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PREFACE

The bulk of the data and documents used to produce this report were
collected and provided by Mrs. A. Grimm, who is Coordinator, Research
Information and Publications, University of Michigan Transportation Research
Institute (UMIRI). The report, itself, was prepared by Mr. L. Segel, who
is Head of UMIRI's Engineering Research Division and is a Professor of
Mechanical Engineering and Applied Mechanics in The University of Michigan's

College of Engineering
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I INTRODUCTION

The purpose of this document is to assemble, on behalf of the General
Motors Corporation, information and data (residing within the files of the
Transportation Research Institute of The University of Michigan) regarding
organizations which have a capability for conducting analytical and experimental
studies in the field of motor vehicle handling. To the extent that it has
proved feasible to do so, this survey is international in scope. However, no
attempt is made to interpret "motor vehicle" in its broadest sense; rather,

emphasis is given to the motor car.

It is the author's understanding that General Motors has a twofold
objective: (1) it would like to compile a comprehensive picture of the
capabilities of organizations which constitute its competition in the automotive
world; (2) it would like to obtain a comprehensive view of research
organizations and personnel who constitute an external resource in the field of
vehicle handling. This objective is indeed ambitious and to satisfy this
objective, in an ideal manner, the following types of information should be

obtained:

1) descriptive information

2) number of staff

3) computer facilities

4) test facilities

5) office and laboratory area
6) budget

7) billing rates

8) etc.

In practice, we found that our data resources (e.g., personal files,
UMTRI Library) were not sufficiently detailed to provide information on each of
the above listed items for each organization that is identified and surveyed in
this report. In fact, the information gaps with respect to each of these
objective entities are sufficiently large that the idea of presenting this

survey in a tabular form was abandoned. Rather, the report consists of a



summary narrative which directs the reader to more detailed information, as

presented in a large number of appendices. For the benefit of the reader, the

report opens with an "executive summary" which attempts to summarize, as briefly

as possible, the status of the engineering and research enterprise which is

currently addressing the topic of vehicle handling. This summary is followed by

a narrative which is organized into seven categories, namely:

1.0
2.0
3.0
4.0
5.0

6.0
7.0

Motor Vehicle Manufacturers

Tire Manufacturers

University Affiliated Research Institutes

Private Research Organizations

Research Organizations Created by and Supported by the
Motor Vehicle Industry

National Laboratories

Individual Academicians

The report concludes with copies of material selected both from personal files

and the UMTIRI Library, as called out in the preceding narrative.




II EXECUTIVE SUMMARY

The identification of resources in the field of vehicle handling is
difficult, particularly within the private sector. In general, three
observations appear to be worthy of being recorded here. One is that motor
vehicle firms outside the U.S. appear to have different criteria than U.S. firms
for deciding how much capital should be invested in laboratories and facilities
which relate to obtaining a better understanding of the physics of the motor
vehicle. 1In general, the European engineer and the Japanese engineer seem to be
more generously supported than their typical U.S. counterparts. Whether this is
a reflection of differences in U.S. and non-U.S. markets regarding customer
demands for certain performance characteristics or a reflection of managerial

and business philosophies is not clear to this writer.

The second observation is that the education of engineers in Europe
differs from that of engineers elsewhere (i.e., in the U.S. and Japan), in that
European educational practices encompass much more specialized training in
automotive engineering and work towards producing a practitioner of the
engineering profession rather than a graduate who has basic skills and
knowledge. This practice is carried to the extreme in Germany where it is
rather common for engineering students to obtain a doctorate in automotive
engineering and for companies to utilize such graduates for providing
engineering leadership in the managerial and executive ranks. Whether there are
long-term implications of these differences in educational policies in regard to
the competitive stance of G.M. vis-a-vis its European competition constitutes a

question that is not answerable without serious inquiry and reflection.

Finally, it is possible to observe that vehicle handling research in
the U.S. tended to be exclusively pursued within the private sector until the
time that the motor vehicle industry became a regulated industry. Such was not
the case in Europe, where technical universities provided a scholarly ambiance
for research involving the motor vehicle, with ride, handling, and braking

issues being addressed by academicians as well as engineers in the private



sector. Further, it must be noted that the motor vehicle production enterprise
was never as laissez faire in Europe as it was in the U.S. The historical
record shows that motor vehicle design experienced regulatory constraints in
Europe and Japan long before regulatory constraints were introduced in the U.S.

on a national scale.

With regard to the possibilities of engaging an outside organization to
provide external support on a project which requires expertise or test
capabilities in the area of vehicle handling, the opportunities in the U.S. are
different from those which exist abroad. Specifically, one finds that there are
very few university-affiliated research organizations in the U.S., but, on the
other hand, there exists a modest number of private research organizations. 1In
Europe, however, there is a substantial number of university-affiliated research
organizations, but a much smaller number of private firms. On the other hand,

these private firms (e.g., Lotus and Porsche) are able to provide services that

could not be matched by the remainder of the research community.




ITI INFORMATION SUMMARY BY CATEGORY

1.0 MOTOR VEHICLE MANUFACTURERS

Identifying the resources devoted by motor vehicle manufacturers to
research, design, and development activities dedicated to achieving a product
with good handling characteristics is almost impossible. Further, to obtain
insight as to the extent to which the various motor vehicle manufacturing firms
organize their engineering activities to ensure that adequate attention is given
to handling properties is most difficult., Accordingly, most of what follows is
based on a minimal amount of hard supporting data and tends to be rather

anecdotal in nature.

