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Introduction

1 976 marks the tenth anniversary of the Institute
and its mission: to apply the resources of the University to the
task of improving transportation and safety. The current
projects described in this booklet illustrate the various ways
in which HSRI is engaged in creating and disseminating
knowledge essential to the solution of a broad range of
transportation problems.

The Institute has grown appreciably since it was established
in 1966. A decade ago its handful of staff members, located
in scattered facilities, were conducting research involving total
annual expenditures of $68,700. This year HSRI staff and affili-
ated members of the University faculty, supported by specially
designed research facilities, are conducting more than 40
research programsinvolving total annual expenditures of more
than $3.2 million.

In the ten years since the Institute was established, its full-
time researchers and affiliated U-M faculty members have
conducted 344 research programs involving total expendi-
tures of more than $28.2 million. The research findings have
been disseminated in more than 950 journal articles and
reports, in Institute publications, Institute-sponsored con-
ferences and symposia, and through staff participation in
hundreds of other technical conferences.

The Institute has also been contributing to the education
of U/M students. In the past ten years, 27 doctoral students
have conducted the research for their dissertations within
the Institute, and more than 240 graduate students and
235 undergraduate students have gained invaluable working/
learning experience through their employment on Institute
research projects. The students have represented a broad
range of disciplines and cross-disciplinary programs in such
fields as law, medicine, engineering, public health, business,
and the social sciences.



The role the Institute has played in defining transportation
problems and conducting research can be best understood by
considering two basic concepts—the breadth and connected-
ness of various transportation problems, and the responsibil-
ities the University has to itself and to American society. First,
even cursory scrutiny of a “transportation”” problem reveals it
to be a complex mixture of social, economic, political, med-
ical, engineering, and public health problems. Thus no trans-
portation problem or its solution lies solely within the province
of any single academic discipline. This is why the Institute
approaches research problems by considering just what disci-
plinary specialties must be represented if a program team or
task force is to define the problem adequately and design a
program that can produce significant, useful results.

The second point that must be kept in mind is that the
Institute, as an arm of the University, functions as an
independent role player in a national transportation scene
often characterized by spirited dialog between such other
role players as federal and state agencies, the motor vehicle
industry, industrial and commercial associations, the general
public, and the news media. The Institute has no special
interest to defend in pursuing questions of what changes
might be made in driver licensing and revocation policies,
vehicles, roadways, aircraft, FAA regulations, insurance
laws, and so forth. Institute programs in transportation
safety research are designed to establish what elements of
our transportation systems are most dangerous; how much
safer those systems would be if this or that change were
to be made; and, finally, what social, economic, or political
costs would be incurred (and by whom) if a change were
put into effect. That is a service the Institute provides for
all other participants in the transportation scene.

What contributions has the Institute made to the reduction
of transportation safety problems over the past decade? The
Institute is noted as one of the leaders among all research
organizations for developing basic tools and techniques
essential for coping with some very difficult problems in



transportation safety research. Most of these contributions
have been quite technical, but the following brief overview
offers readers a general view of the types of contributions

the Institute has made.

Accident Data. The Institute has pioneered in applying
modern computer technology to the collection, storage,
and analysis of motor vehicle accident data. In the 1960s,
information obtained from accident investigations was
being stored on punched cards and analyzed by slow and
relatively simple keysorting operations. HSRI systems
specialists developed techniques and computer programs
for storing accident data on magnetic tape and conducting
sophisticated multivariate analyses of accident- and injury-
causation mechanisms. The Systems Division has also
developed a set of more than 160 data banks containing
millions of accident cases investigated by police or multi-
disciplinary teams throughout the U.S., designed computer-
analysis programs easily usable by researchers at other
organizations, and, through computer links, has made
the HSRI data banks available to other universities, the
U.S. Department of Transportation, and the major motor
vehicle manufacturers.

In contributing to improvements in the quality of
accident data, HSRI researchers have assessed the strengths
and weaknesses of currently available data and have designed
and recommended a national data collection system that
would ensure collection of precisely representative data
highly valuable for assessing the effects of safety-related
changes in driver behavior, vehicle designs, restraint system
performance, law enforcement policies, and other aspects
of traffic safety.

In work on the problem of alcohol and highway safety,
HSRI researchers have made important contributions in
determining just how much drunk drivers contribute to
accident frequencies, in identifying problem drinking drivers,
and in developing action programs designed to reduce



alcohol-related accidents. They have also developed and
applied techniques for evaluating federal and state counter-
measure programs, including the Alcohol Safety Action
Projects (ASAPs). HSRI researchers designed and conducted
the first nationwide roadside breathtesting survey, and
have established a national computer archive of data from
nearly 100 roadside breathtesting surveys conducted in 27
local ASAP areas throughout the country.

Vehicle Handling and Tire Performance. HSRI researchers in
the Physical Factors Division have made several major
contributions to the art of testing the emergency maneuvering
performance of passenger cars, the dynamic behavior of
trucks and tractor-trailers during braking and steering
maneuvers, and the measurement of tire traction by use
of HSRI-developed over-the-road dynamometers. Through
development and use of computer simulations along with
new test techniques, the group has earned international
recognition for its contributions to assessment of the dynamic
behavior of all forms of commercial vehicles.

In research on roadway problems, the group recently
conducted computer analyses of accident data from the
Ohio and Pennsylvania Turnpikes, and established that
inadequate levels of superelevation on long-radius curves
were causing poor drainage, excessive water depths on
the expressway surfaces, and loss-of-control accidents. The
study findings are a notable instance of the power of computer-
ized data analyses to pinpoint roadway design problems.
The curve and grade combinations at the problem sites
were relatively mild and thus not obviously dangerous.

Protection of Vehicle Occupants. In this area, too,
specialists in the Biosciences Division of HSRI have applied
the computer to some complex analytic problems involving
questions of just what forces act on vehicle occupants
during crashes of various types and severities. The group has
developed two- and three-dimensional computer simulations



of occupant motions, and, in parallel biomechanical experi-
ments, has generated new information concerning the
behavior of the human body when it is subjected to impact
forces. The researchers have used the simulation and impact-
sled data in developing a crash-test dummy that behaves
much more realistically than did the dummies available

to researchers in the 1960s and early 1970s. Dummies possess-
ing lifelike properties of mass distribution, skeletal linkage,
and mechanical response to load are essential for obtaining
crash test data that are valid and reliable, because researchers
concerned with improving occupant restraint systems and
occupant compartments must depend on that information.
The models developed at HSRI are now being used by many
other research organizations in the country.

HSRI bioscientists—anthropologists, antomists, bioengi-
neers—have also been conducting extensive studies in aircraft
crashworthiness and occupant protection, in “whiplash”
injuries and the biomechanics of the human neck, in the
strength of U.S. children, and in comprehensive anthro-
pometric measurements of U.S. infants, children, and adults.
An example of work in that last-mentioned area is a three-
year study jointly conducted with the Pediatrics Department
of the U-M Medical School. This national program obtained
measurements on 41 dimensions of more than 4,000 infants
and children ranging in age from two weeks to 13 years.
This precise information on a representative sample, obtained
with specially designed instruments linked to a portable mini-
computer, is needed by standards writers and designers
concerned with improving the safety of consumer products
used by infants and children—toys, furniture, bicycles,
automotive child-restraint seats, and many other products.

Vehicle Lighting. Specialists in the Human Factors Division
of HSRI have made important contributions to the design of
improved headlighting and rearlighting systems by conducting
laboratory and field experiments that established the
effectiveness of current lighting and signalling systems




and dozens of experimental systems. One program developed
a computer simulation that assesses the visibility and glare
performance of any current U.S. or European headlighting
system as well as any new combination of beams likely to
be adopted in the future. By use of this system, researchers
can forego making costly and time-consuming field experi-
ments, because the computer simulation can predict the
performance of a system once its parameters are supplied
as inputs.

These brief discussions of a few Institute activities illustrate
how HSRI contributions have tended to be on the basic,
developmental end of the applied research spectrum. HSRI
programs have often attacked problems that have had to be
solved before other problems could be successfully
addressed. The descriptions of current HSRI programs in the
next section illustrate how the Institute is continuing that
effort. As for the future, HSRI is developing programs that
represent expansion of its activities in public policy studies
and new activities in the broad area of transportation systems
planning. Those efforts will be employing a multidisciplinary
approach to some complex transportation problems that
call for inputs from specialists in systems engineering,
economics, impact analysis, technology assessment, land use,
energy tradeoffs, and environmental concerns. The programs
in transportation systems research are expected to involve
several components of HSRI, other components of the
University, other academic institutions, industrial organiza-
tions, and federal, state, and local government agencies.
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Clinical Case Studies
of Selected Collisions

Investigators: D. F. Huelke, H. W. Sherman

Sponsor: Motor Vehicle Manufacturers Association

Objective: To establish the mechanisms of traumain motor
vehicle collisions through intensive study of the relationship
of occupant injuries to vehicle components, crash severity,
and restraint system effectiveness.

Significance: The emphasis of this continuing program is on
establishing precisely how and why the injuries occurred and
how they can be prevented or reduced.

Methods: Approximately 130 collisions per year are selected
from Washtenaw County crashes for detailed investigation.
Only crashes with the following characteristics are selected:
The crash has resulted in an injury; the vehicle (a late-model
passenger car, pickup truck, van, recreational vehicle, or large
truck) was manufactured by an MVMA-member company; the
vehicle was towed away from the accident scene; and the ve-
hicles involved can be examined within 48 hours of the col-
lision.

