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The purpose of this study was to investigate the on-road crash experience, safety, and stability
of utility vehicles. Selezted for study among the off-road, multi-purpose passenger vehicles were
the JEEP, Blazer, Bronco (pre-1978) Jimmy, Ramcharger, Trail Duster, Scout, LandCruiser,
and Thing.

Data studied included more than 12,000 fatal and non-fatal utility vehicle crashes in the
states of Arnzona, Colorado, Maryland, Michigan, New York, New Mexico, North Carolina.
Texas, and Washington. Also, FARS data, R. L. Polk & Company vehicie registration dara. and
data from Collision Performancs and Injury Report (CPIR) files were examincd. Sciecied
vehicles werz subjected to physical measurement of the height of the cznter af gravity.
Applicability of Federal Motor Vehicle Safety Standards was reviewed.

Major conclusions are that: utility vehicles experience a rollover rate § to 11%4 times higher
than passenger cars: the JEEP and pre-1978 Bronco overturn at least twice as often as Blazer:
rollover and ejection in open-cab vehicles appear 1o be major fatal injury factors: death and
mjuryrates are about twice as high in JEEPS as in Blazers.

The swudy findings raise serious questions concemning the safety and stability of these
vehicles. which are exempted from or not coversd by several of the Federal Motor Vehicle
Safety Siandards required for passenger cars. Complete technical documentation is presented in
the HSRI repert number UM-HSRI-80-14—On-Road Crash Experience of Urility Vehicles
from which this overview was excarpted.
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"~ An Overview of the

ON-ROAD CRASH EXPERIENCE OF UTILITY VEHICLES™

ackground

The objectives of this study were to describe the
1-road crash experience of the class of vehicles
merally known as utility vehicles, and to describe
e magnitude of injury and fatality problems for
:cupants of these vehicles.

Utility vehicles are defined as multi-purpose pas-
ager vehicles designed for both on-road and off-
;ad use.

Today's four-whesi-drive utilicy vehicles largely
‘alved from the “Jesp” of World War II. Current
hicles commonly have four-whesi drive and (in
‘me models) open, convertible, or detachable roofs.
. comparison with ordinary passenger cars, utlity
hiclas have a higher center of graviry, a stiffer
spension system, often a shorter wheslbase, and
sicaily are capable of both on- and off-road opera-
m. The specific vehicle trypes studied included:
MC JEEP, Kaiser and Willys Je=p, Ford Bronco
re-1978), International Scout, and Toyota Land
ruiser—<lassified as the “smaller” vehicles; Chev-
let Blazer, GMC Jimmy, Plymouth Trail Duster,
.d Dodge Ramcharger—classified as the “larger”
hicles.

Indications of the seriousness of the utility vehicle
cident probfem have besn reported by the U.S.
my. They found that 66 percent of the 1,102
151 Jesp crashes occurring between July 1974
d July 1976 were roilovers. Unstable handling
aracteristics of the M 151 caused the U.S5. Depart-
:nt of Transportation in 1971 to refuse to sanction

* Thiz study, On-Road Crash Exrperience of Utility Vehicles
sport No. UM.H5RI-30-14), was conducted by the Highway
ety Research Institute, and sponsored in part by The In-
ance [nstitute for Highway Safety, Washingion, D.C.

The opinions, findings and conclusions expressed in this publi-
on are those of the authors and do not necessarily redect the
w3 of the Insurance Imstitute foe Highway Safety nor the
‘iway Safery Research Instirute.

the sale of military surplus Jezps in a drvcable
condition to the general public.

The military crash experiencs with Jesps, coupled
with a dramatic rise in udlity vehicle popularity
(utility vehicles are estimated to comprse one per-
cznt of all registered vehicies on the road teday)
has raised concsrns about the crash experiencs and
safety aspects of these vehicles used by the civilian
population. This study confirms that serious prob-
lems exist reiative to occupant safety and vehicle
stability in the on-road driving environment

Data Sources and Metﬁods

Primary data sourcss consisted of police-reported
accident data, clinical accident investigation reports.
and vehicle registration data. State files containing
computerized reports of crashes occurmng for se-
lected years betwesn 1975-1978 wers obtained from
Arizona, Marviand, Michigan, New Mexico, New
York, North Carolina, Texas, and Washington. The
Fatal Accident Reporting Systems (FARS)* file for
1977, which contains virmally all U.S. fatal trafic
accidents in that year, was analyzed (about 42,700
fatal accident reports).

Vehicle registration data published by the R. L.
Polk and Company were obtained to estimate the
number of udlity vehicles registered for the years
1975, 1976, and 1977. Those data were used to
determine the utility vehicle population in each
study state as a percentage of all registered pas-
senger vehicles.

Clinical data were obtained through a detailed
review of policz reports and photographic records
of utlity vehicie fatal accidents occurmng in the

® FARS——a fatal accident data coilection system maintained
by the National Center for Statustics and Anaiyuis, National
Higbway Traffic Safety Administration, US. Department of
Transportazion.
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~ lo product liability litigation involving utility vehicle

accidents. Finally, physical measurements were con-
ducted by HSRI on sclected vehicles in order to
‘compare the stability (rollover) thresholds of sclected
utility vehicles to those of passenger cars,

Analyses of State and Natienal
Accident Data Files

To estabiish how frequently utility vehicles were
involved in accidents compared to ordinary pas-
scnger cars and to compare the incidence of death
and severity of injury as a consequencs of utiliry
vehicle accident involvement, the vehicle registration
and on-road accident data for five states (Maryland,
Michigan, North Carolina, Texas. and Washington)
were compared.

In terms of accident involvement, Table | shows
that in five study states, utility vehicles were rcla-
tively less frequently involved in accidents than were
passenger cars. Also shown is the ratio of utility
vehicie regzistrations to passenger car registrations.

TABLE 1
_ UTiLITYy VEHICLE
CRASHES IN RELATION TO PASSENGER
CAR CRASHES: SELECTED STATES

— e r—— e ——— ]
Number Udlity Vehicle Uulity Vehicle
of Crashes 35 2 Regisurauons as

Suate Utility Percens of All a Percent of All
Yehicle Passenger Car  Passenger Car
Crashes Crashes Regntrations
e %
Maryland® - .
(1975-197T 1,336 0.3 .05
Michigan
(1976-1977) 6.599 0.7 1.3
North Carolina® '
{1975-1978) 3,691 0.6 0.9
Texas
(1976-197T) 6,225 0.5 0.8
Washineton .
(19763 1,456 0.9 1.1

* Excludes crashes with pedestrians. pedaicyclists, motorcycies,
and trains in this and in subsequent tables.

These data (Table 1) show that utlity vehicles
in all five states are invoived in proportionately
fewer total crashes than their frequency in the
poptlatdon would suggest; i.e., utliry vehicles are
underrepresented in total crashes, relatve to pas-
senger cars.

e N byt A Ehal

at least onc person was killed. Rates of vchicle
invalvement in fatal crashes are 43.2 per 100.000
recistered  utility vehicles and 30.9 per 100,000
registered passenger cars.

While Table 1 compares the frequency of involve-
ment in ail types of crashes for utility vehicles and
passenger cars, Table 2 shows that utility vehicles
are involved in fatal crashes almost 40 percent more
often than passcnger cars.

_ TABLE 2
FATAL CRASHES AND TOTAL REGISTRATIONS!
UTILITY VEHICLES AND PASSENGER CARS
{ALL STaTES, 1977)

—

Crashes Registrations
Yehicie Type Fa o
Utility Vehicles 1.36 : ) 0.98
Passenger Cars _ 98.64 99.02
Total 100.C0 100.00
Number 315,790 115.238,923

In summary, utility vehicles are less likely than
passenger cars to be inveived in an on-road crash of
any kind, but almost 40 percsnt more likely to be
involved in a crash that results in 2 fatality.

The death rate—ithe likelihood of occupant death
in a crash-involved vehicle—is higher for utiliry
vehicles than passenger cars. On a national basis for
1977, at least one occupant was killed in a utility
vehicle in 31.8 fatal crashes per 100,000 registersd
utility vehicles. The corresponding rate for passenger
cars is 18.5. Therefore, the death rate for utility
vehicle crashes is 71.9 percent higher than the rate
for passenger car crashes.

