfm). The leafspring
suspension systemn of the Jeep CJ-5 and
C]-7 also has hazardous rollover charac-
teristivs, perlups because it allows 4 high
angle of body lean.

One a to reducing the rollover
tendency in urility vehicles and Eﬂup
trucks with narrow track widths and
high centers of gravity has been o stf-
fen rhe suspension system, This works
to an extent. An unstable vehicle capa-
ble of 10 degrees of lean will over-
turn at slower speeds onc whose
suspeiision systein allows only 5 degrees
of hedy lean in sharp rurns.

There 15 2 5a trade-off, however,
because body lean warns the dnver of
impending rollover. If the design allows
relatively livde body lean, drivers arc
given a false sense of security in a hard
turn, unnl they suddenly finds them-
selves upside down

Wheelbase and Tires

For a vehicle to overrum on flat sur-
faces, 1t has to develop high laceral forces
The traction or fnction d be-
rwien the mad surface and the tires mist
b sufficient to overcome the forve avail-

able to resist overtum, A short wheel-
basc favors overturn,

The Teep CI-5 and C]-7 had similas
Ti2H hetore 1982, Acodent dara, how-
ever, show thar the 10-inchshorter CJ-5
had a h redlover death rate than the
7 shorter ] 5 rurns in a shorter
tavding and builds up lateral forces more
quickly. Vehides with sl wlheclbases
like the Jeep -5 (R3.5 inches from
tront axle to back axle), C]-7 (935
inches), Bronco 11 {94 inches), Volks-
wagen Thing (94 inches), pre-1978
Bronco (92 inches), and Suzubl Sannaa
(A0 e hesy yaw sideways more casily
than a passenger car would. Therefore,
they are more likely to develop the later-
al furces nevessary to causc overturn dur-
INE CINCIEETLY MaIuves,

In a 1990 SAF paper, lan Jones of
Forenmc ‘lechnologes International and
Maria Penny of Resource Planning Cor-
poration wrotc, **Rollover increases as
this [rrack width 1o wleclbase] cagio in-
CTEASeS vehicles -that are shom in
length relative to their width have high-
er rollover odds”'# NHTSA has also
found ““significant correlations between
rollover acadent inwvalvement rates and
vehicle wheelbase”'2 WHTSA's recent
announcement of rule-making stated —

Soveral pussilile explanations have been
put furth w explain this wheclbase-
we-rllowver woident unvelvernent cor-
relation, For cxample, the elanonship
might be due wr acomelation of wheck
Drase witl vehicke pre-crash stabiliey,
pre-vrasl condition andfer skid type
menixoed above, In other wonds,
wheelbase might be acting as a sur-
rugane for velide stabiliry characteris-
ties., aiind antually the comclation that
results i between wheelbase and ve-
hicke Wms of stability preceding the
rulloser, 4

Some tires are capable of developing
more traction than others, Almost all
tires have more traction when half wom
than they had when new. Auto manu-
farturers are well aware of this.* .

Ar American Motors Corpomtion,
engineer Jim Thomton tested the Jecp
CI-5 and CJ-7 in J-rums and avoidance
niancuvers using a varicty of tires. AMC
found thar the C] could roll over aL
specds as low s 18 mph, or skid not ar

ds as high as 40 mph, ndi
gﬁhc mh?nd brand gfhumdﬂg

Nevertheless, AMC continued mar-
keting rhe Jeep €] vehicle with rires that
would develop lateral forces (rracriom)
sufficient to cause rollover at 25 mph
on flat pavement.
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the version proposed by NH [8A, the

vohacle

is plavcd vn Lhe tabde with the tes
ot vne side against 2 low curb. The
side o e walde on the far side from
tie vl i then showty liftcd while the
mll angle of the @ble 1 measured.
Thie ilt-uabsde aregle is the platform roll
amgle at wlich both tires fiese lift off
of the wable on the high side. The
proisnr o whieol Lt is devermined using
4 wonrad switdh o derect when the
wihicels bowe comitact with the platkem. ™

SHTSA has found a coreelation be-
rween tilt-tahle resulrs and rollover ac-
cadent eares. In July 1991, it published
the results of some w:u‘n%l:: had done
on a number of vehicles. following
wchicles il st reacds 40 degrees of angle
before the upper rires Iost conact witls
the table: IVEY Aerostar (39), 1981 Jeep
CJ-7 (39.5), 1985 E-150 Club (39.2),
1987 Vanagon (39.7), 1981 Jeep CJ &
(39.2), 1983 5-10 Blazer {39.5), and
1985 Bronen TT {39.5).% 5