1.1 Domestic

1.1.1 Ford Motor Company. Ford engineering personnel concerned with

handling issues appear to be scattered throughout the organization and it is
difficult to identify where the current and advanced engineering
responsibilities lie. At the research end of the spectrum, it appears that
their concern for various aspects of vehicle dynamic behavior (including ride)
resides within a so-called "Vehicle Concepts Research Laboratory." This
Laboratory includes three departments, viz., "Vehicle Methods and Components,"
"Vehicle Concepts," and "Vehicle Systems." The Laboratory is headed by a Dr.
C.L. Magee whose specialized background is in the mechanics of structures.
Reporting to the head of the Vehicle Methods and Components Department, however,
are a number of engineers who could be labeled as 'vehicle dynamicists" and who
are concerned with ride and handling issues. Facts related to number of

personnel, computer facilities, laboratory facilities, etc., are not available.

Because of UMTIRI's strong highway safety orientation, we have been able
to perceive that a portion of Ford's interest in vehicle handling resides within

their "Automotive Safety Office" (Environmental and Safety Engineering Staff).



Although this group does experimental work requiring the measurement of vehicle
responses to steering, they apparently have not seen fit to invest in a
directional response measurement package, since they have elected to rent

UMTRI's Humphrey unit on numerous occasions.

With respect to Ford's proving ground test facilities, it is known that
their Arizona Proving Ground (see Appendix A) contains a l7-acre asphalt-paved
surface for purposes of vehicle dynamics testing. We have heard Ford personnel
refer to a handling track and a circular "skid pad" at their small test facility
adjacent to their engineering center in Dearborn. It is possible that this
latter facility has been described in an SAE publication, but we have been

unable to locate such a document.

1.1.2 Chrysler Corporation. The absence of any organizational

breakdown in their corporate telephone directory makes Chrysler even a bigger
enigma than Ford. It is known that there are vehicle dynamics personnel both at
the Proving Ground in Chelsea and at the engineering offices in Highland Park.
However, the manner in which Chrysler divides up current engineering, advanced
engineering, and longer-term research endeavors is not evident. The Company
does appear to be highly centralized and apparently has all of its technical
support personnel (including computing facilities plus other laboratories) under
the direction of one manager (R. Brauberger). A recent meeting with seven
Chrysler staff members gave UMTRI the impression that Chrysler goes to
considerable effort to ensure that their staff remain abreast of the latest
technological developments which impact on product design and manufacturing
methods. It appears that Chrysler has been engaged in a major expansion of

their central computing facilities which consists of CDC equipment.

Their vehicle dynamic test facility (see Appendix B) has an area of 18
acres. In general, this proving=-ground facility appears to be in excess of the
firm's needs, with the result that Chrysler makes this facility available to
outside parties at rates quoted in an established fee schedule. (UMTRI, for
example, has made use of their vehicle dynamics test area on numerous

occasions.)



l1.1.3 American Motors Corporation. Since no organization chart could

be uncovered and the telephone directory has no departmental breakdown, we are
unable to say anything substantive about the extent to which American Motors
devotes resources to vehicle handling matters. Rather than speculate on this
issue, we merely provide, in Appendix C, a layout of the American Motors Proving
Ground in Burlington, Wisconsin, on which a skid pad and a ride and handling

loop are identified.

1.2 European

1.2.1 Volkswagenwerk AG. The technical literature gives considerable

evidence of VW's substantial interest in, and involvement with, vehicle handling
topics. Their efforts in developing a driving simulator are well known and,
given that Dr. Ernst Fiala (formerly, the professor in charge of the automotive
engineering program at the Technical University of Berlin) has risen to the
highest echelons of Company management, it is not surprising that research

endeavors have been given a high priority.

Currently, the director of VW's Research and Development Division is
Dr. Ulrich Seiffert. 1In 1977, at the ISATA Symposium on Automotive Technology
and Automation, he described some of the facilities which VW has at their
research and development center in Wolfsburg. It is clear that VW has a test
track and a wind tunnel in close proximity to its safety test center, R & D test
area, and "prototype factory." Of particular interest, is their vehicle
dynamics test area (500 meters by 500 meters) which they claim makes it the
largest facility of its kind in Europe. A detailed description of this
facility, together with a description of the equipment which enables them to
perform handling tests by remote control, is given in Appendix D. Data on
number of staff devoted to vehicle handling engineering and/or research

activities are not available.

l.2.2 Daimler Benz AG. The instrumentation and measurement methods

used by Daimler Benz to evaluate the handling of automobiles is outlined in a



lecture (see Appendix E) which was given by Dr. Adam Zomotor in 1981 at the
International Center for Mechanical Sciences (Udine, Italy). In addition to
this information, which can be directly compared with the methods employed by
GM, we can note that Daimler Benz has a complemenf of wind tunnels (including a
tunnel* large enough to conduct tests on full-scale automobiles) and crosswind
test facilities (plus special pavement-imbedded instrumentation) to measure the
lateral drift of a car in a sidewind. Details (in German) relating to this

latter test capability will be found in Appendix F.

1.2.3 Volvo Car Corporation. No specific information has been found

which speaks either to staff or facilities devoted to handling engineering and
research by Volvo. It can only be noted that Volvo has seen fit to devote
significant energies to vehicle handling studies, as have been disclosed and
presented by Mr. Friedrich Jacksh at ESV conferences and in papers published in

various journals.

Evidence also exists to indicate that the truck design and
manufacturing portion of the Volvo group has been, and is currently, concerned
with truck ride and handling issues. However, no definitive or objective

statements can be made.

1.2.4 Saab-Scania AB. The variety and scope of Saab-Scania's product

line suggest that it is, relatively speaking, a high-tech organization

*A, Kuhn, "Der grosse Daimler Benz Windkanal," ATZ 80 (1978) 1, p. 27.



as expected in view of its aircraft design and manufacturing activity. Whereas
no data are available to indicate the breadth and depth of their activities and
facilities relating to motor vehicle handling, it is known that, in the early-
and mid-seventies, the computer simulation capabilities of the aircraft side of
the Company were being brought to bear on issues faced by the motor car

division.