Comparative death rates for selected states are
shown in Table 3. For each state, the total number

TAELE 3

TrRAFFIC DEATH RaTES (NUMBER KILLED PER
THOUSAND CRASHES): SELECTED STATES

Michigan -\;nshingwn Texas
1976-77 1976 197677
All Occupants
Utility Vehicles 4.7 6.9 6.3
Passenger Cars 2.2 3.0 3.3
Drivers
Udlity Vehicles 2.0 3.4 3.6
Passenger Carx 1.5 2.0 21
Number of Crashes
Utility Vehicles 6,599 1,456 3.649

Passenger Cars 498.240 153331 663.940




~ALOILonNas study dnsings concering lalli injury
r2:°(1) in "both utility vehicles and passenger cars,
raflic death rates in rural crushes are considerably
1gher than are those for urban crashes; (2) regard-
:ss of whether a urbun or rural area, the fotal iraffic
euth rates in utility vehicles are bhigher than are
Je rates in passenger cars; (3) in urban areas, dif-
mrences in driver death rates between utility vehicles
nd passenger cars are negiigible; (4) death rates in
ngle-vehicle crashes for utility vehicles and pas-
mger cars arc higher than for other types of
ashes; (5) death rates in single-vehicle crashes are
igher in utility vehicles than in passenger cars;
1d (6) vtility vehicles are more likely than passenger
1S 1o be involved in single.vehicle crashes.

The rate of serious (disabling) injury is greater in
idlity vehicles than in passenger cars, for both
sivers and passengers, as shown in Table 4.

TABLE 4
NUMBER OF DISABLING INJURJES PER THOUSAND
CRASHES: SELECTED STATES

e —

Michigan Washingion
197677 1976
All Oceupants
dlity Vehicles 61.8 73.9
wsenger Cars 322 . 4.0
Drivers
glity Vehicles 333 40.4
ssenger Cars 17.9 21.8

Some utility vehicle models appear to be safer
an others. The data indicate that the larger utility
hicles have a lower serious injury rate, whereas
e smaller vehicles are associated with the highest
Hous injury rates.

Utiliry vehicles are much more likely than passen-
r cars 1o crash in rural areas. Within rural areas,
lity vehicles crash more often than passenger
T$ when snow or ice is on the road surfacs, when
rkness prevails, or when there is a curve in the
id. : :

Among crashed vehicles, udglity vehicle drivers
: on the average younger than passenger car
vers and more {requently male.

In summary, death rates and serious injury rates
- substandally higher in udlity vehicie _crashes
n in passenger car crashes. In part, these differ-
>zs result from the face that, compared to passen-
- cars, proporticnately more utifity vehicle crashes
- single-vehicle and occur in rural areas.

To examine accident, driver, and vehicle factors
in fatal utility vehicle crashes, the utility vehicle
case ruports and posi-crash photos were obtained
from law enforcement agencies in the states of
Arizona (for 1978), New Mexico {for Aug.-Dec.
1977, and all of 1978), and New York (for 1977).
Factors examined included crash configuration, cab
type, roll-bar presence, seat belt usage, occupant
cjection, and tire ype (whether original equipment,
overwide, oversize, etc.). This review indicated that
rollover and ejection of unrestrained cccupants [re-
quenty occurred in fatal utility vehicle crashes.
Typically, unrestraincd occupants received critical
or faral injuries either through contact with the
vehicle interior or ejection from the vehicle (often
with the vehicle rolling onto them).

Vehicle Rollover

A specific study of rollover accidents was made
using data from the states of Maryland, Michigan,
North Carolipa, Texas, and Washington, to de-
termine if rollover collisions wers a significant
problem.

The ratio of utiliry venicle rollovers 1o passenger
car rollovers ranged from a low of 5.3 10 | (North
Carolina) to 2 high of 11.5 to 1 (Michigan), as
shown in Table 5.

TABLE 5
PERCENT oF CRASHES INVOLVING ROLLOVER:
UTiLrty VEHICLES AND PASSENGER CARS

S————

———

Rollovers
%
Udlity Vehicles  Passencer Cars Ratio
Maryiand 9.7 1.0 9.7
Michigan 12.7 ' 1.1 115
MNarth Carolina 11.7 . 22 5.3
Texas 5.6 0.7 8.0
Washingion 10.1 1.6 6.3

Rollover as a first event was reported in almost
30 percanz of fatal crashes invoiving uulity vehicles.
Obviously, not 2l types of vehicles have the same
overturn rate. Michigan data for 1976, shown in
Table 6, shows the averturn rate for various types
of vehicles.

Analyses of Michigan and Washington state ac-
cident data indicate that the smaller utility vehicles
such as Bronco (pre-1978) and JEEP overturn more
often than the larger udlity vehicies such as Blazer.

RS = % s lied
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MicHican, 1976
ht————— : — S
Percent Overturn Acadenis
™

Venicle Type I

]

All Passenger Cars
Full Size
Intermediate
Compact
Sponts Car
Pick-up or Panel Trucks
Straight Trucks
Utlity Vehicles

All Vehicles

-
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Rollover is substantially more prevalent in single-
vehicle crashes than in other types of crashes, as is
shown in Table 7.

- TABLE 7
PERCENT OF VEHICLES THAT OVERTURNED
IN SINGLE-VEMICLE CRASHES:

SELECTED STATES

- ——— —— —_——————
Narth
Michigan Texas Washington Maryiand Carolins
e % Te % T

Utility

Vehicies 39 41 36 45 37
Passenger

Cars 7 6 12 10 14

Rollover rates for all crashes are substandally
lower than the rates shown for single-vehicie crashes.
This impiies that rollover is coded infrequently in
multiple-vehicle crashes.* Data from selected states
(not reproduced here) confirm this, Compared to
passenger cars, vehicle roliover is Afgh in utility
vehicles, especially in single-vehicle crashes and in
rural areas.

Injury Mechanisms

Occupant ¢jecrion is more likely to occur in udlity
vehicle crashes than in passenger car crashes. For
example, 15 percent of udlity vehicle occupants
were ejected in single-vehicle crashes in Maryland

* A new approsch to coding rollovers was used in the 1973
FARS. Rellover. in the 1978 FARS. is coded regardless of when
the event oczurs during a crash. In 1977, rollover was coded
only if associated with the first harmful event. Using an interim
version {#38) of the 1978 FARS. 181 of 773 (23%) of the
on/off road” vehicies were coded as overturning in the first event
And. an additional 22 percent of the 773 vehicles overturned
subsequent 1o the first harmful event Thus. 43 percen: of the
onlpﬂ road vehicles were coded as overmurning at some point
during the crash. It remains 1o be seen if many states will adopt
the 1578 FARS codes for roilover, Note that the FARS definition
of an on/off road vehicle differs slightly from the definition of
utiity vehicle used in this srudy.

in single.vehicie crashes than in multiple-venicie
crasnes. Totz] driver ejection is much more {requent
in open-topped vchicles, such as the JEEP, than in
most other models of utility vehicles or passenger
cars. _

Litle difference in scat belt usage is noticed be-
tween drivers of utility venicles and passenger cars.
In Washington. 17 percent of the utility vehicle
drivers were reporied to have been wearing seat beits
at the time of the crash, compared with 16 percent
of the passenger car drivers. Seat belt restruint
systems, including some types of single-belt upper-
torso systems, do not prevent occupant flailing, par-
ual ejection, or injury to the unrestrained sxtromilies.
Injuries to upper extremities and the hand have
occurred as a result of open-vehicle ocsupants using
the roll-bar as a grip during vehicle overturn, or as
a result of entrapment of the hand and forearm
betwesn the side of the open vehicie and the ground
dunng roliover.

Rollover Stability Measurements

To establish the lateral acceleration (in g2's). re-
quired to roll over five different models of utility
vehicles, the vehicles were measured for whesibase,
track width, and height of center of gravity. Vehicles
measured included a 1975 Chevrolet Blazer with
fiberglass top, 2 1979 JEEP CJ-5 with canvas tep
and roll-bar, a2 1979 JEEP CJ-7 with canvas top
and roll-par, a 1973 Ford Bronco Ranger with a
stez] top, and a highly modified 1968 Ford Bronco.
For purposes of comparison, the same measurs-
ments wers available for several makes of passenger
cars. The rollover limit of the five utlity vehicles
ranged from 1.01 to 1.21 g, compared to a range
of 1.32 to 1.62 g for passenger cars. In general, the
smaller the stability envelope of a vehicle (whes{base
times track width) the jower its rollover limit. Utility
vehicles with short wheelbases and narrow tracks
can be overtumed solely by the side forcss gencrated
by the tires during unusual maneuvers, whereas
larger utility venicles generally overturn only if they
are tripped by a road surfacs irregularity, curb. or

‘other surfacs texture change.