Results: Each clinical case is documented with the Collision
Performance and Injury Report long form; a detailed medical
report; 35mm color slides of the accident scene, vehicles,
impacted object, exterior and interior damage; and reporting
on other pertinent factors (alcohol, drugs, extrication com-
plications, etc.).
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Design of a National Accident Sampling
System

Investigators: P. Cooley, R. J. Kaplan, J. O'Day
Sponsor: National Highway Traffic Safety Administration

Objectives: To develop a system for obtaining valid nation-
wide statistics on traffic accident and injury rates and trends,
as well as rapid answers to questions concerning special traffic
safety problems.

Significance: Current federal, state, and local accident-data
collection programs and methods produce data inadequate for
the most effective statistical analyses of cause-and-effect
factors, including the effectiveness of various changes in road-
way designs, vehicle designs, and driver licensing policies.

Methods: The system recommended calls for investigation and
reporting of 15,000 to 20,000 accidents annually by some 35
teams located throughout the U.S. in accordance with a
sampling plan. The planalso controls the quantities of types of
accidents each team would be responsible for investigating,
to assure that the data would be a valid, representative
sample of accident phenomena nationally.

Results: A report that describes the system and recommends
that it be tested by means of a pilot program has been
submitted to the sponsor.



Effects of the Energy Crisis on the
Safety of U.S. Toll Roads

Investigator: R. E. Scott

Sponsor: National Highway Traffic Safety Administration

Objective: To evaluate the effects of the energy crisis on
toll road traffic, with emphasis on examining changes in acci-
dent rates and changes in exposure.

Significance: Toll road records of the major turnpikes offer
superior possibilities for comparing accident rates with
exposure rates, since the toll tickets provide the needed
exposure data. Because the turnpikes are similar to the inter-
state highways in design and use, the findings are generaliz-
able to the interstate system.

Methods: Digitized accident and traffic data for 1973 and 1974
have been collected from several toll roads, along with speed
data for periods before and after the onset of the energy crisis.

Results: The data are being analyzed to determine the fre-
quencies and rates of accidents by classifications of accident
severity and types of vehicles.
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Exploratory Data Analyses

Investigator: . O'Day
Sponsor: National Highway Traffic Safety Administration

Obijective: To conduct specific accident-data analyses during
fiscal 1976 on topics jointly agreed upon by the sponsor and
HSRI.

Significance: This project permits short, specific analytical
studies to be initiated quickly and thereby provide rapid re-
sponses to questions of current import.

Methods: The basic datafiles of the Institute serve as the source
of material for these analyses. Upon agreement with the
sponsor, an analyst is assigned to a defined topic, necessary
computer runs are made, and a report is provided.

Results: The results of each quick-response study are used by
the NHTSA to evaluate its current programs and plan new ones.
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Highway Incident Textures Laboratory
(HIT-Lab)

Investigator: ). O'Day

Sponsor: Motor Vehicle Manufacturers Association

Objectives: The objectives of this continuing program are to

acquire and maintain sets of computerized accident data, con-
duct analyses of the data to identify and assess causative fac-

tors in highway accidents and injuries, and make the accident

datafiles and HSRI-developed computer programs available to

analysts at the University of Michigan and other universities,
government agencies, and private industry.

Significance: Traffic safety analysts need rapid and economical
access to computerized accident-data files not only to identify
the most dangerous elements of the U.S. automotive trans-

portation system but to pinpoint the weaknesses in current

data-collection programs and design means of collecting bet-
ter data.

Methods: Answers to particular research questions are sought
by the use of univariate or multivariate analyses of combina-
tions of files best suited for a study in terms of the scope,
detail, and representativeness of their data.

Results: This program, initiated in 1970, provides quick com-
puterized access to more than 160 general or specialized col-
lections of accident data now regularly used by U-M analysts
and 12 other research organizations throughout the U.S.



Improved Methods of Collecting
and Analyzing Bicycle Accident
and Injury Data

Investigators: J. D. Flora, E. Margosches, R. J. Kaplan

Sponsor: Bicycle Manufacturers Association

Objectives: To review and evaluate the representativeness of
accident data gathered by the National Electronic Injury Sur-
veillance System, conduct an independent analysis of bicycle
accidents, and improve the current methodology of bicycle-
accident analyses.

Significance: Current methods of collecting and analyzing
bicycle-accident data do not provide information sufficiently
useful for effective development of several means of making
bicycling safer. The study recommendations are expected to
improve the NEISS methods.

Methods: Feasible data sources have been identified and
analyzed, injury scales further developed, and efforts made to
develop and incorporate exposure data useful for making
the accident data analyses more meaningful. Three calendar
years of NEISS data have been analyzed to assess the sensi-
tivity of measures of hazard currently used by the Consumer
Product Safety Commission for ranking products, and a com-
puter program has been developed for use in obtaining a
rapid and economical standard summary analysis for any
given product.

Results: The study identified several problems with the current
sample design and its application. Several recommenda-
tions were made: that a simpler sample design be used; that
a CPSC representative be made responsible for basic data
collection, so that consistent data can be obtained from all
hospital emergency rooms participating in the NEISS system;
and that data-based methods of age adjustment be used along
with a product-specific exposure measure developed in the
study for use in constructing an improved hazard index.

17
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Multidisciplinary Accident
Investigation Files

Investigators: J. C. Marsh, J. O’Day

Sponsors: National Highway Traffic Safety Administration,
Motor Vehicle Manufacturers Association, and Canadian Min-
istry of Transport

Obijectives: To collect, computerize, and make available to the
research community the accident case data reported by multi-
disciplinary investigative teams operating throughout North
America.

Significance: Accident cases investigated by the multidis-
ciplinary teams provide comprehensive, detailed dataon more
than 800 variables per case, derived from the “Collision
Performance and Injury Report” long form plus additional
variables. These data files provide for the retrieval and analysis
of more in-depth pre-crash, crash, and post-crash accident
factors than do files based upon police-reported data.

Methods: Case documens are supplied to HSRI by more than
thirty-five teams via their respective sponsors. New cases are
logged in and the data coding is edited to ensure correct-
ness, consistency, and completeness. Data coding must be
internally consistent within the coding form and consistent
with the full-text desription of the collision. After added vari-
ables are coded, the case is edited a second time before key-
punching, and computer checks for over 400 codes and
internal consistencies are made before the case is added to the
time-shared computer files. Once cases are on-line, any cod-
ing problems discovered are corrected. HSRI provides field
teams and data users with information and training on the data-
editing process and contents of the computer files by means of
reports and training sessions.

Results: More than 7,800 cases have been computerized.
Special files concerning vehicle malfunctions, injuries, and
fatalities have been constructed for passenger cars, trucks,
buses, motorcycles, and pedestrians. These in-depth files
are the most actively used HSRI files, with approximately 50
tape accessings per month.
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Oakland County Accident
Investigations

Investigator: R. E. Scott

Sponsor: Motor Vehicle Manufacturers Association

Objective: To conduct detailed investigations of a sample
of Oakland County accidents involving late-model passenger
cars towed from the scene.

Significance: Data on injuries and restraint system use are
being collected to permit inferences concerning the perform-
ance of lap and upper-torso restraint systems in current use.
Data related to vehicle-handling characteristics, particularly
tire characteristics, are concurrently being collected to assess
their role in accident causation.

Methods: The sampling plan is designed for collection of
approximately 300 accident-involved vehicles per year. Case
data are recorded on annotated GM "“Collision Performance
and Injury Report” long forms with supplements.

Results: The results of this and related progrms are expected
to establish the effectiveness of current occupant restraint
systems in preventing or reducing injuries. Data related to
vehicle handling will contribute to an assessment of its role
in accident causation.




Special Collision Data
Analysis Topics

Investigator: . O’'Day

Sponsor: Motor Vehicle Manufacturers Association

Objectives: To conduct statistical analyses of data relating to
selected topics, and to provide tabular and interpretive reports
on the findings.

Significance: The output of this project is intended to bear on
important questions regarding accident causation, the effec-
tiveness of injury-preventive measures, and the definition of
likely countermeasures for reducing accidents and injuries.

Methods: The studies entail defining the topics and questions
of interest, selecting HSRI data banks containing information
applicable to those topics, conducting the computerized anal-
yses, and interpreting and reporting the findings. Specific
planned topics include a study of restraint systems effec-
tiveness and the relationship of vehicle handling and braking
to particular types of accidents.

Results: The data collection on the first of the topics planned
has recently been completed and is in the process of final
entry into digital data files. The results of the first analyses
made on these files have been reported to the sponsor.
The vehicle handling and braking study has been designed
and has recently entered the data collection phase.
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Washtenaw County Accident
Investigations

Investigator: L. D. Filkins

Sponsor: Motor Vehicle Manufacturers Association

Objective: To conduct detailed investigations of a sample of
Washtenaw County accidents involving late-model passenger
cars towed from the scene.

Significance: Data on injuries and restraint use are being col-
lected to permitinferences concerning the performance of lap
and upper-torso restraint systems in current use. Data related
to vehicle-handling characteristics, particularly tire character-
istics are concurrently being collected to assess their role in
accident causation.

Methods: The sampling planis designed for collection of approx-
imately 150 accident-involved vehicles per year. Case data
are recorded on annotated GM “'Collision Performance and
Injury Report” long forms with supplements.