More recently, Saab-Scania has sent engineers to a course on truck
mechanics taught by UMIRI staff in the United Kingdom and has subsequently
engaged UMTRI personnel to repeat this course at their facility. During this
event, the quality and training of Saab-Scania staff (as perceived by UMIRI

personnel) appeared to be excellent.

1.2.5 Other European Manufacturers. Unfortunately, no data could be

found which speaks to the investments in staff and facilities being made by
firms such as Renault, Citroen, Peugeot, Audi, BMW, Ford (overseas), Jaguar,
Morris, Rover, Alfa Romeo, Ferrari, Fiat, and Lancia. Several firms (e.g.,
Porsche) are known to have invested heavily in tire dynamometers and one can
presume that a portion of the motivation for this investment stems from their
appreciation of the tire mechanics involved in handling maneuvers. Firms such
as Porsche and Lotus provide engineering research and development services to
other car-producing firms and thus are listed in Section 4.0--Private Research

Organizations.

1.3 Japanese

1.3.1 Toyota Motor Company, Ltd. Information regarding the

capabilities of Toyota in vehicle handling engineering and research derives
primarily from personal observations made during my two-month stay (March/April
1975) in Japan under the auspices of the Japan Society for the Promotion of
Science. The visit to Toyota was 2-1/2 days in length and the briefing effort
reflected their gratitude for UMTRI's hosting of two young Toyota engineers

during the years 1968-70.



The visit began with a tour of their Higashifuji Technical Center which
contﬁins their primary outdoor test facility. Although I do not have any
quantitative data, my notes show that I was very impressed with their test
facilities. With respect to making comparative judgments, my point of reference
was the GM Proving Ground which I have toured on several occasions. It is
sufficient to say that I was most impressed--they have a large vehicle dynamics
test area and a large amount of laboratory space. It was clear that Toyota was
influenced by UMTRI's work on limit maneuver measurements--they had a car with
an automatic controller complete with an on-board function generator,
telemetering system, etc. They also had a large mobile tire dynamometer and an
inertia measurement device. The "Vehicle Testing and Research Department" at
Higashifuji contained a:

Test Engineering Section

Test Operations Section

Vehicle Dynamics Laboratory

Vehicle Brake Performance Laboratory

Concept Engineering Laboratory

Vehicle Safety Research Laboratory
It should be noted that the Vehicle Dynamics Laboratory possessed a small wind

tunnel and a very large crosswind-generating facility which was most impressive.

As was noted earlier in a letter to Mr. Eberle (then President of MVMA)
dated June 26, 1975, in which I observed that the "engineering enterprise in
Japan [appears to be] supported more liberally with capital expenditures than is

"

true for the smaller motor vehicle firms in the U.S.," it appears that part (or
perhaps all) of the reason for this state of affairs is that the Japanese
carefully observe what others have done and are inclined to assume that if
others have seen fit to create a particular facility, then their engineers
should be given a similar facility, or perhaps an even better facility.

Clearly, it is not possible to know whether their facility decisions reflect
their own independent analyses, or whether they have been influenced by external

events. Irrespective of whether the Japanese are leaders or followers, the

10



Toyota visit gave ample evidence that Toyota executives were inclined to be most

generous in response to requests originating from their engineering departments.

As a final remark on Toyota, it should be noted that they saw fit to
identify a laboratory as a "vehicle dynamics laboratory." This practice is also
followed by other Japanese firms (as will be noted later) and appears to be in
marked contrast with practices in which the title of a group or laboratory may
imply that vehicle dynamic behavior is a matter of concern but does not

explicitly so state.

1.3.2 Nissan Motor Company, Ltd. Again no hard data, but Nissan's

concern with handling issues can be perceived on the basis of (1) discussions
and (2) observation of their facilities. Two days were devoted to visiting
Nissan, with the first day devoted to touring their proving ground, safety test
laboratories, and central engineering laboratories. Their full-écale wind
tunnel (see Appendix G) was most impressive and their test tracks, skid pads,
etc., appeared to be well conceived--very compact, with everything adjacent to
the factory. Nissan had seen fit to create four (or five) automatically
controlled cars for test purposes. They used electric drive and, in my
judgment, the engineering of these units was not very impressive. They also had
a chase car equipped with a second set of controls (steering wheel, brake pedal,
and accelerator) to generate the command signals sent by radio transmission to

the test car. (The logic of this arrangement was not obvious.)

At the Central Engineering Laboratories, they had a number of driving
simulators which had varying levels of complexity--with the most complete system
being rather impressive. (I do not recall their rationale for creating these
simulators, although it was clear that they were devoting considerable effort

towards obtaining a better understanding of the driving process.)

On the second day at Nissan headquarters, movies were shown which
revealed that they had designed a driver-vehicle study having some similarity to
work that GM is reputed to have conducted. My notes state that these films

"depicted a driver approaching a series of plastic mockups of the front end of a

11



car which darted into the path of the [test] car. The plastic cars were pulled
into the lane by bungee cords triggered by the test vehicle passing over a tape
switch. The fake cars were triggered at random and sometimes did not get
triggered at all. A variety of approach speeds were used which the driver was
forced to maintain, requiring that he maneuver in order to avoid hitting the
fake cars. A constant time interval was used in triggering the obstacle. In
general, they found greater differences between drivers than between cars." My

notes state that this work is continuing.