Product Liability

Accident cases in litigation provided some in-
formation regarding alleged safery defects in utility
vehicles. Rollover resuining in collapse of roil-bars.
and stesring and brake failures have besn the most
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jcral Standards
Many federal standurds that apply to passenger
s do not apply to utility vehicles. Although a
5. General Accounting Office report (July 1378)
s critical of delays in the pramulgation of stan-
ds to improve light truck (including utility vehicle)
=ty, nothing substantial has yet appeared. Of the
standards (hat now apply (0 passcager ¢ars, only
currently apply without excsption to uulity
vicles. These are: FMVSS 205—Glazing Mate-
's; FMVSS 207-——Seating Systems; FMVSS 209
jeat Belt Assemblies; FMVSS 210-—Sear Belt
wembly Anchorages; FMVSS 21 [—Whesl Nuts,
.cs, Hub Caps; FMVSS 213—Child Seating

{Ems.

ijor Conclusions:*

The major conclusions of this study of on-road
ity vehicle crash involvement are:

Crash Involvement

Based upon [977 data for all states, utility
vehicles are involved in fatal crashes almost
40 percant more often than passenger cars. The
proportion of 1977 totai crashes in which at
least one occupant was Kkiiled is 72. percent
higher for utility vehicles than passenger cars
(31.8 utility vehicle fatal crashes per 100,000
registered vehicles vs. 18.5 passenger car fatal
erashes per 100,000 rezistered vehicles).

Udlity vehicles crash in rural areas propordon-
ately mare often than passenger cars, accounting
for about 36 percant of the differencs in overall
death rates berwesn udlity vehicles and passen-
ger cars. Higher average travel spesd, curves,
and ice or snow on the road surfacs have besn
shown to be major factors in the rural environ-
ment that are associated with an increase in
crashes among utility vehicles. o
Udiity vehicle drivers involved in crashes gener-
ally are younger and more often male than their
counterparts in passenger cars, 1he importancs
of these factors in contributing to total crashes
or fatal crashes has not yet bezn ecstablished.

Roilover and Occupant Ejection
As a group, utility vehicles are much more

e —

Reprinted from the Technical Report,

- - -

least five rimes (and up to 11v4 “imes in Mich-
izzn) higher thun that cxperiens =S DY passenger
cars (Maryland, Michigan, » -th Carolina,
Texas. and Washington). Amerz stility vehicles,
some models have a higher rate - rollover than
do others.

Bascd on the height of the cermier of gravity,
utiiity vehicles as a class are mer= likely to over-
turn, and within the utility vericle class those
with a small stability enveiopes (JEEP, Jesp,
pre-1973 Bronco, Scout, Land Cruiser) are
more likely to overturn than those with a larger
stadility envelope {Blazer, Ramcharger, J]mn::y.
Trail Duster). Tne JEEP and the Bronco (pre-
1978) overturn dunng a crash at least twice as
often as the Blazer. Further, among theose
vehicles with the smaller stability envelope, the
tire side forces may be sufficient to initiate the
overturn, whereas utility vehicles with a lareer
siability envelope may require an external tz:ip-
ping force (curh, pothole, etc.).

Driver ejection is more often reported among
JEEPS than other makes of utility vehicles or
passenger cars. Driver ejection is also more often
reported among open- or canvas-top utility vehi-
cles than among rigid-top utility vehicles.
Rollover cccurs in about 30 percent of U.S. fatal
crashes invoiving utility vehicles. In comparison.
rollaver is reported in only six pereznt of U.S.
fatal car ¢rashes. N

Until 1977, rollover was coded in the Fatal
Accident Reporting System (FARS) data (when
it occurred) as the first harmful event, yielding a
rollover rate of 29 percent. In contrast, the 1978
FARS coded rellover as both first and subse-
quent harmful events. This yielded a fatal on-
off-road vehicle overtum rate of 45 percent. In
this study, the mcre conservative (firs: harmful
event) definition was used.

Rollover and ejection of unrestrained occupants
are observed to be primary faciors in fatal
utility vehicle ¢rashes.

Rollover protection (roll-bars, cagas, ete.) par-
ticularly in open vehicles is inadeguate, as the
roll protection frequently collapses or is a2 sourcs
of injury to the occupants.

Occupant ejection is more common in single-
vehicle crashes than multiple-velicle crashes.
Fifteen percant of usility vehicle ¢ zupants were

ki
i
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pussenger cars.
Ejcction from open and canvas-enclosed vehicles

occurred in threec-quarners (757 ) of rthe fatal

crushes butin only two-fifths (407 ) of the rigid-
cab .vehicles in three studv states (Arizona,
Michigan, and Colorado) in 1978.

Rate of fnjury and Death

Traffic death rates und rates of disabling infury
arc higher in unlity vehicles than in passenger
cars, whether considering all occupants or just
drivers. Considering all occupants, both the
death rate and rate of serious injury are about
twice as high in utility vehicles. Additionally,
both death and injury rates are approximately
twice as high in JEEPS as in Blazers.

The likelihood of serious (disabling) injury is
about wwice as great in utility vehicles as in
passenger cars, for all occupants and for drivers.
based on Michigan and Washington data.

The Blazer exhibits the lowest serious injury
rate when compared with Scout Bronco, and
JEEP.

The likelihood of death as a consequences of a
crash (for all occupants) was found to be twice
as high in utlity vehicles as in passenger cars,
based on Michigan, Texas, and Washingion
dara. At least one person was killed in a unlity
vehicle in aimost three-fourths of all fatal crashes
involving a utility vehicle (the remainder killed
were occupants of the other veficles).

Qccupant Protec:ion

A stes] cab enclosure reduces the chancs of
¢jecton and subsequent fatal crushing of the
¢jezted occupant by the vehicie. In all vehicles,
the use of restraines prevents ejecdon, which is
a primary cause of death and injury. Roll-bars
in open. canvas, and fiberglass-type cabs producs
a measure of safery only if the occupant is not
ejected. However. rollbars without sufficient
upper bedy restraint do not offer the occupant
adequate protecton against flailing injury. Roll-
bars themselves can producs injuries.

Little differencs in seqt beit usage is found be-
twesn drivers of utility vehicles and passenger
cars. In Washington, 17 percent of drivers of
utility veficles wore a seat belt at the time of
the crash, compared with 16 percent among the
passenger car drivers.

dards {Numbers 201-219), only six apply to
utility vehicles in their entirety, They are: 205~
Giazing Materials; 207—Seating Systems: 209
—Seat Belt Assemblies; 210—Scat Belt As-
sembly Anchorages: 21 1—Wheel Nuts, Discs,
Hub Caps; 213—Child Seating Systems. In two
standards (201-—Occupant Protection. Interior
Impact; and 212—Windshicld Mounung) multi-
purpose vehicles are cxempted from the safety
requirements. in another (208——COccupant Crash
Protection) there are differences in requirements
between passenger cars and muiti-purpose vehi-
cles. Of particular importance. lap and shoulder
belt restraint are not required (209—Seat Belt
Assemblies).

Post<rash fire for utility vehicles as 2 resuit of
collision is rare and was not found to be a safety
problem,

Recommendations for Improving Ulility
Venicle Safery

A,

B.

C. Manufacturers, dealers,

Federal safety standards that apply to passenger
cars should be extended to utility vehicles. In
particular, restraint systems should be insialled
in all utility vehicles, with the design of 2 par-
ticular system geared to the vehicle style (i.c.:
full hamess in open vehicies).

Performance standards (and perhaps design
standards) should be promuigated for roil
protection equipment—particularly for open
vehicles. .
insurancz companies,
etc., shouid develop and distribute to prospestive
purchasers, drivers, educafors, insureds, etc.,
literature describing the performancs limitations
(handling and stability) of these vehicles for both
on-road and off-road use. Adequate censumer
information can heip alleviate many of the
problems.