Results: The results of this and related programs are expected
to determine the effectiveness of current occupant restraint
systems in preventing or reducing injuries. Data related to
vehicle handling will contribute to an assessment of its role
in accident causation.
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Driver-Vehicle Interactions
and
Performance of
Vehicle Components
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Effects of Tire Properties
on Truck and Bus Handling

Investigators: R. D. Ervin, C. B. Winkler, J. E. Bernard
Sponsor: National Highway Traffic Safety Administration

Objectives: To determine the value of kinematic, compliant,
inertial, and dimensional parameters needed for analyzing the
dynamic behavior of four trucks and buses; to determine the
relevant mechanical performance characteristics of tires such
as those on the selected vehicles; to develop a mathematical
model for predicting force and moment responses of the tires;
to refine and validate the model through laboratory and road
tests using stationary and mobile dynomometer equipment;
and to determine the sensitivities of truck and bus perform-
ance to tire characteristics as determined by an extensive
computerized parameter sensitivity study.

Significance: The dynamic behavior of trucks and buses is sig-
nificantly affected by the dynamic properties and performance
of their tires. But safety-related improvements in tires depend
upon generation of new knowledge of their on-the-road per-
formance and the effects of that performance on vehicle
stability.

Methods: The study entails acombination of tire traction experi-
ments, mathematical modeling, tire-vehicle systems simula-
tions, and full-scale vehicle tests.

Results: The study will generate new knowledge of relation-
ships between tire performance and vehicle dynamics, includ-
ing information on whether the range of parameters repre-
sented by “optional” tire selections introduces a large range of
vehicle performance characteristics.

27
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Methodology for Determining the Role
of Vehicle Handling in Accident
Causation

Investigators: L. Segel, D. F. Dunlap, P. Cooley, R. D. Ervin
Sponsor: National Highway Traffic Safety Administration

Objectives: To develop and assess a methodology for deter-
mining the role of vehicle handling responses as a factor in
accident causation.

Significance: The role of vehicle handling in accident produc-
tion is largely unknown. Work has been done on fringe areas
but never directly on this problem.

Methods: The eight tasks in this project consist of developing
a plan of work, reviewing the literature and generating an
annotated bibliography, identifying accidents involving
vehicle handling in HSRI's data files, formulating hypotheses
that link vehicle properties to pre-crash accident descriptors
and a set of vehicle handling parameters, developing a meth-
odology for defining the relationship between vehicle hand-
ling response parameters and accident production, using acci-
dent investigation forms to test the accident data collection
methodology, and refining the methodology.

Results: The study is expected to produce new information
on the role of vehicle handling in accident causation, as well as
a new methodology for collection and anlyses of data that can
identify specific problems in this area.



Motorcycle Braking Performance

Investigators: R. D. Ervin, C. C. MacAdam
Sponsor: National Highway Traffic Safety Administration

Objectives: To determine the braking capabilities of motor-
cycles in terms of Federal Motor Vehicle Safety Standard 122,
examine current test performance standards and recommend
changes, examine the evolution of motorcycle brake systems
and determine their rate of progress, recommend modifica-
tions to current standards or propose new standards, and
recommend a timetable for upgrading motorcycle brake
system performance requirements.

Significance: Federal Standard 122, originally based on passen-
ger car braking test procedures, is in need of a major revision.
An objective format must be established and the motorcycle
must be treated as a unique transportation machine.

Methods: Methods include a survey of braking capabilities
of U.S.-marketed motorcycles, use of the HSRI flat-bed

tire tester for braking-in-a-turn tests of motorcycle tires, and
full-scale braking tests conducted on a sample of motorcycles.

Results: The study is expected to produce a new set of test
procedures and recommendations for improved safety stand-
ards for motorcycles.

29
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Trailer Braking Performance

Investigator: ). E. Bernard

Sponsor: National Highway Traffic Safety Administration

Obijectives: To clarify the mechanics involved in combination
vehicle braking, develop a rational method for measuring
trailer braking, and establish guidelines by which the towing
and towed vehicles can be properly matched to provide
acceptable combination-vehicle braking performance.

Significance: No adequate standards exist for matching passen-
ger cars and trailers to assure safe braking performance.

Methods: The project tasks include making parameter mea-
surements of five sample trailers; with the aid of dynamic
simulations, analyzing the braking performance of combina-
tion vehicles under various conditions; conducting full-scale
braking performance tests with various combinations of tow
and trailer vehicles; and reporting conclusions and recom-
mendations concerning test procedures, trailer brake stand-
ards, and parameters for effective matching of tow vehicles
and trailers.

Results: The study results will include recommendations for

appropriate trailer brake test procedures and guidelines for the
matching of towing and towed vehicles, as well as conclusions
regarding the utility of implementing the results in the form of
performance standards and/or consumer information guide-
lines explaining tow-vehicle-and-trailer braking performance.



Tire Involvement in
Highway Traffic Crashes

Investigators: R. E. Wild, J. O’Day

Sponsor: Rubber Manufacturers Association

Objectives: To collect and index data regarding tire involve-
ment in highway accidents.

Significance: Heretofore no data file useful for assessing the
role of tires in accidents has existed. The file to be created in
this study is expected to permit assessment of how tire char-
acteristics, uses, and abuses relate to highway accidents.

Methods: Project tasks include collecting data from multi-
disciplinary case reports and HSRI library documents, indexing
the data by subject, cataloging the printed materials, and main-
taining an information log.

Results: Preliminary inspection of multidisciplinary accident
investigation reports in which a tire was identified as a major
contributive factor has shown that in many cases the vehicle
operator was misusing the tires (e.g., the tires were bald,

or underinflated, or mismatched).
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Truck Braking and Handling

Investigators: P. S. Fancher, R. D. Ervin, J. E. Bernard,
C. B. Winkler, C. C. McAdam

Sponsor: Motor Vehicle Manufacturers Association

Objectives: To verify simulations of straight-line braking per-
formance of vehicles equipped with anti-lock brakes, to
develop a computer program for evaluating the performance
of actual anti-lock system hardware in simulated straight-line
stops; to develop a functional description of commercial
vehicle brakes, and to determine the longitudinal shear force
characteristics of various types of heavy truck tires.

Significance: A functional description or model of commercial
vehicles is needed to aid in planning commercial vehicle
braking tests and to assist in interpreting the measured data.

Methods: The four projects involve employing combinations of
laboratory tests, mathematical modeling, computerized simu-
lations, over-the-road mobile dynamometer tests of tire and
brake system performance, and full-scale vehicle braking tests.

Results: The studies are expected to produce information
essential for determining the quality of parametric data
for predicting braking performance of trucks.
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Truck Tire Noise and Traction

Investigator: R. D. Ervin

Sponsor: Motor Vehicle Manufacturers Association

Objective: To investigate the relationships between tread
patterns, tire noise, and longitudinal and lateral traction prop-
erties of truck tires.

Significance: In view of recent research findings which show
that the socalled ‘““traction” tire (a cross-bar rib design) pro-
vides no more longitudinal or braking traction on paved
surfaces than that produced by the circumferential-rib
“highway"’ tire, it is useful to determine whether this finding
holds as well for lateral traction. In general, tradeoffs between
noise, traction, tread wear, and carcass life need to be care-
fully assessed.

Methods: Experiments with a sample of variously treaded
truck tires are being conducted to establish their noise gener-
ation and traction properties on various surfaces.

Results: The study results are expected to facilitate more dis-
cerning judgments concerning conflicting requirements on
the design and use of truck tires.
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Occupant Protection
and
Human Tolerance to Impacts

37



}"///,;W




Anthropometry of U.S. Children to
Age 18 for Improving Safety
of Consumer Product Designs

Investigators: R. G. Snyder, C. L. Owings, L. W. Schneider,
and H. M. Reynolds

Sponsor: Consumer Product Safety Commission

Objectives: To conduct a nationwide survey of basic and func-
tional measurements of infants and children, from newborn to
age 18, and make the data available to product designers,
writers of government safety standards, and others needing
such information.

Significance: More than 4,000,000 children are injured each
year in accidents involving toys, furnitue, playground equip-
ment, and bicycles, often because those products were
designed without adequate knowledge or consideration of the
physical characteristics of the intended users. This study is the
first to obtain measurements applicable to the current popu-
lation of U.S. children.

Methods: The study has included development and use of
special techniques involving pressure transducers and auto-
mated measuring devices for anthropometry and centers of
gravity. Two teams are measuring children and youths at var-
ious U.S. locations to provide a sample representative of the
U.S. population.

Results: A handbook of currently available data and biblio-
graphic references has been compiled to serve as an intrim
guide until the data now being collected can be made available.
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Basic Biomechanical Properties of the
Human Neck in Relation to Lateral
Hyperflexion Injuries

Investigators: R. G. Snyder, D. B. Chaffin, L. W. Schneider

Sponsor: Insurance Institute for Highway Safety

Objective: To develop new information on human head-neck
injuries incurred by lateral or rear-quarter forces, or when a
vehicle occupant’s head is turned to one side at the time of
impact.

Significance: Basic data on head-neck injuries associated with
lateral flexion and rotation are important for the design of
anthropomorphic dummies and occupant restraint systems.

Methods: Measurements obtained from a representative
sample of the U.S. population aged 18 through 75 are being
related to measurements of muscle strength and response
time and to radiographic, photogrammetric, and anthro-
pometric measures, and an attempt is being made to measure
the range of voluntary motion in combined lateral flexion and
rotation.

Results: The study is expected to provide information valuable
for designing improved anthropomorphic dummies and safer
occupant seats, restraint systems, and passenger compart-
ments.



Biomechanics of Cervical Spine Injuries

Investigators: ). W. Melvin, D. H. Robbins

Sponsor: National Institute of Arthritis, Metabolism, and
Digestive Diseases

Objectives: To establish the ranges of motion and configura-
tion of the human cervical spine in the principal planes of
motion and in coupled combinations of motions; determine
the dynamic resistance to motion of the spine under realistic
loads; determine its failure characteristics under simple and
complex loads; develop a detailed mathematical model of the
cervical spine that can assess injury potentials in crash envi-
ronments; and install the model as a post-processor model
for use with models of gross vehicle motion.