The personnel met during the visit in 1975 have advanced to positions
of higher responsibility. It is of interest to observe that the chief of
Nissan's Research and Development Office in 1975 had obtained his masters degree
in mechanical engineering from The University of Michigan. Further, the person
who currently is "General Manager, General Planning Department, Product
Development Office" came to the U.S. as a young man in 1959 (approximately) to
observe the vehicle dynamics research being conducted at the Cornell
Aeronautical Laboratory. He stayed for a period.of several months prior to
enrolling as a graduate student at Princeton. This engineer originally had an
intense interest in ride dynamics considered as a random process, but, at the
time of my visit in 1975, was mainly occupied with the driver-vehicle studies

referred to earlier.

1.3.3 Honda Motor Company, Ltd. This company is somewhat unique in

that the research and development associated with various product lines is
performed within an independent company under the name of Honda R & D Co., Ltd.
As such, there are several Honda R & D centers, each devoted to a specific

product line.

During my visit in 1975, emphasis was given to motorcycle dynamics.
Nevertheless, I had some opportunity to see their test circuit and skid pad
facilities which, at that time, were located in the vicinity of the Suzuka
plant. Since then, Honda R & D has developed a full-blown proving ground
facility at its Tochigi Center. Unfortunately, detailed data describing the

Tochigi Center (acquired during a visit in 1982) has been misplaced. It can be

12



stated, however, that the Tochigi Center, in conjunction with the other R & D
Centers, constitutes a most modern test facility, fully equipped for conducting

vehicle handling investigations.

During the 1975 visit, it was quite clear that Honda was concerned with
handling issues. For example, demonstrations were conducted which included:
(1) emergency lane-change comparisons of different cars, including a
variable-steering car (a Pontiac Firebird); (2) a wireless-controlled car with
servos mounted on the steering system, brake, and accelerator pedals; (3)
additional task performance evaluations of the Honda ESV and other vehicles,
with and without antiskid systems installed; and (4) evaluation of the
performance of three different "run-flat" tires. In general, it can be stated
that, whereas it was my impression in 1975 that Honda was not on a par with
Toyota and Nissan (either with respect to facilities and experience in the area
of vehicle dynamics), they appear to have corrected this state of affairs in a

remarkably short period of time.

1.3.4 Mitsubishi Motors Corporation. A one-day visit to Mitsubishi

did not provide for observations of their iaboratoty and outdoor test
facilities. After viewing laboratories devoted mainly to durability testing and
touring a truck assembly plant, Mitsubishi engineers (both car and truck) saw
fit to conduct a broad-ranging discussion on a variety of handling issues and
problems that they were encountering on both their car and truck product lines.
Whereas it was not particularly unusual for car engineers to be discussing and
pondering these issues, it was mind boggling to see truck engineers engaging in
similar discussions. During this discussion, I learned that Mitsubishi had also
developed a remote-control motor car for limit-maneuver testing. It should be
recalled that, during 1975, Mitsubishi and all other Japanese firms exporting to
the U.S. were heavily caught up in the effort to meet safety standards being
promulgated by NHTSA.

1.3.5 Mazda Motor Company (formerly Toyo Kogyo Co., Ltd. No data are

available regarding staff and facilities. A visit to the Toyo Kogyo Proving

Ground was cancelled, in light of the five hours driving time required to make

13



the round trip. Further, the absence of any prior contact with Toyo Kogyo

personnel made this visit somewhat more stiff and formal, as compared to visits
to other Japanese companies. The meeting did, however, reveal that they had a
Testing and Research Division which included a "Safety Research Laboratory" and
a "Vehicle Handling Research Section." Surprisingly, the personnel that I met
did not include any of the authors of the 1973 SAE paper, entitled "Evaluation
of Vehicle Handling and Stability by Computer Simulation at the First Stage of

Vehicle Planning."

In general, Toyo Kogyo staff gave me the impression of having a
sufficiently high level of confidence in their own abilities that they were not
inclined to spend much effort to discern what others were doing. They were,
however, keeping a wary eye on NHTSA's activities and, in common with other

Japanese firms, seemed to be very concerned about the rollover problem.

1.3.6 Fuji Heavy Industries, Ltd. This Company began as an aircraft

firm which was dissolved and reorganized after the war. It did not enter the
four-wheel motor vehicle market until 1958 and, currently, in addition to the
Subaru car, it produces industrial engines, railway rolling stock, buses, and
aircraft. 1Its proving ground facility is located immediately adjacent to its
main motor vehicle plant in Gunma. This facility included a high-speed track
(one mile in length) and other road and surface areas, as needed for vehicle
testing. A crosswind generator, consisting of three fans (plus vanes, etc., for
control of airflow) was located on site. At that point in time, the Subaru was
the only front-wheel-drive car built in Japan and tests were conducted for
demonstrating the superiority of front-wheel drive in traversing a road bump
while turning in a tight circle. (I don't recall that I was able to perceive

the differences which they were demonstrating.)

The round-table discussions, conducted subsequent to the proving ground
visit, revealed that Fuji was very much aware that their current car model rolls
over when subjected to a very rapid lane-change maneuver. They showed films of
this behavior without appearing to be self-conscious or embarrassed, prior to

explaining the extent to which they were engaged in studying the rollover

14



process, to the end that improvements in rollover immunity could be achieved.

1.3.7 1Isuzu Motors, Ltd. Given that GM owns a portion of Isuzu's

stock, it should have substantive information on their capabilities.
Nevertheless, I was so impressed with the quality of Izuzu's staff that, at the
risk of repeating what is already available to GM, I will include a few

statements in this report.