Additional research on the behavior of utlity
vehicle drivers should be conducied. We nes=d
1o know o what exient the relatively high rates
of urdlity vehicle fatal and serious-injury acci-
dents are a refiection of how the vehicies are
driven. To answer that qucsnon satisfactorily.
more information is nesd

Additional studies nc—d 10 be undertaken to
examine and link the factors of vehicle design.
cccupant protection. driver, and environmental
factors as they relate t0 the producton of crash-
induced injuries.
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EXECUTIVE SUMMARY

Use of utility vehicles designed for on/off-road use, such as the
Blazer, Bronco, JEEP, Jimmy, Land Cruiser, and Scout, has increased
rapidly over the past few years. The purpose of this study has been to
analyze the available on-road collision experience involving this type
of vehicle to determine the nature, extent, and seriousness of any
problems unique to this category of vehicle, and to provide a basis for

further investigation and/or safety recommendation.

The study involved large-scale accident data analysis, evaluation 'i
of in-depth reports on individual crashes, and the measurement of
physical parameters on some utility vehicles. The data sources included
the Fatal Accident Reporting System (FARS) of the U.S. Department of
Transportation, Collision Perfarmance and Injury Report (CPIR)} file, and
clinical case studies of serious traffic collisions from various
locations in the U.S. Data obtained included reports on about 14,000
utility vehicle accidents occurring in the states of Michigan, New York,

LIt B

Texas, Washington, Arizona, Colorado, Maryland, North Caroiina, and New
Mexico during 1976, 1977, and 1978, From the CPIR in-depth collision

files 93 utility vehicles (out of a total of 7,799 vehicles with 35,132 :
injuries) were analyzed. Supplemental data were added where possible to 3

st

i
the CPIR data relative to roll-bar, cab type, restraints, and vehicle
modi Tications (such as suspension and tires). The original written

records of fatal accident reports from FARS and selected state files
were also reviewed. Using these data the accident characteristics of

utility vehicles were compared to those of passenger automobiles. To
assist in determining the role of handling and stability, since many of
these vehicles have a relatively high center of gravity and.shart | %
wheelbase (as potential contribution to lateral motion instability), E
direct physical analyses of a Chevrolet Blazer, AMC CJ-5 and CJ-7 JEEP,

Ford Bronco, and a modified Ford Bronco were conducted.

Major conclusions of the study are that:

** Utility vehicles experience rollover at a rate that is at least Y
five times higher (and up to 11-1/2 times higher in Michigan) than ' 4
that experienced by the average passenger car. The JEEP and

pre-1978 Bronco overturn at Teast twice as often as the Blazer;

iii




tire side forces alone in vehicles with a small stabi]ity envelope
(such as the JEEP) may be sufficient to initiate overturn.

Roltover and ejection from open-cab vehicles and lack of upper-
torso restraints with rol) bar protection appear to be major injury
factors.

%% Both the death rate and the rate of disabling injury (per accident)

are about twice as high in utility vehicles, and both rates are
approximately twice as high in JEEPS as in Blazers.

Only 6 of 20 Federal Motor Vehicle Safety Standards that apply to
passenger cars also presently apply to utility vehicles without
exception. Utility vehicles, for example, are exempted from the lap and
shoulder belt requirements (FMVSS 208). The study findings indicate
that the stability, crashworthiness, and occupant protection features of
utility vehicles need to be improved.
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TABLE 2.1-1

SUMMARY OF 1,102 U. S. ARMY
JEEP CRASHES REPORTED DURING
FY1974-1976

- ——— - b o — —— = = e e e e . ——— T

. Vehicle Ran -
Year Rollover Off Road Fire | Fatality Injury
------------------ Jr T et
1976 236 129 0 17 159
1975 211 135 0 8 173
1974 278 113 0 17 175
---------- borcmccrr—rrumtmm e e et mr e e m et -
Totals 725 | 337 | 0 I 42 | 507
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(Department of the Army, 26 October 1976)

M71841 (0.5 accidents per million miles) are attributed to subseguent
design changese(Brune,.1979, p. 18-17}.

Not until 1971 did the federal ‘government of ficially recognize the
serious hazards: to occupants of military utility vehicles in crashes.
At that time an NHTSA "position paper" (0Office of 'Defects Management,
1971) disclosed the M151 FY1967-1970 accident record of 7,460 accidents
world-wide involving 138 fatalities. The Army world-wide M-151 fatality
rate was 12.18 {per 100,000,000 miles driven) and the accident 'rate was
0.83egper.100,00pgmiles.drﬁven}.r As a result, the NHTSA refused to
sanction a Department of;the_ﬂnny plan to sell:surplus jeeps to the
general_publiqt(IJHS, 1972; Anon, 1969; Mohbat, 1969).. The Natipnal
Highway Traffic Safety Administration (NHTSA) was pressed by the .
Depaftmentsof,the'Army and. the Defense Supply Agency to:allow sale.of -
the M151 (inc]uding the older models M151Al, M151AC, .and 718, and the
more recent mode1s H151A1 M825, and M718Al1}.. An. estimated 73-,309
veh1c1es were p1anned to be dTSDOSEd of during the next six to ten year,
(1971 1981 per1od) at the Anny g est1mated Ss.livage. va]ue of $300 to :

Approx1mafe1y $55 nu]]aon.was at stake.

However, it  was concluded by the NHTSA Office of Defects
Investigation (ODI} that the Department of Defense had already
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Although similar data for the earlier M38 series vehicle were not
given in the referenced study, based upon a fatality rate (in
100,000,000 miles driven) of 59 for the M38Al in fiscal 1963 (July 1963
- 30 June 1964), the Army had projected 182 fatalities for the period
FY1963 (fiscal year) through FY1967 in the European Theatre. This
compares with 113 actual fatalities for the same period involving the
M151 (U.S. Army Material Command, 1967).

Eight of 14 (57%) fatal U.S. Army MI51 accidents occurring in
Europe during fiscal year 1967 involved rollover. Two were collisions
with subsequent rollover, and six (43%) involved non-collision single-
vehicle rollovers; two of the latter occurred on straight sections of
road and four on curves. The two non-single-vehicle collisions with
rollover both occurred on straight roads (U.S. Army Material Command,
1967).

The M151 jeep was involved in 7,460 accidents world-wide in the
years FY1967 through FY1970, involving 138 fatalities; 2,201 {30%) were
rollover accidents (Department of the Army, 27 November 1970). During
the three-year period FY1974-FY1976 the U.S. Army reported 1,102 M-151
jeep crashes, involving 42 fatalities and 507 injured occupants.
Overall, 66 percent of the total FY1974-FY1976 jeep accidents involved
rollovers. It is significant to note that in none of these 1,102
crashes was post-crash fire reported (Table 2.1-1).

The M151 series jeep accounted for 965 (45%) of the 2151 Department
of the Army rollover crashes occurring between April 1974 and September
18978 (from U.S. Army computer data printouts cited in Brune, 1979). The
basic MI51 military jeep has an overturn rate of 16.1 accidents per
million miles. This is reflected in the warning printed in the M151
operator's Manual stating: WARNING: Extreme care should be used when

driving M151 series vehicles. They have more responsive steering and

acceleration than other vehicles. Watch speed, especially on turns. A

full right or left turn at speeds over 20 mph can cause any vehicle to

g0 out of control and/or turn over (U.S. Army, 1978). It should be noted
that significantly reduced overturn rates in the later M151A1, M151A1C,
M718 (1.8 accidents per million miles), and in the M151A2, M825, and

11




During the 1968 evaluation by the Army of the M561/792 1-1/4 ton utility
vehicle Gamma Goat, seat belts were recommended.

A]though relat1vely 11tt1e dnjury data concern1ng the M151A jeep
are available to provide insight into the specific safety problems with
this vehicle, its problems are considerably better documented than for
the ear1ier MB and M-38 series. The military had frequently reported
problems of rollovers with the MlStito the manufacturer, and single
accident reports began to appear to support this (Huelke, 1968),
including a rollover of an M15] at the Ar1zona Proving Ground which
_1ron1ca11y injured the manufacturer's chlef designer (Muller, 1966).