Significance: Existing biomechanical data on the human
cervical spine are specialized and are not well suited to
inclusion in a unified analysis of cervical spine injuries.

Methods: The experimental tests are closely coupled with an
analytic program to develop a detailed mathematical model
that can be used to predict and assess the injury potential
of accidental impacts to the cervical spine.

Results: The mathematical model under development, when
combined with the experimental injury data and used in con-
junction with simulation models of gross vehicle motion, will
provide information essential for assessing the extent of spinal
injuries in particular simulated collisions.
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Crashworthiness and Occupant
Protection in General Aviation
Aircraft Accidents

Investigator: R. G. Snyder
Sponsor: Highway Safety Research Institute

Objective: To determine relationships between injury patterns
and crashworthiness design.

Significance: These investigations, conducted since 1970, are
being pursued in cooperation with the National Transporta-
tion Safety Board, the Federal Aviation Administration, and the
Michigan State police. The on-scene investigations provide the
kind of biomedical data essential for safer designs of aircraft,
particularly with respect to improved protection during and
following a crash.

Methods: In on-scene investigations of survivable crashes,
investigators examine and evaluate the performance of cabin
structures, instrument panels, restraint systems, seats, and
other components relative to occupant injury or protection.

Results: Data collected thus far indicate that even when cabin
structures remain intact, occupants often receive serious or
fatal injuries from instrument panel projections, inadequate
restraint systems, inadequately anchored seats, and other
design-related causes. The data show that use of upper torso
restraints could reduce serious and fatal injuries in survivable
accidents by an estimated 85%. The data also show that emer-
gency general aviation aircraft ditching can be successfully
accomplished under adverse conditions, with overall 95%
survivability found for 315 cases in the past 10 years.




Human Impact Tolerances in Free Falls

Investigator: R. G. Snyder

Sponsor: Insurance Institute for Highway Safety

Obijective: To study selected human free-fall impacts to collect
impact-tolerance data useful for applications in the design of
improved protective systems for occupants of land, air, and
other vehicles involved in collisions.

Significance: This investigation is designed to reduce the seri-
ous lack of precise data concerning human tolerances to im-
pact trauma through study of free-fall impacts involving
various heights, surfaces, contact positions, sequences, and
resulting injuries.

Methods: The study entails investigation of selected reported
falls within a 600-mile radius of Ann Arbor through on-site
visits, interviews with survivors, witnesses, and medical per-
sonnel, and study of biophysical environmental evidence rela-
tive to trauma received.

Results: The study will provide new data on the capacity of
the human body (particularly of children and females) to
tolerate impacts to various body regions, given particular
impact configurations and forces.
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Development of a High-Speed
X-Ray Cinematographic System

Investigator: M. Bender

Sponsor: Motor Vehicle Manufacturers Association and the
National Science Foundation

Obijectives: To develop a high-speed X-ray cinematographic
system thatwill photographically record radiologic dataduring
impact studies at a rate of at least 1,000 frames per second.

Significance: The system will significantly improve the quality
of data obtainable from HSRI biomechanical studies of brain
motion, other critical body organ motion, neck motion, and
other biomechanical parameters during collision impacts.

Methods: Components of the system will include (1) a con-
tinuous-potential thermionic-emission X-ray source; (2) two
X-ray-to-light fluorescent conversion screens; (3) an objective
lens; (4) a magnetically focused three-stage image-intensifier
tube; (5) transfer optics; (6) a high-speed motion picture
camera; and (7) control and timing circuits, and associated
power supplies.

Results: The principal components have been constructed and
assembled, and the system is being used in current bio-
mechanical studies underway at HSRI.
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Human Tolerance to Dynamic Loads

Investigators: R. L. Stalnaker, J. W. Melvin, N. M. Alem

Sponsor: Motor Vehicle Manufacturers Association

Objective: To obtain basic data regarding the response of
the human body to dynamic loads, with emphasis on the head
and legs.

Significance: One of the most serious deficiencies in assessing
the protective potential of safety systems is the lack of definitive
biomechanical information relating mechanical impact para-
meters to resulting injuries.

Methods: Unembalmed human cadavers are being used in
instrumented impact experiments.

Results: The study results indicate that the dynamic load-
carrying ability of the upper leg skeletal system is much
greater than previously thought. Methods for accurately
assessing the injury potential in such loading situations are
being developed. The head impact studies are producing data
that will allow a general characterization of the mechanics of
head impact, thereby expanding the ability to assess injury
potential in the wider variety of head impacts associated with
real-world accidents.




Modular Program Development
for Vehicle Crash Simulation

Investigators: |. K. Mclvor, D. H. Robbins
Sponsor: National Highway Traffic Safety Administration

Objective: To develop a capability of computer simulation of
vehicles during impact under arbitrary crash configurations.

Significance: Knowledge of the structural behavior of vehicles
during impact is essential for crashworthy design. To date
crash testing is the principal source of such information. The
simulation program under development will significantly
reduce the need for crash testing in the design process.

Methods: The simulation program is based on a modular
structure that provides the user with maximum flexibility in
specifyingavehicle model appropriate for the given crash con-
ditions. Each module represents a specific sub-assembly of the
vehicle. A large plastic deformation structural theory was
developed to model the modular components. A computer
executive system assembles the equations for each specified
module and effects the solution through numerical inte-
gration.

Results: The computer simulation is in the final development
stage. It has been exercised on a number of test problems.

Dynamic validation tests have been conducted on models with
features characteristic of crashworthiness applications. Com-

parison of predicted and experimental results show good
agreement.




S

G RERR
32 36 40 44 4t




Prediction of Head
and Neck Responses
to Impact Accelerations

Investigator: L. W. Schneider

Sponsor: U. S. Naval Aerospace Medical Research Lab

Objectives: To determine specific head and neck characteris-
tics of Navy test subjects and compare those measurements
with HSRI data obtained from the general U.S. population.
Measurements obtained from Navy subjects will be used in the
MVMA two-dimensional crash simulation model to simulate
NAMRL sled test runs.

Significance: By comparing simulated and actual test data for
the Navy test subjects, the simulation model can be validated
and used for (1) projecting Navy test results to segments of
the general U.S. population, and (2) predicting more accur-
ately, by computer simulation, the responses and injury sus-

ceptibility of vehicle occupants in various automotive crash
situations.

Methods: Properties of the human neck, including anthro-
pometry, neck muscle strength, range of motion, and neck
muscle reflex times, are being measured in a laboratory
equipped with special instrumentation and measuring equip-
ment. Range-of-motion measurements are being obtained in
three dimensions, using orthogonal photogrammetry. Mathe-

matical modeling is being conducted with the MVMA-2D
Crash Victim Simulation, Version 3.

Results: A subgroup of Navy test subjects whose physical char-
acteristics match well has been established, and sled test data
and results for those subjects are being compiled by the
NAMRL for use in computer simulations and validation of the
models.
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Quantification of Thoracic
Impacts and Injuries

Investigator: D. H. Robbins
Sponsor: National Highway Traffic Safety Administration

Obijectives: To quantify kinetic and kinematic responses of the
human thorax (chest) to impacts, define performance specifi-
cations adequate to ensure kinetic and kinematic fidelity of a
surrogate thorax to a living human thorax, and compile a
compendium of derived predictive functions that relate spe-
cific kinematic parameters of a thoracic impact to the
probable occurrence of injury.

Significance: Thoracic injuries are prevalent in automotive
crashes, but the mechanisms of these injuries are not well
understood. This lack of data has hindered development

of reliable injury criteria, crash test dummies, and restraint
systems.

Methods: Basic data are being obtained through instrumented
impact tests on human cadavers and primates. Injury-predic-
tive functions are being developed from the test data.

Results: The injury-criteria information produced in this study
will be employed to develop peformance specifications forthe
thorax of an improved crash-test dummy that can be used for
evaluating the effectiveness of currentand experimental occu-
pant restraint systems.




Training and Other Services
Related to the MVMA 2-D and
3-D Mathematical Models

Investigator: D. H. Robbins
Sponsor: Volkswagenwerk AG, Wolfsburg

Objectives: To train VW employees in use of the two mathe-
matical models, assist in installing the two programs on VW's
computers, provide computer tapes of source programs

and demonstration examples, develop selected data sets for
use with the models, and provide consulting services to
VW after the training period.

Significance: To use the two- and three-dimensional

models effectively in computer simulations of crash tests,
engineers employed by auto manufacturing companies need
to understand how the programs work, and they need to
have source and crash-dummy data essential for conducting
valid simulations.

Methods: These include training and observational sessions
for VW employees at HSRI.

Results: The project is expected to provide VW with an
independent capability for making full use of the MVMA
2-D and 3-D mathematical models for simulating occupant
motions during crashes.
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Validation of Mathematical
Simulations of Occupant
Dynamics during Crashes

Investigator: D. H. Robbins

Sponsor: Motor Vehicle Manufacturers Association

Objective: To develop validation and verification proce-
dures suitable for use with the MVMA two-dimensional and
the Calspan three-dimensional mathematical crash victim sim-
ulators.

Significance: Computer simulations of occupantdynamics dur-
ing crashes, used in conjunction with actual impact testing,
are a valuable means of obtaining information essential for
developing improved protection for vehicle occupants. But
before a computer simulation can be effectively used, it must
be validated (demonstrated to be accurate) through a process
of comparing its results with those obtained from actual im-
pact tests and refining the simulation so that the results are
in agreement.