Isuzu had (in 1975) a "Vehicle Dynamics Laboratory" which was part of
their "Research and Experiment Department." This department had a total staff
of 250 people, including 100 engineers. It was divided into light- and
heavy-duty divisions, given their production of both cars and trucks. A test
track was located immediately adjacent to the engineering offices, enabling them
to demonstrate the lateral g that could be attained by the Gemini. A tour of
the installation revealed that technical information was being exchanged with
GM. All in all, they appeared to be a first-class outfit who had an excellent

grasp of vehicle dynamics theory and practice.
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2.0 TIRE MANUFACTURERS

It is known that tire couwpanies supplying tires for passenger cars find
it useful to conduct their own handling studies of prospective tire-vehicle
combinations. Nevertheless, an identification of the resources devoted by tire
companies to this particular topic is more problematical than is the case for
motor vehicle firms. Accordingly, the statements which follow are based only on

personal contacts and visits.

2.1 Domestic

2.1.1 Goodyear Tire and Rubber Company. I believe that GM has been

briefed in some detail by Goodyear personnel regarding their activities in the
tire-vehicle interaction area. The photographs provided in Appendix H give the
reader some idea of the vehicle instrumentation and data processing capability
that Goodyear has acquired fairly recently. The size of the group using this
equipment and its relationship to tire research and/or development is not known

to the author, however.

2.1.2 Firestone Tire and Rubber Company. It is only possible to state

that, within the Central Research Laboratories of the Firestone Tire and Rubber
Company, a decision has been made to develop an increased capability for
analyzing, modeling, simulating, and measuring the directional behavior of
tire-vehicle systems. In this connection, the laboratories have given Dr. Sunil
Jha (formerly a senior researcher in the area of vibration and noise at the
Institute of Sound and Vibration, University of Southhampton) responsibility for
developing this capability. Although there was contact at the beginning of this

endeavor, we are not currently informed on their progress.

2.1.3 Other Domestic Tire Companies. Uniroyal, going back to the time

when Dr. Bull was the director of research, has had a long history of being
concerned with the properties of the tire that influence its performance as a
vehicle component. Judging by the nature of their publications, this interest
continues today, but the extent to which they currently conduct a substantive
effort to examine the handling of prospective tire-vehicle combinations, either

by analysis or test, is not known.

16



Approximately the same remarks can be made with respect to the B.F.
Goodrich Company and the Gencorp Company (formerly the General Tire and Rubber

Company).

2.2 European

2.2.1 Societa Pneumatici Pirelli S.p.A. Pirelli produces a full line

of tires for a broad spectrum of motor vehicles. By virtue of its investment in
an automotive proving-ground facility (see Appendix I) comparable to what might
be owned by a major vehicle manufacturer, and on the basis of the type of
publications which originate from Pirelli staff (going back to the period of Dr.
Chiesa), it appears that this company has made, and is still making, a major
commitment towards developing an improved understanding of the statics and

dynamics of tire-vehicle systems.

In June, 1984, I visited Pirelli in Milan. I saw their tire-mechanics
laboratory and was briefed by several staff members. On the one hand, their
equipment for measuring the quasi-static characteristics of tires seemed to be
rather low budget in contrast to their investment in a proving ground. On the
other hand, Pirelli seemed to be much more interested in the dynamic
characteristics of tires than I would have expected. My recollection is that
Pirelli had invested in tire dynamometers having a dynamic test capability to a

greater extent than was invested in quasi-static test devices.

Pirelli appeared to be reasonably advanced in the use of computers for
design and simulation and had several pieces of hardware which I had not seen
before. (As an item of interest, I noted in a recent visit (September 1984) to
the Tire Research Laboratory in Moscow that their computing facilities bore a
great resemblance to what I saw in Milan. Later in the day, I learned that the
Pirelli Company had provided technical assistance to the tire industry in the

Soviet Union.)

As a final remark, I can state that Dr. P. Bandel (the director of
research at Pirelli Tire) and his associates appear to have a substantive

understanding of tire mechanics and the manner in which the tire influences the
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behavior of tire-vehicle systems. My guess is that vehicle manufacturers in
Europe probably find Pirelli to be very helpful and productive in a

car-development project.

2.2.2 Michelin. No information could be found which shows how and to
what extent the parent company in France addresses the problem of matching tires
to a vehicle to achieve good handling. Our only contact with Michelin personnel
has involved staff assigned to their operations in the U.S. For example,
Michelin has seen fit to send several engineers to The University of Michigan
Engineering Summer Conference Course entitled "Mechanics of Heavy-Duty Trucks
and Truck Combinations." On another occasion, I had an opportunity to meet with
Michelin engineers engaged in defending the Company against plaintiffs in law
suits and found their understanding of the directional mechanics of tire=vehicle
systems to be rather pedestrian. I would speculate that Michelin staff in
France are more solid individuals, but, given their reputation for secrecy, I
doubt that it is possible to size them up, unless a buyer-supplier relationship

exists.

2.2.3 Dunlop Limited. Detailed facilities and staffing data are

lacking. Although I visited their operation in Birmingham in 1956, I do not
recall any details other than seeing their cornering force measurement machine
which was noteworthy because of its age. Dunlop, being the first company to
make tires, has a long history of pioneering in the field of tire
force~and-moment properties measurement. This history is well known because of
the many publications which have been prepared by Dunlop personnel, most notably

Eric Gough.

However, the extent to which Dunlop engages in activities devoted to
advancing the handling of a tire-vehicle system is not immediately evident. A
recent Dunlop technical presentation (see Appendix J) suggests that Dunlop takes
very seriously the requirement to provide tire mechanics data to the vehicle
manufacturer. This same publication also shows that the Tire Research
Department of the Tire Technical Division of Dunlop Ltd. saw fit to develop a
tire force and moment dynamometer capable of making dynamic measurements as well
as quasi-static measurements. In this regard, Dunlop appears to have adopted a

test posture which also appeared to exist at Pirelli.
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2.3 Japanese

2.3.1 Bridgestone Tire Company, Ltd. In 1975, when I visited

Bridgestone, this Company had approximately 50% of the tire business in Japan.
Clearly, they were very successful and this success showed in the size of their
technical center and the quality of the buildings devoted to engineering and
development. Whether any portion of this success could be attributed to their

technical arrangement with Goodyear is not known.