Impact tests.of the M-151, conducted by the manufacturer, included
inclined-plane sled tests of six. M-151 steering wheels (King, 1966), and
seven ramp rollover tests from 15-45 mph (Saalbrank, 1965}. The
original rol1-bar withstood low-velocity rollovers up to 15 and 20 mph.
A redesigned roll-bar for the production vehicle collapsed in tests at
45 mph, and_euen uhen dummy occupants were fitted with iap belt and
shou]der harness, they leaned outside the rolling vehicle. In a 31-mph
barr1er crash, the lap-belted dummy occupant jackknifed into the sharp
upper edge of the 1nstrument panel (Schafenek 1963). An unpublished
eva]uat1on of the M- 151A1 Jeep crash problems and 1n3ury mechanisms was
conducted by Snyder (1968)

Acc1dent exper1ence for the M151 M151A1 M151A1C and the M718 .
Front L1ne Ambu]ance, for the s1x year per1od 1962 through 1967 for the'
u.s. Army 1n Europe, 1nc1uded 126 deaths (U S. Army Materta] Connand -
1967). From 1963 through 1967 some 4 870 acc1dentc were recorded _
1nvolv1ng the MlSl for that theater of operat1ons alone (935 acc1dents
in 1963 w1th 21 fata11t1es 951 in 1964 with 30 fata]1t1es, 1, 074 in
1865 w1th.23 fata11t1es,'923 in 1966 w1th 14 fata11t1es, and 987 .
acc1dents in 1967 with 15 fata11t1es) The Army acc1dent rate (per
IO0,000‘mTTes dr1ven) in the European Theatre dur1ng the per1od for .ne
M151 vehicle was 1,57, varying from 2.01 (1963) to 1.17-7(1967), compared
to an Army world-wide MIS1 accident rate of 1.44; The fatality rate was
reported ds 26.90 per 100,000,000 miles drTven for Europe, and 20. 94 fdr
the Arfiy world-wide for the MI151 vehitles.” o st
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military jeep injuries until the 1960's (although statistics clearly
indicated that a major problem existed).

A statistical analysis of U.S. Air Force ground vehicle crashes
involving jeeps during 1951 and 1952 indicated that crashes with this
type vehicle comprised eight to nine percent of all crashes involving
USAF military ground vehicles. During 1951, 83% (8%) involved jeep
crashes and in 1952, 727 (9%) involved jeep crashes (Mathewson et al.,
1954). The Air Force reported that over 1,000 airmen per day were
unavailtable for duty (killed or recuperating from injuries) because of
ground vehicle crashes in 1951 and 1952 (Mathewson et al., 1954). In
the U.5. Navy, fatal motor veﬁic]e (including jeeps) crashes were by far
the leading cause of Navy deaths (62.4 per 100,000) leading all other
causes combined, including Viet Nam casualties--until mid-1966
{U.S. Navy, 1967).

The Ford military M151 series includes seven different models of
utitity vehicles. The M151, MI511, and MI51A2 1/4 ton 4x4 utility
trucks are used as general-purpose personnel or cargo carriers. The
basic M151 was further modified in the M151A1C and M785 models, equipped
with a 106mm recoilless rifle on an M79 rifie mount, and the subsequent
M718 and M718A1 vehicles, which were longer, higher, and weighed about
1400 pounds more, and modified as front-line ambulances.

By 1968 the Army had conducted several tests of M151 jeep
components at Aberdeen Proving Grounds, including brakes, windshield, a
deep-dish steering wheel, and new acceleration pedal (personal
communication, 16 September 1968)}. For the conduct of crash and
rollover tests, the Aberdeen Proving Ground issued a Vehicle Collision
and Accident Safety Test Procedure 2-2-621, effective 15 May 1968
(U.S. Army Test and Evaluation Command, 1968), and at least two M15]
stability test studies were completed (Cooke, 1968; Jurrat, 1969).

During that period there was an Army regulation stating that seat
belts will not be used on tactical type vehicles unless equipped with
roll-bars. Making rules for use of seat belts was delegated to the
local commanding officer. But field usage was siow in developing
because field combat requirements differ from those of normal usage.




2.1.,2 ‘Military Accident Experience - ' ?

Injury data ihvolving jeéh accidents have in the past come
primarily from studies of the military vehicles. 1n 1947 an article ' .

appeared in the American Journal of Surgery concerning an analysis of 58
injuries of the hip Joint. A surgeon in the European Theater of
Operations treated these over a period of 18 months (1944-1946) in 20
U.S. Army hospitals. Of these 58 injuries, 40 were incurred in jeep
crashes {Urist, 1947}. It was suggested that all dislocations, and
certain types of fractures of the hip joint, were produced by a forceful

blow on the flexed knee or on the sole of the foot. Force was believed
to be transmitted th yugh the extended knee, whether alone or in
combination with viclent blows against the lower back and the lateral
aspect. of the hip. This early study of a special class of injury,
considered ‘particularly common with regard to the jeep, may be of
current ‘interest, since it was noted that most of these occurred on

ISt R

concrete highways prevalent in Europe, but not found in other
operational -theaters. : S

By 1955 there was still "considerable doubt...as to the relative
hazard of ‘seat belts in'military open-top vehicles, including jeeps, ° .
whether it i< better or worse to be strapped to the seat in'the event of
an accident” (Babione;~1J55). In-order to estimite the possible +

C b B

benefits:with respect to mortality that might accrue if seat belts were
installed in military vehicles; data were collected from Navy and Marine

ST N

Corps vehicle fatal accidents from 1952 to 1954. Rollover occurred in
33 out of ‘38 fatal accidents occurring in connectid with jeeps, weapons
carriers, ‘heavy trucks, and one DUKW (duck}. -It:was concluded that ten
persons-who escaped death in rollover accidents. by being thrown out
“would probably have been killed if.they had been kept ‘in by seat belts”
(Babione, 1955)." However at that time no consideration-was apparently

Es AR

- given to-the potential benefits of use of belts combined with a roll-

bar. It was found that the costs of preventive measures compared to

AR v

savings, both for fatalities and injuries, could not be determined
without more detailed reporting of the causes of trauma in crashes.
Except for isolated studies and accident records by the military, little - 5

attention appears to have been paid to the problems associated with
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(1941); the Ford GPW (1942-1945); and the Willys MA (1941) and MB,
including 277,896 GPW and 361,349 MB models {Vanderveen, 1969). By V-J
day Willys and Ford had reportedly provided a total of 651,068 Jeeps
(Conley, 1978}.

The British Standard 5-cwt5 4x2 car experimentally appearéd as the
British version of the American "Jeep," in 1943. It had 75-inch
wheelbase and 4-cylinder 44 b.h.p. motor, but no front-wheel drive.
Since U.S. Lend-Lease supplied Great Britain with sufficient numbers of
the Ford and Willys Jeeps, no wartime British utility vehicle was
further developed (Vanderveen, 1969). However, in early 1950, the
Austin Motor Co. Ltd., of Birmingham, designed and produced the first
British Jeep (designated FV1801) for the War Office. The initial
production contract was for 15,000 vehicles. It was powered by a Rolls
Royce B.40 MK.2A/4 cylinder engine, developing 69 b.h.p. Wheelbase was
84 inches, weight 3,470 1bs., length 91.5 inches. Overall length
compliance tests included a c.g. fully loaded ("laden") of 27.6 inches
from the ground and 41.5 inches from the front wheels (Blake, 1979).

The M38 series (military counterpart of the CJ-5 and CJ-6) was
produced from 1952 until introduction of the M151 in 1966 (Vanderveen,
1966). By the late 1960's the military had switched from the M-38Al
series of Jeep to the Ford M-151 series. The MI15]1Al military jeep
represents the most recent of a Tong series of utility military
vehicles, which although continually undergoing modification, have the
same basic configuration. As rigidly specified by military procurement,
size and clearance dimensions result in a relatively high center of
gravity and resultant stability characteristics. The addition of
equipment such as plows, gqun mounts, or high loading accentuates
instability conditions. The Ford M151 series has been found to have
stability probTéms which will be discussed in the following section.

5cwt = hundred weight




In the armored forces, the Jeep was first known as the Peep, Quad,
Pygmy, GP, and Midget. During 1940-41 the 1/2-ton Command
Reconnaissance Vehicle (Dodge) was called "Jeep” (Vanderveen, 1974).