Methods: These include developing procedures for identi-
fying types of impacts, selecting indicators of dynamic
responses (severity index, HIC, femur loads, etc.), displaying
the validation level adequately and simply, and determining
the parameters of input data to be used in the validation
tests. The procedures will be demonstrated for the MVMA two-
dimensional crash victim simulator.

Results: These will be presented in two reports. One will
include the technical details of the validation procedures, the
computer exercises, and the sled tests; the other will com-
pare the modeling and experimental procedures.



Validation of a Model of
Head-Impact Injuries

Investigators: ). W. Melvin, R. L. Stalnaker
Sponsor: National Highway Traffic Safety Administration

Objectives: To perform experiments involving head impacts in
animals and fresh cadavers with sufficient precision and relia-
bility to validate an analytic model of the impacts, and to
determine the brain-injury mechanisms from the pathologic
and engineering data obtained in the experiments.

Significance: To properly design devices for minimizing head
injuries in automotive crashes, engineers require a means of
predicting potential injuries. Thisis called a head-injury model.
The model can be used in reconstructions of real accidents,
in car-crash and sled-test experiments, and in mathematical

simulations.

Methods: The work involves conducting specially instrumented
impact tests that include systematic control of impulse direc-
tions, forces, and times.

Results: The study results are expected to be integrated in a

comprehensive NHTSA finite-element representation of the

entire head and neck—a model capable of simulating the role
of skull deformation, skull geometry, gross head motions, and
compression waves in the skull and brain. The data will also
provide information on the correlation between mechanical
impacts, inputs, and resulting injuries.
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Viscoelasticity of Soft Tissues
and Related Injury

Investigators: J. W. Melvin, A. S. Wineman

Sponsor: National Science Foundation

Obijectives: To study theoretically and experimentally the
topics of material anisotropy, rapid loading response, and fail-
ure criteria as they apply to the understanding of mechanisms
of mechanical trauma to the soft tissue of the human body.

Significance: Intensive efforts are now being made to under-
stand the mechanisms of mechanical trauma in the human
body and to mathematically model these mechanisms. It is of
great importance to investigate the basic application of non-
linear continuum mechanics to the description of mechanical
injury.

Methods: Testing methods and constitutive descriptions of
material behavior will be used which are justified by results
from modern nonlinear continuum mechanics. The program
encompasses the study of basic analytical problems in con-
tinuum mechanics and the application of such analyses to
significantproblemsin the characterization and understanding
of the mechanical behavior and associated injury mechanisms
of soft tissue through experimental studies of tissue response.

Results: In this program, methods, concepts, and results
based on modern continuum mechanics will be developed to
improve experimental procedures and constitutive assump-
tions to improve understanding of mechanical function and
modes of failure in biological tissues. Similarly, the needs
identified in the experimental study will be used in develop-
ment of special topics in continuum mechanics and the solu-
tion of specific problems.



Whole-Body Kinematic Responses
to Crashes

Investigators: . W. Melvin, N. M. Alem, J. B. Benson

Sponsor: General Motors Research Laboratories

Obijective: To obtain detailed measurements of whole-body
kinematic responses in a crash environment.

Significance: The end purpose of the work is to provide data
essential for improving the designs of variously sized anthro-
pomorphic test dummies—a critical need in the develop-
ment of advanced occupant protection systems.

Methods: Unembalmed human cadavers are being used as test
subjects in simulated crashes on the HSRI Impact Sled at
various levels of severity. Extensive instrumentation tech-
niques are used to allow detailed three-dimensional motion
measurement of critical body components.

Results: The study data will be used in development of scaling
laws and performance requirements for different sizes of
anthropomorphic test dummies.
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Luminous Requirements of
Retroreflective Highway Signing

Investigator: P. L. Olson
Sponsor: National Cooperative Highway Research Program

Obijective: To define the lower and upper limits of lumin-
osity for retroreflective road signs, including those composed
of retroreflective sheeting as well as reflector buttons.

Significance: The research is designed to produce guidelines
forengineers and manufacturersin selecting, maintaining, and
replacing retroreflective highway signs.

Methods: The work includes a literature review, a survey of
current practices and materials used by traffic engineering
agencies, and laboratory and field experiments to develop an
analytical model of sign performances under varied con-
ditions.

Results: The results of the study will provide traffic engineers,
for the first time, with performance-based guidelines for
selecting retroreflective signing materials.
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Motorcycle Headlighting Characteristics

Investigators: S. P. Sturgis, P. L. Olson
Sponsor: National Highway Traffic Safety Administration

Obijective: To provide recommendations for characteristics of
motorcycle headlamp beams for three classes of motorcycles.

Significance: Unlike automobiles, two-wheeled motorized
vehicles vary greatly in the maximum speeds they can attain.
Thus different categories of the machines need different head-
lighting standards to ensure adequate illumination for night
driving.

Methods: Samples of currently used headlamps and mopeds
and motorcycles have been obtained, photometrically
described, and a subset of them subjectively evaluated for
their adequacy in providing illumination in night driving.
Analytical evaluations of the effectiveness of these lamps have
been made and used to structure potentially satisfying beam
patterns. A subset of these beams has been evaluated in
field studies of the controllability of the machine and the
visibility provided the rider.

Results: Recommendations based on the study findings have
been made for the characteristics of headlamp beams needed
for three major classes of motorcycles, including mopeds.
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Alcohol, Drugs, and
Highway Safety:

State of Knowledge and
Information Needs

Investigator: K. B. Joscelyn

Sponsor: National Highway Traffic Safety Administration

Objectives: To review, evaluate, and summarize existing know-
ledge concerning the problems of alcohol and highway safety
and drugs and highway safety.

Significance: The development of effective new research pro-
grams in these areas depends upon a critical review and careful
evaluation of what is now known about those problems.

Methods: The review and evaluation of existing knowledge
relating to alcohol and highway safety includes examination
of findings in the areas of alcohol in crashes and violations,
physiological effects of alcohol, laboratory and field research
on alcohol and driving behavior, and the effectiveness of
countermeasure programs. A similar evaluation in the area of
drugs and their influences on highway safety entails indenti-
fying general and specific research questions relating to drug
measurement, accident analysis, effects of specific drugs on
driving behavior, and the most promising countermeasure
concepts.

Results: The study results will be presented in written reports
as well as in technical and nontechnical slide presentations.
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Citizen Participation to
Improve Highway Safety

Investigator: P. L. Olson

Sponsor: National Highway Traffic Safety Administration

Obijective: To investigate the potential ways in which partici-
pation by citizens can help to reduce or eliminate some kinds
of highway safety problems.

Significance: Some highway safety problems such as, for
example, delays in communications concerning accident
occurrences or stranded motorists, might be effectively
reduced through functions performed by community agen-
cies that would encourage citizen participation.

Methods: The study tasks include analyzing current problem
areas in terms of their potential for citizen participation, ana-
lyzing current practices, developing a research plan involving
establishment of an experimental road safety action center,
establishing the center in a selected community, and eval-
uating the effectiveness of the center.

Results: The results are expected to provide valuable informa-
tion concerning the potential for citizen participation and the
efficacy of at least certain forms of road safety action centers.




Colloquium on Research Directions for
Improving Driver Performance

Investigator: W. T. Pollock

Sponsor: Motor Vehicle Manufacturers Association

Obijective: To identify research needed to develop techniques
for inducing all drivers to perform more in accord with their
safe driving potential, and to disseminate the colloquium
conclusions and recommendations to those individuals and
agencies responsible for planning and conducting research on
driver behavior control and modification.

Significance: Evidence confirms that the vast majority of traffic
crashes involve "“average’ drivers during lapses in applying
their repertoire of skills and knowledge for safe, efficient
driving behavior. Focus of the colloquium is on reward and
punishment techniques for encouraging consistent display of
accident-avoidance driving behavior within the capability of
these ““average’ drivers.

Methods: A two-day meeting of invited participants was con-
vened in June, 1975. A balanced mix of senior highway safety
researchers and of noted sociologists, educators, economists,
and legal scholars was formed into four working groups of
10-12 participants, with each group charged with exploring
Education, Legal System, Social, or Economic Approaches to
inducing better driver performance.

Results: Based on tape recordings of each working group's
deliberations and on four area review papers prepared prior
to the Colloquium, a report is being prepared to summarize
the conclusions and recommendations on approaches to
driver performance improvement. The proceedings report will
be widely distributed to highway safety research and opera-
tional activities as an aid to their formulation of programs
aimed at driver performance improvement.
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Methodologies for
Improving Unexceptional Drivers

Investigator: M. E. Lee

Sponsor: Ford Motor Company Fund

Objectives: To provide guidance to those responsible for
developing driver-improvement programs for “‘non-negli-
gent”’ drivers—programs such as might be offered to policy-
holders of insurance companies, employees of corporations,
or participants in the driver license renewal process.

Significance: Most driver-improvement efforts have concen-
trated on the punishment, restriction, or rehabilitation of
drivers with exceptionally poor conviction and accident
records. There is considerable need to apply research findings
to the improvement, through individual contact, of large
portions of the unexceptional driver population.

Methods: An extensive analysis of recent literature on research
and program efforts related to driver improvement in North
America and Europe has revealed the general state of know-
ledge applicable to unexceptional drivers. More detailed
aspects of the contentand organization ofimproved programs
are being addressed through site visits and analysis of data
from a small number of experimentally controlled adult road-
user programs, including the one developed by HSRI in its
evaluation of the Ford Employe Skilled Driving Program.