From my perspective, the total operation--factory and technical center,
including the various test buildings and skid pad--was most impressive. It was
all relatively new, with the factory dating from the early sixties and the
technical center from the late sixties. Up-to-date and large amounts-of A
computational equipment were in evidence. They had a very large flat-bed tire
tester set up with three separate test frames which could be rolled into place
on rails. This tester had a built-in calibrating system. They also used dead
weights for loading the tire, thereby simplifying their load cell measuring
system. As I recall, the Japanese made no effort to design this test facility

so as to look attractive--they seemed to be concerned only with function.

Surprisingly, no efforts appeared to be underway to measure tire
properties at speed on actual road surfaces. Bridgestone had an ASTM skid
trailer and they used a tethered skid pad to determine the speed at which the
rear driving wheels break loose on a wet surface. They were also using computer
simulation to address handling topics. In particular, they had developed a
driver model which could be used to close the loop in executing a lane-change
maneuver. The details could not be grasped, but it was clear that the driver
typically produces a steering input very similar to a sine wave and, further,
this input is approximately two seconds in length. My reaction, at the time,
was that Bridgestone staff are either brilliant or very lucky. It appeared
that, in this simulation, they characterized the tire by a combination of
friction-ellipse theory and the so-called Fiala model. Additional presentations
were made regarding their tire mechanics studies which (1) struck me as
impressive and (2) gave a favorable impression with respect to their

professional capabilities.
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2.3.2 Yokohama Rubber Company, Ltd. This is the number-two tire

company in Japan, since, in 1975, it accounted for 23% of the tire business. In
contrast with Bridgestone, who seemed to be doing their own thing, Yokohama
seemed to be very much aware of and influenced by the research efforts of
outside parties. For example, they appeared to be substantially influenced by
the tire traction studies that were being performed at UMTRI (under MVMA
sponsorship) in the early seventies. Accordingly, they had built separate
longituidnal and lateral force dynamometers which were installed in a small bus.
Since Goodrich (at that time) owned 33% of Yokohama, Yokohama personnel were

completely informed on A. Veith's work in the field of tire traction.

Yokohana had a large number of tire dynamometers which included a

~ capability for applying brake or drive torque. In addition, they had a large
flat-bed with a pressure probe. For many years, they have had a belt machine
which they were using sparingly, since it was worn. These dynamometer setups
were huge and were either of their own design and construction or had been built

by outside firms to their specifications.
3.0 UNIVERSITY-AFFILIATED RESEARCH INSTITUTES

The above title can be misleading. In general, it is an appropriate
title for organizations in North America, but it is not an appropriate title for
European organizations. The reason is that entities known as vehicle research
institutes are an integral part of the teaching process in the technical
universities which exist in Europe, both West and East. Contrary to the
practice followed in the U.S., Canada, Australia, and Japan where the emphasis
is on teaching major disciplines, such as mechanical engineering, European
schools of engineering almost invariably offer students the opportunity to major
in specialized fields, such as "automotive engineering." This is particularly
true in Germany, where almost every engineering school has one or two professors
who run an automotive engineering program which comprises the last two years of
a five-year educational program. To the degree that these professors manage to
develop a research program of sufficient substance as to give their institution
a substantive reputation in the field of vehicle dynamics, these institutes, or

institutions, are discussed below.
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3.1 North America

3.1.1 UMIRI. When the Highway Safety Research Institute, the
forerunner of UMTRI, was established in 1966, it was set up as a research
organization within the University's Institute of Science and Technology. This
arrangement resulted in UMTRI being detached from the various academic
departments, and this independent research status, plus an absence of support
from the general fund of the University, led to UMTRI's becoming a research
organization dependent almost completely on grants and contractual awards from
external sponsors. In this environment, the Engineering Research Division of
UMTRI has, over time, acquired a capability, in terms of facilities and staff,
for conducting research and solving problems in areas related to the mechanics
and dynamics of tire-vehicle systems. The Division currently has eleven
professional employees who are supported (currently) by a full-time staff of six
people and a varying number of part-time students. These personnel are
available to undertake research programs in areas in which the Division is
particularly qualified, provided, of course, that ongoing project commitments

permit them to do so.

An overview of laboratory facilities and a listing of staff members is
provided in Appendix K. Research efforts involving these facilities and these
personnel may be acquired by either of three methods: (1) a gift to the
University, (2) a contractual award, and (3) a purchase order for services. The
University does not have a vehicle test area of its own and therefore engages,
as required, the test areas available at various proving-ground facilities in

Michigan, Ohio, and Indiana.

3.1.2 Texas Transportation Institute. This Institute is an integral

unit of Texas A&M University, but, similar to UMTRI, does not have a primary
teaching mission, per se. Founded in 1950, it has developed into an
organization whose main research thrust is in highway transportation and whose
staff is, secondarily and in part, providing graduate instruction in highway,
traffic, and transportation engineering and structural mechanics. The Institute

is organized into eight Divisions (viz.: Economics and Planning; Transportation
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Systems; Human Factors; Materials and Construction; Safety; Structural Systems;
Accident Analysis; Special Programs) with a Safety Division organized,
originally, to develop crashworthy hardware and safer roadside structures.
Subsequently, the activities of the Safety Division were expanded to include
studies related to tire-pavement interaction; vehicle handling, stability, and

control; driver visibility; automobile fuel economy and engine emissions.