The side-pull rario, based on a rest ae-

veloped by General Motors, is defined’

R HIET A m

the uﬁu&:t the lateral force acting |
through the vertical of [center of
ity]r:;.lhdmli.ﬁil mﬂ
hiche weight. The test is performed us-
ing wide straps and, in some cases,
chains, 1o 4 the pull force 1o the
vehide - Extreme care needs to
b raken ro ensure that the pull force
vector pastes through the vehicle ver-
wical eg ar all times, the force s man.
rn izontally t the ground, and
adjustments to the ing mech-
aniam are made a5 the vehicle rolls on
i3 suspenabon and defleces laterally and
vertically, causing the vertical and hes-
izontal location of the g to change. 1

Data obrained from rhe side-pull tesc
are useful. The rano obtained is directly
rclated o the fuction cocfficient of the
road suunfine iecessary o cause vehicke roll-
wer. Thus, if the ratio s below e 1.0
coefficient found in many road surfices,
rollover dangers may be inherent in the
vehide. 'I‘I'n-.ido-pu{l test more fally in-
vilves e hiction and suspension char-
acreristics than the tilr-table test.

NHTSA has also found a direct cor-
relation between side-pull results and
rallover acadent rares, although the re-
latiunship is not as high as that of the
static-stahility formuli. Oune Jiffercnee
mught be that the resr methndology for
the side-pull test has not to date required
that the vehicle be fully loaded, Unhey

vehicles have their wonst rollover char -
tenstics when fully loaded becanse of
the high seating posiions tor passengers.

As many of the authors ared in this
article agree, once a vehicke's staric-
stabiliry rario falls below 1:2, it D a sta-
tistically significant risk of rllover. The
mmpnn}ring rable indicares the addi-
tional track wadth that would be needed
Ly a wide mnge of current vehicles o
reach a T/2H of 1:2.

The fact that vehicles wirh sraric-so-
bility mtios above 1:2 have similar moll-
ower records confirms that there is a base-
line minirmum for safc design, NHTSAs
current tle-mble proposal appears 1o

foa o]
Onee m vebicle’s static-
stalrlity ratio falls below
1:2, it bas a bigher risk of
- rollover wecident.
| TR
gecognize the validiry of the saability
“F3tio analysis, despite NHTSA’s formal
vjection of s petiton to seca minimum
sstability foronala. : H
= o néw rechnokogy is ieoded for manu-

ey .+ facuurers o design stable urility vehides.

A 1962 Jeep Wagonecr had the same

 stability as & passenger car. For years, it

has been feasible to rest any wolity ve-
hicle, van, or pickup uuck with tech-

nigqies nsed to judge **rollover immuni-

fy"" in the ESV program of the early
1970s. Manufacturers have ignored the
growing rarc of rollover acc when
remedies as simple a> using the right
tires could have made the difference.
NHISAs late attention to rollover
safcty should be welcomed. A stability
ratie of 1;2, a tilt-table result of at least
45 degrees (Juaded), or a side-pull ratio
ahove 1-0 would all be reasonable muni-
mums for urlity vehicle stabilirg. -
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San Francisco VDT Law
Overturned; Appeal
Filed
A San Francisco superior court ju
overturned what Wbd.lﬂﬂg:d
to be the nation’s strictest regulation
of video display terminal (VDT) work-
stations. The ordinance had mqmmd
businesses with 15 ormore em I
ees to equip workstations wit
justable chairs, proper lighting, and
terminals with anu-glare screens. (See
San Fmncisco Requives VDT Worksta-
tion Lipgpmdes and Breaks for Workers,
TRIAL, Mar. 1991, at 91.)

Judge Lucy McCabe issued an oral
ruling declaring that the ordinance
was preempred by smre law. Sectivn
142 3 of the California Code gives
sole authority for health and safety
regulation to the state’s Occupational
Safety and Health Standards Board,
she held. (C & T Manqgement Servs.
Inc. v. Crty of San Francizo, No. 936661
(Cal., San Francisco Cty. Super. Cr.
1992)))

The decision may prompt local gov-
emments around the county to think
twice before passing VIIT laws, said
ﬂmnnﬁ"s a Jeff "lanenbaum.

€ represents C T Management
Services, Inc., a data processing and
acmunung company.

Elaine Warren, a depury San Fran-
CI5C0 Q1 ':tmnw?',mdmtur}'hu
appealed the decision. She contended
that §142.3 was designed 1o protect
workers and does not preclude local
regulation. m
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