The name “Jeep" replaced “Peep" in soldier and test driver terminology.
When riding with a test driver in February, 1941, Katy Hillyer, a
reporter for the Washington Daily News, asked what the vehicle was

called, wrote it up as ¢ "Jeep," and the name apparent!y stuck (Lamm,
1975). Joe Frazer, president of w111ys Overland from 1939 until 1944,
also was credited with coining the word "Jeep" by slurring the initials
G.P. (military designation for General Purpose) (Lamm, 1975). But
Sterns {1941) claims the Ford version of the G.P. was the origin of the
generic term "jeep." Technical background concerning the origin of the
"Jeep" may be found in Sterns (1941), Vanderveen (1969;1974), Lamm
(1975), Conley (1978}, and Wallace (1978). However it originated, the
name "Jeep" has become eynonymous with the four-wheel-drive military
utility vehicle, even if it is often erroneously applied.

The first 1/4-ton 4x4 was produced by Bantam in 1940 (American
Bantam Car Company, 1941), in response to & U.S. Army request for a
vehicle that could carry personnel and Tight cargo and also tow a 3/mm
AT dunuor 1/4-ton two-wheel trailer. Performance requirements -included
climbing a 65 degree grace, carrying an 800 1b. load, towing a 1/Z2-ton
trailer, and driving along a hillside tipped laterally at an angle of 55
degrees} Seventy Bantams were produced In 1ate 1941 w111ys 0ver1and
produced a p1lot mode] Known as quad " Both the Bantam 40 BRC (Bantam
Reconna1ssance Car) and Willys { MA) models were subsequent]y redesigned
and 1'500 of each were'ordered by the Army'for furtner tests, as well as
1,500 of a Ford GP (Genera] Purpose) p11ot mode].

The 45 hp Bantam and 40 hp Ford (tractor engine equlpped) did not
perform as well as:the 60-hp Willys MA. Willys exploited the
1nnovationsucontained in all.three prototypes and developed the .
standardized”mode1 MB. To assure @ second snurce Ford was awarded. o
contract to produce 2 mode] comp]etely 1nterchangeab1e with the MB,
resu]t1ng in the Ford Mode] GPw (Genera1 Purpose W111ys) which went

into mass product1on 1n December 1941 The m111tary Jeep was produced
_in the fonowmg mode]s Amemcan Bantam 40 BRC (1941); the' Ford GP
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2. BACKGROUND

2.1 Utiifty Vehicles: Past, Present, Future

2.1.1 Military Development

Historically, today's four-wheel-drive utility vehicles haye
evolved from the "Jeep" of World War IT. Credit for the origin of the
"Jeep" has been a controversy discussed in numerous publications., A
memorial plaque listing the American Bantam employees responsible marks
the Jeep's "birthplace" in Butler, Pennsylvania. One individual who nay
have been instrumental in its development was Kar] K. Probst, temporary
Chief Engineer for Bantam. He reportedly drew up the first plans
"during a grinding three-day weekend in the deserted, dusty engineering
rooms " (L amm, 1975). Credits for the Jeep's design have been suggested
by Vanderveen as: concept and general layout, U.s. Army; general design
of vehicle and body work, Bantam; front end, Ford; power unit, Willys.
But one could go on and say that the driveline layout was used by
Spijker in 1902, the type of driven front axle was pioneered by Otto
Zachow (FWD) in 1807, and that mechanically the Jeep was a scaled-down
Ford/Marmon Herrington 1/2-ton 4x4 which has been dubbed "granddaddy of
the Jeep" (Vanderveen, 1974).

The name "Jeep" was reportedly used as early as 1914-1918 by Army
mechanics testing new vehicles (Lamm, 1975). A pioneering attempt at

the commanding officer of the Ist Tank Regiment at Fort Meade developed
the "Puddle Jumper," the "first Jeep" (Wallace, 1978). Intended for
following tanks over rough terrain, it was constructed from a 3/4-ton
Ford chassis and motor, and was equipped with bucket seats taken from
the salvage dump. About 1931 a War Department inspector saw these
unauthorized vehicles; and the Infantry School {Tank Section) was
ordered to get rid of them.

In 1936 the comic strip "Popeye" introduced a character called
"Eugene the Jeep," a mythical animal who had magical talents, and this
has also been Suggested as a source for the name “Jeep." In 1937
tractors supplied to the Army by Minneapolis Moline were called "Jeeps. "




(5) Evaluate the effectiveness 6f safety related
utility vehicles, including roll-bars,
interior protection;

equipment in
restraint systems, and

(6} Determine the incidence »f and injury potential existing in
post-crash fires involving utility wvehicles.

The focus of this-étudy has been Vimited to on-road collisions
involving utility vehicles only.
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(2)

(8)

Compare the on-road utility vehicle crash experience, injury
potential, and operator profiles with the same for other
yvehicle types;

Describe the injury mechanisms and injury potential for
occupants of utility vehicles;

Analyze available injury data (fatal and non-fatal) resulting
from utility vehicle accidents;

Describe ejection from utility vehicles during rollover
cellisions and other crashes;

Compare rollover frequency, injury rates, and severity of
injury to utility vehicle occupants and passenger car
occupants;

Describe and compare the accident involvement patterns and
vehicle occupancy patterns of utility vehicles with those of
passenger cars;

Develop a profile of the crash-involved operator of various
vehicle types.

Several secondary objectives were included. These were to:

(1)

(2)

(3)

(4)

Review nationwide utility vehicle and passenger car
registration data and evaluate various geagraphic and
demographic differences;

Physically measure and compare typical utility vehicles for
factors that could influence stability and thus likelihood of
rollover: e.g., wheelbases, track widths, suspension systems,
steering, center of gravity or weight distribution, tire
design;

Review product liability allegations involving utility
vehicles to identify specific problem areas;

Review existing or proposed Federal Safety Standards and their
applicability to utility vehicles;




rollover {as a first event) occurs for about 2 percent of the vehicles

Tnvolved.4

A previous U.S. Army review (1968) found that 36 percent of all
European Theater of Operations military jeep crashes involved rollovers
without collision, suggesting stability and operating problems. Many of
these crashes reportedly resulted in fatal injuries to occupants, even
at relatively low highway speeds (30-45 mph). Thus it is important to
know whether comparable civilian-owned utility vehicles have similar
problems, and, if so, the nature and extent of those problems.

Contrasted to passenger car occupants, utility vehicle occupants
may be subjected to increased injury risk for the following reasons: (1)
the combination of short wheelbase, narrow track width, and high center
of gravity may make them more prone to rollover; (2) lack of
substantial side and roof structure may reduce occupant protection; (3)
interior structure and instrument panels may have sharp, rigid non-
yielding surfaces and projections; ({4) in addition, the off-road usage
of this type of vehicle may also increase occupants' exposure to crash
and rollover involvement.

In view of these considerations, data concerring current utility
vehicle collision and occupant injury experience has been collected and
analyzed to assess these problems, and recommendations have been
developed concerning means of improving occupant safety.

1.2 Scope and Objectives

The purpose of this study was to provide a sy<tematic in-depth
investigation intc the on-road crash experience, injury mechanisms, and
potential hazards to occupants of utility vehicles. Major objectives

were to:

(1) ODescribe the on-road crash experience, including incidence of

rollover, for utility vehicles;

4Based on police-reported accident data from Texas, Washington, and
Michigan.
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1. INTRODUCTION

1.1 Statement of Problem’

The versatility of utility vehicles has considerably increased
their popularity and use in recent years, as available production and
registration figures reveal. For example, between 1975 and 1977, total
utility vehicle registrations increased 35 percent, from 831,058 to
1,125,923. In comparison, passenger car registrations increased during
the same period less than seven percent.

Often popularly identified as "Jeeps," a utility vehicle as defined
in this study is a multi-purpose vehicle usually designed for both on-
road and off-road use. Utility vehicles considered in this study
included various models of the Willys Jeepz, AMC JEEPB, Ford Bronco,
International Scout, Toyota Land Cruiser, Chevrolet Blazer, GMC Jimmy,

Dodge Ramcharger, Plymouth Trail Duster, and Volkswagen Thing.

Some of the smaller utility vehicles have evolved directly from
original military designs. A11 utility vehicles share certain general
characteristics in contrast to conventional vehicles; among these are a
relatively short wheelbase, higher center of gravity, stiffer suspension
systems, and, often, four-wheel drive.