The total number of personnel comprising TTI staff is in the
neighborhood of 250 people. They are housed both on the main campus of the
University and at the Highway Safety Research Center (HSRC). Appendix L
provides information with respect to TTI facilities located at the main campus

and at the HSRC.

3.1.3 1IIT Research Institute (IITRI). IITRI is a separately

incorporated nonprofit research institute affiliated with the Illinois Instituté
of Technology. It has a staff in excess of 1600, including 675 professionals,
who are supported by research contracts with U.S. government and industry. 1Its
research activities cover a wide range of disciplines. In.view of its
capabilities in engineering mechanics (as can be applied to research in
environmental and safety engineering), IITRI has, from time to time, become
involved in studies related to the vehicle constraining performance of highway
structures and the stability and controllability of multi-unit commercial
vehicles. With respect to the latter endeavor, it can be stated that this
activity is not a major thrust of the total IITRI program. In addition, it
appears that this work has not been held in particularly high regard.

3.1.4 The Pennsylvania Transportation Institute (PTI). PTI is an

integral unit of the Intercollege Research Program of The Pennsylvania State
University. This program is administered by the Vice President for Research and
Graduate Studies and tends to be applied to research directed at environmental
or societal problems. The PTI is organized into seven major programs (viz.:
Accident Analysis; Automotive Research; Public Transportation; Traffic
Engineering; Transportation Pavement and Materials; Transportation Policy
Analysis; and Transportation Systems). Its Automotive Research Program is
concerned primarily with the interaction between pavements and vehicles. In

support of this concern, the Institute has developed two outdoor test
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facilities, namely, a Skid Resistance Research Facility and a Pavement Roughness
Research Facility (see Appendix M). In addition, PTI has developed a number of
Tire/Pavement Laboratories which include a "Stone Polishing Laboratory," a

' and a

"Moving Belt Friction Tester," a "Tire Energy Loss Test Facility,'
"Circular Track Apparatus" (see Appendix M). Appendix M also includes a
description of the so-called "Penn State Road Friction Testers" and "Penn State

GMR Profilometer."
PTI occupies three buildings which provide 20,000 sq. ft. of space for
83 personnel, comprising 41 faculty members, 3 research assistants, 22 graduate

assistants, and 17 other staff members.

3.1.5 Concordia University Vehicle Dynamics & Systems Research Group.

Although individual professors in engineering schools in the U.S. and Canada
are known to pursue a vehicle dynamics research topic from time to time, it does
not appear that, other than the "Vehicle Dynamics and Systems Research Group" in
Concordia University in Montreal, mechanical engineering departments are
inclined to single out this particular field of endeavor. The one exception,
noted above, has announced that it is actively pursuing research and development
work in the field of "vehicle suspension, handling, and ride control." A recent
brochure lists eleven people as full-time personnel and two people as 'part—time
researchers." Appendix N identifies the research facilities possessed by this
particular group. If further information is desired, it is recommended that one
examine the Concordia University document entitled "Research and Development

Activities in Vehicle Dynamics" available in UMTRI's library.

3.2 Europe

3.2.1 Vehicle Research Laboratory, Delft University of Technology

(VRL). This Laboratory serves both a teaching and research function. It was
founded in 1950, when H.C.A. van Eldik Thieme was appointed Professor Vehicle
Engineering. By 1960, VRL had become a rather substantive research organization
in view of the description of its research activities presented* by Professor
van Eldik Thieme on the occasion of the 8th FISITA Congress. Whereas some of
the research described in this paper was very likely conducted for outside

sponsors, it is believed that a significant portion was supported by University
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funds. To a large extent, this situation appears to hold true today and is a
rather remarkable state of affairs, given that the Netherlands cannot be
considered to be a major motor vehicle producing country. However, it should be
noted that this laboratory is responsible for teaching and research related to

railway systems as well as motor vehicles.

A layout of the VRL building is provided in Appendix N. It can be seen
that many of the identified test facililties are concerned with making
measurements of the properties of tires. It would not be an exaggeration to say
that this laboratory has attained a preeminent status in the tire mechanics
measurement fields A visit and an examination of their publications provides
ample evidence of the high level of expertise in design and construction of tire
dynamometers which exists within this particular laboratory. Although VRL staff
have not been prolific producers of technical papers in the open literature, it
is obvious that they are knowledgeable and capable investigators in the area of
vehicle dynamics, particularly in a laboratory setting. In additionm, the
current professor in charge of motor vehicle research (H.B. Pacejka) has
developed an international reputation as a scholar in the field of tire-vehicle

systems.

3.2.2 1Institute for Motor Vehicle Research, Technical University of

Braunschweig. This Institute serves both a teaching and research function.
Although, in principle, it does research on railway vehicles as well as motor
vehicles, the bulk of the research and most of their facilities apply to

tire-vehicle systems.

As is true for comparable institutions in Germany, the research
activities of the Institute at Braunschweig reflect the interests of the
academicians who have served as its director. During the fifties and the
sixties (and perhaps earlier), the director was Professor Paul Koessler, who,
together with Professor Buschmann, is the author of a major German text entitled
"Handbook of Motor Vehicle Technology" (previously, the "Handbook for the Motor

Vehicle Engineer"). Professor Koessler is now deceased and his successor during

*H,C.A. Van Eldik Thieme, "Experimental and Theoretical Research on
Mass-Spring Systems by the V.R.L. of the Technological University of Delft,"
Proceedings of the 8th FISITA Congress, 1960.
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the seventies and the eighties is Professor Manfred Mitschke, who is the author

of a more recent text entitled "The Dynamics of High-Speed Motor Vehicles."