Results: A series of publications will eventually comprise a
comprehensive research package for those developing these
programs. The first, published in the autumn of 1975, is an
extensively annotated and classified bibliography of more than
400 research reports and program documents relevant to the
problems of content selection, program evaluation, and the
assignment of drivers. Subsequent volumes will cover those
topics individually. All are subject to review by the user
community before publication.



Michigan Checklane Evaluation

Investigator: J. D. Flora

Sponsor: Michigan State Police

Objectives: To assist the Michigan State Police in planning,
conducting, and evaluating a program of selective vehicle
inspections and driver interviews on highways in the State
of Michigan. The main objective of the program is to assess
the effectiveness of a random-checklane vehicle-inspection
program that provides checks of about 15% of the vehicles in
the area per year, as compared to a periodic inspection of all
vehicles. The different programs are being conducted in two
different counties in Michigan.

Significance: The comparison will provide a means of assessing
the relative effectiveness of the two types of programs for
reducing vehicle defects. The observed benefits from the pro-
grams in terms of reduced defects of various types, con-
sidered along with the estimated cost of each program state-
wide, will enable the State of Michigan to decide whether
to implement a full, statewide program of periodic vehicle
inspection. The study will also provide the first comparative
evaluation of the two vehicle inspection systems in an actual
population, using a quasi-experimental design.

Methods: As a subcontractor to the Michigan State Police
under a grant from the NHTSA, HSRI is assisting in the site
selection and scheduling of checklane operations, providing
mechanics for the special brake inspections to be performed,
interviewing drivers and analyzing the interview data, and en-
suring adherence to the design, proper randomization, and
the overall quality control of data.

Results: The study results will include estimates of the extent
of reductions in vehicle defects achievable under the two
systems of vehicle inspection, along with driver-interview data
ondriver knowledge, attitudes, trip purposes, and other driver
behavior factors.
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Michigan Driving Characteristics File

Investigator: M. E. Lee

Sponsor: Michigan Department of State

Objective: To obtain a detailed profile of automobile usage
and ownership throughout Michigan, and to develop the capa-
bility to monitor changes in usage and ownership patterns
on a continuous basis.

Significance: Accurate information on changes in the amount
and type of automobile exposure is needed to evaluate driver
licensing and improvement programs, as well as the conse-
quences of public policy decisions on matters such as overall
speed limits and gasoline supply regulation. Hitherto, such
information has been available only for limited geographical
areas over limited time periods, while larger-scale sources of
travel data, such as origin and destination surveys, do not
normally permit the study of driver characteristics.

Methods: HSRI has designed and pilot tested an instrument
and detailed procedures for approximately 9,000 interviews of
Michigan drivers during the license renewal process. Inter-
viewing will be carried out by State personnel over a twelve-
month period beginningin late 1975. A computer file of survey
data will be built at HSRI, and exploratory analyses performed.
The survey operation will be scrutinized to aid in the identi-
fication of the most efficient methods for monitoring driver
exposure on a continuous basis in the future.

Results: The study is expected to provide the Michigan Depart-
ment of State with the capability to obtain rapid responses to
questions about the relationship between individual driver
characteristics and patterns of automobile usage, and to
ensure that future driver program and policy changes can be
related to levels of travel activity.



Revision of Michigan Original Operator
Written Licensing Test

Investigator: W. T. Pollock

Sponsor: Michigan Department of State

Objective: To revise, update, and expand the knowledge con-
tent of the Michigan written test for original license appli-
cants to reflect the best available information on safe, efficient,
legal vehicle operation.

Significance: The licensing tests to be developed using
accepted psychometric procedures will include recent
research and operational findings on driving principles and
test construction, and serve as an incremental improvementin
the educational and testing characteristics of the Michigan
Original Operator Test.

Methods: Subject matter for emphasis in the tests will be
selected from various accident and violation data files to
reflect significant, persistent driving problems in Michigan.
Emphases on recent traffic legislation and on new highway
signing practices will be developed. Test items covering these
knowledge emphases will be developed/selected, and proto-
type tests put through a test-revision-retest operation with
license applicants and driver education students. Several test
formswith equivalent contentand difficulty will be developed.

Results: Multiple forms of a new written test of safe, effi-
cient, legal driving knowledge will be provided for sponsor
use in educating and testing original license applicants.
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Public Communication on Alcohol
and Highway Safety

Investigators: R. L. Douglass, A. C. Grimm

Sponsors: Distilled Spirits Council of the United States, and
the National Highway Traffic Safety Administration.

Objective: To increase public understanding of the problem of
alcohol in relation to highway safety.

Significance: This continuing program is designed to increase
the effectiveness of current public and private information
campaigns by encouraging cooperative efforts in planning
and evaluation.

Methods: Activities in this program include collection, evalua-
tion, and dissemination of campaign materials (TV and radio
spots, print ads, posters, films as well as survey and research
reports and journal articles) through a materials center. A cat-
alog listing these materials is produced and distributed. Sem-
inars for representatives of governmental, commercial, and
voluntary agencies engaged in information campaigns on
drinking and driving are held semiannually.

Results: The program has collected more than 2,700 campaign
items and survey and research reports from over 300 organiza-
tions, has loaned more than 2,300 items in response to
requests, has conducted several peer review seiminars, and
published their proceedings. Within the University, the public
communication graphics collection has served as a basic
resource for graduate training in the Schools of Public Health,
Education, and Social Work. Additionally, graduate students
have used the collection as a data base for research projects
on alcohol countermeasures and project evaluation method-
ologies.
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Roadside Breathtesting Surveys

Investigator: A. C. Wolfe
Sponsor: National Highway Traffic Safety Administration

Obijectives: To obtain nationwide baseline data for comparison
with data obtained by local Alcohol Safety Action Project
surveys, data obtained in other countries, and data to be
obtained in future national surveys; to learn more about char-
acteristics of persons who drive after consuming too much
alcohol.

Significance: Information about the distribution and character-
istics of alcohol-impaired drivers can assist in formulating
effective countermeasures for reducing the numbers of
alcohol-related crashes. Data from a series of roadside surveys
can be used to monitor the nature and extent of the nation’s
drinking-driving problem and to assist in along-term evalution
of national efforts to reduce it.

Methods: A random national sample of 3,698 motorists was
obtained in surveys conducted between 10 p.m. and 3 a.m.
on eight weekends in the fall of 1973 at 185 roadside loca-
tions in 18 states. From among those drivers 3,358 inter-
views and 3,192 breath tests were obtained.

Results: In the 1973 national sample, 22.6% of the drivers
had a BAC of 0.02% or higher; 13.5% had a BAC of 0.05% or
higher; 5.0% had a BAC of 0.10% or higher; and 1.4% had

a BAC of 0.15% or higher. In an ongoing study, data from
over 100 similar roadside surveys conducted in 27 different
ASAPs during the period 1970-1976 are being collected and
placed in a single computer file with common format for
future comparative analyses.



HSRI Professional Staff
and
Participating Faculty Members
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Alem, Nabih M.
Ph.D., Mechanical Engineering
Assistant Research Scientist

Barhydt, Wendy H.
B.S., Special Education
Research Assistant

Becker, judith M.

M.S., Information & Control
Engineering

Research Associate

Bender, Max
M.S., Physics
Associate Research Scientist

Bennett, Robert O.
M.S., Physics
Senior Research Associate

Benson, Joseph B.
M.S., Bioengineering
Senior Research Associate

Bernard, jJames E.
Ph.D., Engineering Mechanics
Associate Research Scientist

Bernstein, Arthur
M.S., Physics
Senior Research Associate

Boissonneault, joseph F.
Foreman

Bowman, Bruce M.
Ph.D., Engineering Mechanics
Associate Research Scientist

Brown, Douglas E.
Engineer

Bunch, Howard M.
M.B.A.
Consultant

Campbell, John D.

M.S., Information & Control
Engineering

Senior Research Associate

Campbell, Kenneth L.
Ph.D., Mechanical Engineering
Assistant Research Scientist

Caplan, Elaine
B.A., Education
Research Assistant

Chaffin, Don B.

Ph.D., Industrial & Operations
Engineering

Professor of Industrial &

Operations Engineering

Cleveland, Donald E.
Ph.D., Civil Engineering
Professor of Civil Engineering

Compton, Lois S.
B.A., Psychology
Research Assistant

Compton, Marion J.
Research Assistant

Cooley, Peter
B.S., Electrical Engineering
Research Scientist

Davis, Rollin A.
B.S., Physical Education
Research Assistant

deBeaumont, Judith
M.S., Speech & Hearing
Research Assistant

Deering, Michael G.
B.S., Zoology
Research Assistant

Douglass, Richard L.

Ph.D., Public Health Administration

Assistant Research Scientist

Assistant Professor, School of

Social Work

Dunlap, Duane F.

M.S., Computer, Information &
Control Engineering

Research Scientist
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Dunne, Seymour J.
B.S., Mining Engineering
Senior Programmer Analyst

Ervin, Robert D.
M.S., Mechanical Engineering
Associate Research Scientist

Fancher, Paul S.
M.S., Instrumentation Engineering
Research Scientist

Ferris, Leona E.
Supervisor, Data Entry

Filkins, Lyle D.
M.S., Industrial Engineering
Research Scientist

Flora, Jairus D.

Ph.D., Statistics

Assistant Research Scientist
Assistant Professor, Biostatistics

Foust, David R.

M.S., Bioengineering

Ph.D. Candidate, Bioengineering
Senior Research Associate

Gates, Thomas A.
B.S., Mechanical Engineering
Research Associate

Golomb, Dan H.
B.S., Operations Research
Programmer Analyst

Good, Malcolm C.
M.S., Engineering Science
Visiting Associate Research Scientist

Green, John A.
Ph.D., Physics
Research Scientist

Grimm, Ann C.
M.A., Library Science
Assistant Librarian

Gupta, Rajiv K.
M.S., Mechanical Engineering
Research Associate

Haney, James E.
M.A., English
Program Coordinator

Hess, Robert L.