Despite the increased civilian use of these utility vehicles, their
civilian crash experiente has not previously been comprehensively
evaluated. Yet previous studies of similar military vehicles have found
an extremely high incidence of occupant ejection in both collisions and
rollover crashes. Among police-reported crashes in the United States,

1 This study was conducted under standards established by The
University of Michigan Medical Center Committee to Review Grants for
Clinical Research and Investigation Involving Human Beings, and
conformed to guidelines of the Institutional Guide to Department of
Health, Education, and Welfare Policy on Protection of Human Subjects.
The research has been supported mainly by a research grant from the
Insurance Institute for Highway Safety, Washington, D.C.

2 prior to ]963.

3 The word JEEP is the registered trademark of Jeep Corporation,
subsidiary of American Motors Corporation.
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recognized the unsafe handling characteristics of the M151 jeep, and
pointed out that it was Department of Defense policy not to sell an item
if it is considered unsafe for a non-military user. They noted that the
Army had required special training of drivers, including a film to
illustrate the hazards of unsafe handling. They also noted the rollover
propensity of the rear swing axle assembly despite modifications
(M151A2), and the apparent rollover problem, involving & record of 7,460
world-wide M151 jeep accidents {FY67 through FY70) with 138 fatalities.
0f those 7,460 accidents, 2,201, or roughly 30 percent, were rollover
accidents. The full text of this NHTSA position paper is provided in
Appendix A. At present surplus MI51 jeeps must be rendered unusable by
cutting the frame and suspensions before they can be purchased in the
open market. Despite this some have been repaired and are in civilian

use.

2.1.3 Utility Vehicles6 in Domestic Use

Subsequent to World War 11 sales of military equipment popularized
the “Jeep" as a civilian utility vehicle. Post-war civilian models were
produced by Willys (to 1963), Kaiser-Willys (after 1963) and Ford. The
name "Jeep" became a registered trade mark of Willys-Overland in 1945.
In April 1953 the name was changed to Willys Motors Inc., when the
company was taken over by the Henry J. Kaiser Industrial interests. In
March 1963 it became Kaiser Jeep Corporation, until 1970 when the
company became part of the American Motors Corporation (Vanderveen,

p. 62, n.d.).

In June 1945 Willys produced the first civilian Jeeps which were

actually demilitarized MB's. By August, 1945 the first redesigned
 "Yniversal Jeep" model CJ-2A was introduced. The slightly modified
model CJ-3A was produced in 1950, followed by the CJ-3B in 1953. In
1952 the 81 inch wheelbase CJ-5 and 101 inch wheelbase CJ-6 was

6This study purposely excluded certain "ytility vehicles" of limited
production or vehicle design, such as the Willys Jeepster, Chevrolet
Suburban, etc., as not being central to the scope of this study. The
vehicles depicted in figure 2.1.3-1 are representative of, but not
inclusive of, the vehicles included in the study population. Section
2.2 provides a precise definition of the study population.
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introduced which featured a new body design (the mf]itary counterparts
were the M38A1 utility truck and M170 ambulance truck 1/4 ton 4x4).

. American Motors Corporation bought manufacturing rights to the Jeep from

Kaiser Industries in 1970. Following this acquisition, substantial! body
style changes were made in the CJ-5 and CJ-6 with no corresponding
change in model designation. The CJ-7 was introduced in 1976.

Figure 2.1.3-1 shows the utility vehicles in domestic use and
illustrates their years of manufacture and/or sales in the domestic
market. '

Current domestic manufacturers include AMC JEEP, Chevrolet Blazer
(introduced in 1968) nd GMC Jimmy (introduced in 1969), Ford Bronco
(the 92 inch whée]base model was produced from 1965 - 1968, and now
produced in a 104 inch wheélbase), International Scout (introduced in
1961), and Dodge Ramcharger/Plymouth Trail Duster (introduced in 1973).

Foreign competitors include the British Land Rover (1949) and the

VJapanese Toycta Land Cruiser (1970)1 The German Volkswagen "Thing,"
y1ntr0duced 1n 19?3 and 1974 and markedly different in construction, is

also classed as a utility veh1c1e.

2.1.4 Utility Vehicles in Foreign Use
ﬁﬂthough-this_study is- concerned with utility vehicles in use in
the United States, there are a large number-of four-wheel-drive

multipurpose (utility) vehicles in use ‘in other parts of the world.

Leyland Australia's Mini Moke utility vehicle can be cﬁhverted into
a ‘Gran Turismoke ‘through conversion kits marketed through dealers. This

kit (about $2,500-Australian} allows the Moke owner to restyle his
vehicle with fiberglass panels, :suede sheepskin upholstery ‘and carpet,
and twa roll-bars. ‘The Moke, designed in England, is manufactured .in

Australia, and exported worldwide (Automotive News,. May 22, '1978).

An Italian utility vehicle, the Moretti Midimaxi 127, Features

ifront-wheel dr1Ve and uses F1at 127 runn1ng gear: (Automot1ve News March

27, &9?8).. The. Morett1 Jung1a,»w1th ro]] bar, fold- down w1ndsh1e1d and
open: body, has a rear-whee] dr1ve on]y It uses a F1at 126 two*ty11nder
engine, and has 11m1ted off—road capab111ty Another Ital1an ut111ty

14




Figure 2.1.3-1 Utility Vehicles and Years of Manufacture*

UTILITY

VEHICLES VEARS MANUFACTURED  (1940-1980)
40 45 50 55 60 65 70 75 80

JEEP . | } |
BANTAM %‘% -“ T :
hﬂ[} V| 46 3~ |
MC, M38 &50 52 l

MD, M38Al 51 | 72

M151, Al, A2 D= |

Gp’ Gpw 411 |42 45
CJ-2A % R -
CJ-3A Jes %
CJ-3B . @I 52 85

CJ-5 s s A |

CJ-5A
ClJ-6
CJ-7

SCOUT
SCOUT
800
800A
800B
SCOUT Il

VW THING
BRONCO (92" ‘WB)
LAND CRUISER

LAND ROVER 47

BLAZER
JIMMY
RAMCHARGER
TRAILDUSTER

BRONCO (104'|WB)

*Certain foreign vehicles may still be in production
but are no longer for sale in the U.S. 15
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o eng1ne'ﬁ
- UMM~Un1ao'Meta1o Mecanica Cournil, the Italian Soleado, the French

“”QQZJI“S'"Future Utility Vehicles

. x
L

* vehicle,” designed by Ferr1cc1o Cov1n1, is four whee] drlve and features

a turbo-charged diesel engine and symmetr1cal stee] body (Automot1ve
News, May 22, 1978). ™~

In 1979 the Tight weight {71529} Citroen Mehar} front- wheel drive
utility vehicle, produced since May, ‘1968, was modified tg a 4- wheeI-
drive utility vehicle (Automot1ve News, June 25, 1979).

A new Russian utlllty vehicle; the ZAZ 969, is four-whee] ~drive,
132 inches~lang; and’ powered by a 1,196-CC v-4 eng1ne (Automot1ve News,
May 22, 1978);r ) L : - :

Annual market growth of ut1]1ty four whee] drive vehlcles in Europe
currently ranges from 15 to 25 percent per year. An excel?ent rev1ew of
a number of utility vehTCJes worid w1de was provided in Automot1ve News
(November 27, 1978). Other current ut111ty vehicles described include
the Austr1an P1nzgaver by Steyr Da1m1er Puch, British Leyland Land Rover
{s1nce 1948) ‘and Range Rover {since 1970), the Italian Fiat Campagnola,

the, Russ1an ada vaa tha Embo four-wheel-drive wagon with a F1at
the Swedish Volvo Laplander, Rumanian AR0O-244, the Portuguese

Stemat Veltt, Socrety S1npar Renault 4L, and ACL Rodeo 4x4 vehlcles.

The Japanese prodUce axnumber of utility vehicle mode]s nnc]ud1ng
the N1ssan Patirold | &x4 Subaru 4x4, Dathatsy F-20 LV 4x4 Wagon,’ Suzuki

\'—; P

Lalo, Isuzu Un1cab M1tsub1sh1 Jeep-type models (J-3R, J- -20C),  and
Toyota Land Cruiser Hardtop FJ40v. : SEEL

IS— -' A

g Several “new ut111ty vehrc]es are in prOdUCtTOH or p?anned for the

‘future,;and suggest.the d1rection of future des1gns.