Ph.D., Engineering Mechanics

Director, HSRI

Professor, Applied Mechanics &
Engineering Science

Huber, Mark A.
B.S., Mechanical Engineering
Research Assistant

Huelke, Donald F.
Ph.D., Anatomy
Professor, Anatomy

Joscelyn, Kent B.

J.D., Law

Research Scientist & Head
Public Factors

Kaplan, Richard }.
Ph.D., Experimental Psychology
Research Scientist

Kay, Robert D.
B.A., Psychology
Research Assistant

Kim, Tae Moon

M.S., Industrial & Operations
Engineering

Programmer

Lawson, Thomas E.

B.A., English

Research Assistant

Lee, Martin E.
M_.A., Education
Ph.D. Candidate
Urban and Regional Planning
Research Associate

Lehman, Richard ).
B.A., Psychology
Research Associate

List, Barbara A.
B.A. Sociology
Research Assistant



MacAdam, Charles C.

M.S., Vehicle Dynamics & Control
Systems

Research Associate

Mangus, David J.
Research Assistant

Marsh, Joseph C.
M.S., Electrical Engineering
Assistant Research Scientist

Mate, Peter |I.
B.S., Mechanical Engineering
Research Associate

McCormick, William E.
B.A., Psychology
Assistant Director, HSRI

McDole, Thomas L.
Ph.D., Education/Traffic Safety
Senior Research Associate

Mclvor, Ivor K.

Ph.D., Engineering Mechanics

Professor & Chairman, Applied
Mechanics & Engineering Science

Melvin, john W.

Ph.D., Theoretical & Applied
Mechanics

Research Scientist & Head
Biomechanics

Minahan, Daniel }.
B.S., Civil Engineering
Research Associate

Moncarz, Howard T.
M.S., Aerospace Engineering
Research Associate

Moore, Joseph A.
Administrative Associate

Murphy, Michael }.
B.S., Electrical Engineering
Research Assistant

Newland, Leonard E.
B.A., Economics
Consultant

O’Day, James

M.S., Physics

Research Scientist & Head
Systems Analysis

Olson, Paul. _

Ph.D., Industrial/Experimental
Psychology

Research Scientist and Head
Human Factors

Owings, Clyde L.

M.D., Ph.D., Bioengineering

Associate Professor, Pediatrics &
Communicable Diseases

Associate Professor, Electrical &
Computer Engineering

Peck, Leigh S.
B.S., Engineering
Research Assistant

Pollock, William T.
Ph.D., Psychology
Research Scientist

Post, David V.
B.A., Psychology
Research Associate

Post, Thomas M.
M.S., Engineering Mechanics
Research Associate

Prince, Robert M.
B.A., Psychology
Research Assistant

Read, Elizabeth
B.A., Psychology
Research Assistant

Reynolds, Herbert M.
Ph.D., Physical Anthropology
Assistant Research Scientist

Ricci, Leda L.
B.A., English, Sociology
Research Assistant

Richardson, Barbara C.
M.S., Civil Engineering
Research Associate
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Robbins, D. Hurley

Ph.D., Engineering Mechanics

Research Scientist and Head
Biomathematics

Schick, Cheri
Research Assistant

Schneider, Lawrence W.
Ph.D., Bioengineering
Assistant Research Scientist

Scott, Robert E.
M.S., Electrical Engineering
Research Scientist

Segel, Leonard

M.S., Engineering

Research Scientist and Head
Physical Factors

Professor, Mechanical Engineering

Sherman, Harold W.
B.S., Electrical Engineering
Senior Research Associate

Snyder, Richard G.

Ph.D., Physical Anthropology, Zoology
Head, Biomedical

Professor, Anthropology

Stalnaker, Richard L.
Ph.D., Engineering
Associate Research Scientist

Sturgis, Samuel P.
M.S., Psychology
Research Associate

Tolkin, Steven E.
Research Assistant

Wang, Han C.
Ph.D., Applied Mechanics
Assistant Research Scientist

Weber, Kathleen B.

M.A., Library Science

Coordinator, Research Information
& Publications

Whitney, Carol S.
Research Assistant

Wwild, Robert E.
M.S., Physics
Research Associate

Winkler, Christopher B.
M.S., Mechanical Engineering
Senior Research Associate

Wolfe, Arthur C.
Ph.D., Political Science
Senior Research Associate

Young, Wendell E.
B.S., Mechanical Engineering
Research Associate



HSRI Research Facilities
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The HSRI Building

The HSRI Building, constructed in 1969 on the North Campus
~ of The University of Michigan, provides 68,000 square feet of
laboratories and other facilities specifically designed to
support research on all aspects of transportation systems and
their problems. The building contains laboratories for analog
and digital computing, vehicle research, impact-sled tests,
biomedical studies, and physical and human factors research,
as well as a research information/publications center, confer-
ence rooms, and office space for HSRI staff and U-M faculty
members engaged in the multidisciplinary research programs.
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Research Information
and Publications Center

This facility provides a specialized information service for the
Institute staff and other members of the transportation
research community. lts collection includes more than 35,000
cataloged documents and more than 230 periodical titles.
The subject areas of the collection reflect the many dif-
ferent ways in which transportation problems can be
approached, with materials drawn from the literatures of engi-
neering, physics, medicine, public health, law, economics,
psychology, sociology, computer science, and other fields.
The center concentrates on obtaining the most current infor-
mation on transportation problems and making it readily
accessible to the research staff. The center also employs its
unique classified subject file to conduct retrospective litera-
ture searches, and it provides the HSRI staff with access to all
other University of Michigan library resources.

Computer Facilities

The HSRI Computer Laboratory has a Digital Equipment
Corporation PDP 11/45 digital computer and an Applied
Dynamics AD4 analog computer, and is linked to the Uni-
versity’'s AMDAHL 470V/6 computer by four on-line consoles
and a remote job-entry terminal.

The PDP 11/45 has a 144K-byte memory, two disk drives with
a total storage of 5 million bytes, two industry-compatible
tape units, floating-point hardware, an analog-to-digital con-
version unit, a high-speed printer with upper- and lower-case
type, a card reader, and a CalComp plotter. The PDP 11/45
is used as a stand-alone computer for in-house processing
jobs and for digital simulations. It also serves as a real-time
process-control system for other analytic devices, including
the HSRI rearlighting simulator.

The AD4 analog computer is used as a stand-alone computer
or as a hybrid with the PDP 11/45. In the hybrid mode, data can
be transferred back and forth between computers, and analog
programs can be initialized, checked out, and run under
complete digital control. The AD4 is also used to convert
analog instrumentation tapes to digital form for further pro-
cessing of the data on the PDP 11/45.
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Impact Sled Laboratory

This HSRI facility has an impact sled that moves on a 45-foot
track into a pneumatic decelerator to simulate crashes at
velocities of up to 75 m.p.h. and deceleration forces of up to
75 times the force of gravity. The sled itself is a 975-Ib.

test platform 6.5-ft. square. The system or device to be tested
is bolted directly to the sled or to a structure of steel
channels that are then bolted to the sled. The impact sled is
driven by a compressed-gas-powered ram, and is stopped
abruptly by impacting the adjustable pneumatic decelerator.
The sled thus operates on the principle of rebound, achieving
the desired velocity change by reversing its direction of motion
during the impact. The sled payload is 1,225 Ibs. Equipment
for acquiring and recording data includes high-speed cameras
and a 65,000-watt lighting system. Forces and accelerations are
transduced and simultaneously recorded on magnetic tape
and a light-beam oscillograph. All controls are remotely oper-
ated, using safety-interlocked electronic sequences.
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Biomedical Laboratories

HSRI biomedical facilities include animal quarters, a quaran-
tine room, an impact lab, radiographic lab, surgical lab, and
autopsy lab. The animal quarters consist of interconnected
rooms specifically designed for housing, feeding, preparing,
and examining animals used in experimental impact studies.
The impact laboratory contains an impact-test machine speci-
ally designed for biomedical impact studies at HSRI. It produces
controlled impacts in studies of animal and human cadaver
responses to forces simulating the crash kinematics of vehicle
occupants. The machine uses 6-lb. or 20-Ib. pistons operated
in velocities ranging from 3 to 120 m.p.h., and can deliver
up to 22,000 foot-pounds of energy. An accelerometer and
inertia-compensated force transducer are mounted directly
behind the striker plate, and piston displacement is recorded
by a photo-transistorized optical transducer. An oscilloscope
and high-speed cameras record force times, displacement
times, and acceleration times. The radiographic laboratory
includes an examination room, a dark room, and a hospital-
type Picker Radiographic and fluoroscopic unit with a capacity
of 300 MA and 140 RvP. The surgical facility, used by HSRI
biomedical staff and by U-M Medical School physicians and
physiologists conducting cooperative or HSRI-sponsored
research studies, contains a preparation room and an oper-
ating room. The autopsy laboratory is designed to support
gross dissection of either cadaver or primate materials. It is
equipped with overhead surgical lights, a Lipshaw LM-10
autopsy table that can be rotated 180 degrees, refrigerator
and freezer storage units for maintaining tissues under con-
trolled temperature and humidity, and a portable morgue unit
for cadaver storage.