- T

ercedes =Benz 1n1t1ated product1on in February, 1979, on a four-

- whee1 drvve utility vehicle. known as-Explorer. Dur1ng its deve1opme t

phese At 1s be1ng marketed as the Mercedes-Benz G-series (G=Gelande, for

ot

Terra1n) Frame ahd body is by Steyr-Daimler-Puch of Austria. - The: 240

3.z

GB 1s powered by a 2.4 Titer four-cylinder diesel eng1ne, and has a.
bu11t 1n rohl—bar Several gaso]1ne and diesel englnes are offered

;"I T | R x
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along with a number of body types (Autoriotive News, November 27, 1978;

Time, December 18, 1978; Automotive News, January 29, 1979).

AMC's 1980 mode! Eagle is the only U.S. manufactured four wheel
drive (4WD) passenger car. Standard equipment is reported to include a
258-cid L-6 engine, three speed automatic transmission, automatic 4WD
system, power steering, power front disc brakes and radial tires. It is
available both in Standard and Limited versions of the two-door and
four-door automobile and four-door station wagon (Auteomotive News,
August 27, 1979; American Eagle, 1979; Lund, 1979). It appears to be
identical to the AMC Concord in design and options, except that the

Eagle is a four-wheel drive version. It is anticipated that the AMC
Spirit of 1981 will also be available in two- and four-wheel drive

madels.

In England the Yak Yeoman, designed and developed by Manchester
Garages (Motorcraft) Ltd. is going into production for export to
developing countries. It has a wheelbase of 109.2 inches and features
an automatic differential lock fitted into the rear axle, instead of
four-wheel-drive (Automotive News, May 7, 1979).

Besides the present Toyota Land Cruiser, the Japanese may market
the Diahatsu Taft Gran, "a four-wheel-drive vehicle that closely

resembles the Jeep,” in the United States in the early 1980's
(Automotive News, March 20, 1978). The Taft Gran has a wheelbase of
79.5 inches. It has a flip-down windshield and integral roll-bar. It

is described as smaller than the Jeep. Daihatsu engineers are reported
to be reducing weight (2,380 1bs) and increasing power output (from the
Toyota Corolla 1,600cc four-cylinder engine to an 1,800cc engine).

An advanced four-wheel-drive vehicle concept by American Motors
indicates the directions utility vehicles may take during the next
decade. The 100-inch wheelbase Jeepster Il design features extensive
use of light-weight materials, soft front and rear panels, a built-in
roll-bar, flat glass folding windshield, and aluminum or fiberglass
detachable doors. Basically envisioned as a two-seat vehicle, the
Jeepster I1 concept would feature two additional removable seats in the
rear cargo areas as required. The roof, of two-piece light-weight
panels, could be stored behind the front bucket seats. Power would be
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from a four-cylinder turbo gasoline or diesel engine, and body size
dimensions would be 160 inches long, 65 inches wide, and 60 inches high
(Automot ive News, January 1, 1979). 1in 1980 the AMC Spirit will have

four-wheel drive, joining the AMC four-wheel drive JEEP and Concord-
based Eagle {Dunne, 1979}.

Described as an "off-road Fiesta,“ Ford Motor Company's Tuareg is
another concept- car whose ideas may be ‘incorporated in production
utility -vehicles of the 1980's {Skwira, 1979).

B8y far the most expensive'uthity vehicle design is the German'§§g
Ranger, designed by Luigi Colani. An all-terrain vehicle, it is much
larger than most--6.7 meters (20 feet) in Iength and 4,000kg (8,800 1bs)
in weight. Equipped for long expeditions, it carries four occuancs in
bucket seats and has a swivel chair mounted on top. To date only one
prototype has been built. The price will be about $385,000.00,
depending upon -equipment (Automotive News, January 15, 1979},

2.2 Study Population

The population of Ufility vehicles considered in the presenfistudy
consists of the.vehicle makes and models listed in Table 2.2-1.

Ut111ty veh1c1es are a sub class of the more: genera] group1ng of
veh1c1es ca11ed mu]t1 pu‘pose passenger VehIC]ES A multi- purpose
passenger veh1c1e is des1gned pr1mar11y to carry passengers but is '
eas11y converted to other non passenger carry1ng uses. Common veh1c1e.
types under th1s c]ass1f1cat1on 1nc1ude truck ‘based station wagons {GM
Suburban, for examp]e), Jeep type7 open veh1c1es (Toyota Land Cruiser,
Willys Jeep, etc. '), some' vans, p1ck up cars, sport recreational
vehicles, etc. : SRRt : o

The ut111ty vehlcles shown 1n Table 2. 2 1 were selected because
they account for approx1mate1y 95 percent of the ut111ty veh1c1es
reg1stered 1n the u. S in recent years '

.-‘__

7 The National Highway Traffic' Safety ‘Administration (NHTSA) defines
“jeep-type vehicle™ as a:'"fourswheel-drive, :general purpose automobile
capable of off- hwghway operation that has a wheelbase not more than 110
inches, and that has a'jeép-type confTQuration (Code “of Federal

Regutatiens,:49. Part-533.4. Revised. October:1, 1977).
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TABLE 2.2-1

STUDY POPULATION
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Chevrolet
Dodge

Ford

GMC

International

AMC

Plymouth

Toyota
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Blazer
Rlazer K10

Ramcharger
Ramcharger

Bronco

Bronco Pick-up
Bronco Wagon
Bronco Roadster

J immy
Jimmy K1500,K1550
K1500

Scout, Scout II
Scout, Scout II

CJ3, CJ3B JEEP
DJ3A JEEP

CJ5, CJ5A JEEP
DJ5S JEEP

CJ6, CJBA JEEP
DJ6 JEEP

CJ7 JEEP

Trail Duster
Trail Duster

Land Cruiser

Type of Drive
(2 or 4 wheel)
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Excluded from this 1ist were some vehicles such as the Jeep

Wagoneer, which appears to be a four-wheel drive version of a truck-
based station wagon, or, as in the case of the Land Rover, Jecpster,
Kaiser and/or Willys, are no longer for sale or in production in the

United States.
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A good example of the problem 1h definfng a utility vehicle is
presented by the 1980 AMC Eagle. Advertised and Marketed as a "four-
wheel drive automobile" in three body styles {two-door and four-door
sedans, and a four-door station wacon version) it is classified by its
manufacturer as a multi-purpose {utility) vehicle (American Eagle sales
brochure, 1979) yet classified as a truck by the government relative to
meeting Federal fuel standards (personal communication, 1979; Automotive
Industries, p. 52, 1979). Similarly the four-wheel-drive Subaru, while
also marketed as a passenger car, is also classified as a multi-purpose
vehicle.

2.3 Utility Vehicle Registration

Data obtained from the National Vehicle Population Profile
(produced by R. L. Polk & Company from national motor vehicle
registration data) show that in 1975 there were 831,058 utility vehicles
and 106,712,551 passenger vehicles registered. This gives a percentage
of utility vehicles to passenger cars of 0.78 percent. In 1976 these
figures were 971,510 utility vehiciés and 109,675,855 passenger
vehicles, for a percentage of 0i89_percenﬁ, and in 1977 1,125,923
utility vehicles and 114,113,000 passenger cars, for a percentage of
0.99 percent.

Utility vehicles are a growing'segment of the motor vehicle
poputation, now accounting for almost one bercent of all vehicles on the
road. From 1976 to 1977 the uti]ify.véhicfe growth was 15.9 percent,
compared to passenger cars' growfh”of 4.1 percent for the same period.
For the two-year period of 1975-1977, utility vehiv.les had a growth of
35.5 percent compared to passenger cars'-rate of 6.9 percent. '

Table 2.3-1 shows the number of utility vehicles by make and
percent of total for each of the three years, 1975, 1976, and 1977.

Production data for the 1978 model year. as provided 'in Ward's "¢ 9
Automotive Yearbook, show that the top three 1978 models were: Blazer
(78,507); JEEP CJ-5, CJ-6, CJ-7 (76,628); and Bronco (69,120). For the

1978 mode year, AMC reported “145,716 JEEPS were sold," and 156,000
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