Impact Barrier Test Facility

The full-scale impact-barrier test facility developed by HSRl is
used to evaluate the crash dynamics of vehicles traveling at
velocities of up to 55 m.p.h. The test facility consists of a70-ton
reinforced concrete barrier (similar in function to the SAE )850
barrier), a 100'-by-100" paved apron in front of the barrier,

a 670" roadway with a guide rail embedded in the road surface,
a camera pit below the impact site, and a building that houses
the two-cable winch. The versatile continuous-loop method of
propelling the test vehicle permits it to be towed at very
accurate speeds, either into or away from the barrier. This
allows not only precise barrier-impact testing but many other
types of accurate “at speed” vehicle tests.
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Materials Testing Laboratory

HSRI facilities for testing the behavior of materials subjected
to various loading conditions and speeds include a Plastechon
high-speed universal testing machine, an Instron low-speed
universal testing machine, an MTS torsional actuator, and an
Unholtz-Dickie electromagnetic linear shaker system.

The Plastechon uses a closed-loop ram system to test mater-
ials in compression or tension under loads of up to 12,000
Ibs., applied at velocities of from 20 to 30,000 inches per
minute. A servo-control mechanism ensures constant ram
speed regardless of load variations, and the machine can
apply cyclic deformation ranging from sinusoidal, triangular,
and square waves to random inputs.

The Instron machine can supply loads of up to 10,000 Ibs.
at speeds ranging from .02 to 20 inches per minute. It has
a moving crosshead operated by two vertical drive screws,
and a positional servomechanism for precise control of the
crosshead movement.

The MTS torsional machine is a hydraulic servocontrolled
rotary actuator that can produce up to 280° rotation with a
torque capability of up to 7,000 in.lbs. The system can be
cycled dynamically up to 100 Hz.

The Unholtz-Dickie shaker system has a peak sine-wave force
rating of 300 Ibs. and a frequency range of from 0 to 8,000
Hz. The shaker is coupled to a Spectral Dynamics automatic
mechanical impedance analysis system.



Statistical Research System (SRS)

The Statistical Research System (SRS) maintained by HSRI is
a package of data handling and processing programs for anal-
yses of accident, driver, and vehicle data. The SRS is a version
of the OSIRIS package widely used in the analysis of social
and scientific data. SRS is resident on the University’s
AMDAHL 470V/6 computer and may be operated in either
batch or conversational mode via teletype terminal. The system
is a group of application programs and a subroutine library.
Twenty-eight programs are accessed by a unique reference
number. The system permits analyses of large data sets by
processing magnetic tapes or direct-access files. Control oper-
ations for handling magnetic tape are performed by the pro-
grams and are transparent to the user. Subsidiary data-
management programs developed by HSRI permit inexperi-
enced users to apply the SRS to accident data files maintained
at the Institute.
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Mobile Truck Tire-Brake Tester

Constructed by HSRI under MVMA sponsorship, this over-
the-road apparatus is a semitrailer towed by an instrumented
highway tractor. Its function is to measure the longitudinal
shear-force properties of truck tires ranging in size from
6.50-20 to 18-22.5 inches. The test tire is mounted centrally
on the trailer and can be vertically loaded through an adjust-
able air spring to a maximum of 20,000 Ibs. The test wheel
is supported by a parallel-arm suspension that maintains a
zero camber angle as the tire follows undulations in the
pavement surface. A large disc brake provides braking torque
to the test wheel in response to servo commands through a
brake-pressure control system. Brake torque and the longi-
tudinal and vertical components of tire force are transduced
through a strain-gauge load cell. Wheel angular velocity is
measured with adirectly driven tachometer. These datasignals,
together with a fifth-wheel output of road speed, are condi-
tioned in the tractor’s instrumentation system and recorded on
both magnetic tape and a light-beam oscillograph. An
on-board watering system is used for wet-surface testing. This
apparatus is being employed to examine the mechanics of tire
brake-force generation as influenced by vertical load, road
speed, pavement texture, surface wetness, tire tread design
and rubber compound, and dynamic factors in the lockup
process.

Mobile Tire Tester

The HSRI mobile tire tester, consisting of a retractable test
wheel mounted on a modified tandem-axle commercial trac-
tor, is used to measure tire braking, driving, and cornering
forces on public roads or specially prepared surfaces. The test
wheelaccommodates any size passenger-car tire and can apply
vertical loads of between 600 and 2,000 Ibs. at road speeds
of up to 55 m.p.h. The test tire is driven by an independent
motor at programmed speed variations, from locked wheelto a
speed exceeding the road speed of the tractor. The test tire
may also be steered at angles of up to 18° to study the
influence of driving or braking on tire cornering. For wet
testing, an on-board watering system deposits a uniform layer
of water on the test road. The tester is instrumented for
measurement of the longitudinal and lateral forces produced
by particular tire-road combinations.
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Flat-Bed Tire Tester

The flat-bed tester is used to obtain precise measurements

of the mechanical characteristics of rolling and standing tires.

Itaccommodates passenger-car and truck tires ranging from 24
to 44 inches in diameter and can apply vertical loads of up to
10,000 Ibs. The device is designed for low-speed tests at steer
angles between £90° and camber angles between +20°,

and is instrumented to measure the three forces and three
moments developed by the tire. Automatic data scanning and
logging by on-line analog-to-digital converters and digital tape-
recording equipment provide efficient data recording for rapid
processing to the HSRI PDP 11/45 computer.
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Variable Braking Vehicle

This research tool was designed and constructed at HSRI to
study human factors in man-machine interactions during
braking, to conduct engineering evaluations of innovative
brake system configurations, and to determine the ability of
diagnostic devices to detect degradations in vehicle braking
performance. The vehicle has a control and instrumentation
system for programming, controlling, and monitoring the
braking action at each rear wheel. The central component of
the system is a special-purpose analog computer that serves as
an electronic analog of brake system performance. The com-
puter commands two electrohydraulic control systems that
independently actuate the left and right rear brakes of

the vehicle.

Vehicle Lighting Research Instruments

These HSRI resources include automobile and motorcycle
headlighting test vehicles, three computer programs for simu-
lating the night performance of headlighting systems, two rear-
lighting test vehicles, and a rearlighting simulator.

The headlighting test automobile is equipped to control up to
14 headlamps operated in various combinations of number,
aim, beam patterns, and intensities. It also carries devices
for sensing targets and recording target location and visibility
distance. The headlighting test motorcycle is equipped to
allow rapid change of one or two pre-aimed headlamps or the
use of headlamps whose aimis adjustable while the motorcycle
is in motion. Its capabilities include target sensing and the
recording of visibility distances and analog data such as roll
angle or yaw rate.

The headlighting-vision model consists of computer programs
that compute driver-visibility distances and glare values during
simulated meetings between vehicles equipped with various
headlighting systems. The topography-vision model also com-
putes driver-visibility distances and glare values, but takes into
account complex topography. It can produce a plot of the
scene along with distances at which targets become visible.
The sign-vision model computes the legibility distance of road-
way signs as a function of legend and background brightness,
derived from the reflectivity of the material, the headlamp
system parameters and values, and the location and orienta-
tion of the sign.
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Driver Performance Research
Instruments

HSRI resources for research on driver performance include a
TV-display driving simulator and an eye-mark recorder. The
closed-loop TV-display driving simulator consists of a road
path on a 40-ft. continuous motor-driven belt, with a TV
camera mounted above the belt. The test subject views the
camera image in a TV monitor through a simulated wind-
shield frame, and operates a steering wheel and braking and
acceleration controls in response to yaw and lateral camera
movements introduced by the experimenters. The input dis-
turbances and the subject’s responses are recorded on mag-
netic tape for subsequent analyses. The eye-mark recorder is
an optical headgear device worn by test subjects to measure
and record how they use their eyes during driving. The head-
gear positions a lens between the driver’s eyes and projects
a light spot on the cornea of one eye. The road scene
viewed by the lens, along with the light spot reflected by
the cornea, is imaged on the face of a small TV camera
tube. These are recorded on videotape for later analyses of the
frequency and duration of eye glances at various points ahead
of the vehicle under various light conditions and driving
situations.
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Mathematical Models of
Crash Victim Motion

A series of mathematical models of the interaction between
a human (vehicle occupant or pedestrian) and a motor
vehicle (interior or exterior) has been developed at HSRI.
The models are used to analyze the motions of humans during
simulated crashes. Two-dimensional models are used to
simulate front and rear impacts, including horizontal, vertical,
and pitch decelerations. The models have been used to
study belt material properties, belt slack, belt geometric
configurations, airbag effectiveness, the effect of variations
in the properties of the neck on injury susceptibility, and
other topics. Specific sections of the model simulate the real
line of the vehicle interior, an inflating airbag, an energy-
absorbing steering column, and the most advanced three-
point belt system. Three-dimensional models have also
been developed to provide insight into the occupant motions
during lateral and oblique impacts, rollovers, spinouts,

and other forms of crashes that produce three-dimensional
occupant motions. Non-symmetric restraint systems are
also included. The three-dimensional models incorporate

a wide range of moving-contact surfaces used to simulate
airbag deployment and occupant-compartment deformations
caused by intrusions.

Vehicle Dynamics Simulation Programs

HSRI has developed several computer simulation programs
for predicting the longitudinal and directional responses

of passenger cars, trucks, tractor-semitrailer vehicles, and
passenger-car/trailer combinations. These programs contain
provisions for representing various tandem suspensions,
brake systems, anti-lock systems, tire shear-force character-
istics, steering system compliance and kinematics, and
fifth-wheel or hitch designs. The programs compute load
transfer during dynamic maneuvers. Though the programs
contain many degrees of freedom, including wheel-rotation
dynamics, special techniques have been developed to
make them economical to run.