These two academicians had, and still have, a strong interest in the
dynamic behavior of motor vehicles. In 1970, the research activities of the
Institute embraced the following areas: "“brakes, vehicle vibrations, vehicle
handling, tires, instrumentation and miscellaneous items." Brake research began
as far back as 1939. 1In 1954, the Institute moved into its present building.
The size of the current staff is not known. However, it employed approximately

30 people in 1970.

Although, with the information available, it is difficult to rank the
various vehicle research institutions in Germany in regard to the
substantiveness of their efforts in the area of vehicle handling, it is clear
that Mitschke and his colleagues and students at Braunschweig have been major
contributors to the vehicle dynamics research scene. Although I do not have any
hard data revealing the size of their laboratories, photographs in a report
entitled "The Institute and Its Activities" indicate that the research
installation at Braunschweig is substantially larger than that which exists at
Delft. It is possible to observe that Braunschweig has equipment which enables
them to predict vehicle behavior as well as measure this behavior. Appendix O

provides two photographic views of the Institute at Braunschweig.

3.2.3 Institute for Motor Vehicle Technology, Technical University of

Berlin. 1In view of an absence of printed material, we must rely on memory to

recall information gathered during visits in 1975, 1978, and 1979.

This Institute is at least as old as that at Braunschweig, if not
older. Its physical plant is not as new as Braunschweig since some, if not all,
of its laboratory space was built in the twenties. This estimate is based on my
being shown the small drum on which Becker, Fromm, and Maruhn performed the
pioneering tire measurements in the late twenties. It is still operational
today, although used exclusively for student instruction. As is true for
Braunschweig, the Institute in Berlin is responsible for the instruction that is
given to fourth- and fifth-year students (specializing in Automotive

Engineering) leading to the Dipl. Ing. degree.
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Subsequent to the departure of Dr. Fiala from Berlin, two men took up
the directorship of this Institute, viz.: Professor H. Appel and Professor H.P.
Willumeit. 1In general, the former is mainly responsible for their research
activities in "passive safety" (crashworthiness), with the latter primarily
responsible for research in the field of active safety. Their interest in
vehicle handling topics could be perceived by noting a substantial investment in
driving simulators, in addition to what is indicated by their publications. It
was my impression that the heads of this Institute deal directly with clients
and run, in effect, a research business with little administrative support or
control by the University. Further, as is generally true throughout Germany,

the ties between the Institute and the motor vehicle industry are excellent.

3.2.4 Research Institute for Motor Vehicle Engineering and Engines,

University of Stuttgart (FKFS). As both a research and teaching institute, FKFS

was founded in 1930. Since its founding, it has had three directors, namely, W.
Kamm (1930-1945), P. Riekert (1945-1971), and U. Essers (197l-present). Each of
these men have put their own stamp on this Institute which is considerably
broader in scope than that at Braunschweig and Berlin, in that engine research
and wind-tunnel testing are major endeavors in Stuttgart, as well as research
related to the remainder of the motor vehicle. An impression of the magnitude
of its physical plant is given by a photograph of a model of the Institute
(circa 1940) (see Appendix P). It also appears that this Institute was given a
new building in 1978 and that its already substantial investment in wind-tunnel
facilities has been augmented by the construction (1981-83) of a tunnel capable
of testing full-scale motor vehicles. (For additional information, the reader

is referred to an article in ATZ 83 (1981)1, pp. 9-14).

An ATZ article commemorating fifty years of research at FKFS contains
figures and text showing that, notwithstanding the heavy emphasis given to
internal combustion engines and vehicle aerodynamics, this Institute was, and
is, concerned with the directional dynamics of tire-vehicle systems. The figure
caption under a photograph of a tire side-force measurement facility indicates

that this machine was built in 1954/55.

3.2.5 Institute of Internal Combustion Engines and Automotive
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Engineering, Technical University of Vienna. Although the title of this

Institute implies that it has a research program which extends beyond the field
of I.C. engines, and an account of the work performed in Vienna from 1974-1984
states that they conduct "investigations in the field of vehicle dynamics,” it
is clear that, during the 1974-84 time period, very little attention has been
given to vehicle dynamics issues. Presumably, the situation was different
during the tenure of Dr. Robert Eberan-Eberhorst. However, during Dr. H.P.
Lenz's tenure, the only paper which can be identified as being concerned with
vehicle dynamics is a paper presented to the XX FISITA Congress in May 1984
(viz., E. Diem, "Systematic and Automatic Development of Vehicle-Dynamic
Simulation Models"). Further, no chassis and tire measurement facilities are
cited, thereby raising some questions as to whether the instruction in
"Automotive Engineering," "Automotive Design," and "Design and Technology of
Tires" is supported with laboratory demonstrations. Data on staff and size of

the Institute are not available.

3.2.6 Additional European Institutes. Although hard data are not

available, there are additional automotive research and test capabilities
residing within European engineering schools. Within the Federal Republic of
Germany, there should be mentioned, first, the Institute directed by Professor
Gauss (recently retired) at the Technical University of Hanover. Deserving of
mention, next, are the Technical Universities of Munich and Aachen, both of

which train students in automotive engineering.

Five-year engineering programs with courses of instruction in
automotive engineering (following the model existing in German schools and in
Delft) are known to exist at technical universities in Belgium, Denmark, Sweden,
and Finland. Because they (apparently) do little research nor publish their
findings in the open literature, they are not well known in the English-speaking
countries. In addition, there are a host of institutes (along the lines of the

German institutions) existing within the socialist countries in Eastern Europe.

3.3 Japan

As far as this writer has been able to ascertain, engineering schools

in Japan appear to follow the American model. I am not aware of any
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organizational entity in Japan which could be considered to be a

university-affiliated research institute.

4.0 PRIVATE RESEARCH ORGANIZATIONS

4,1 Domestic

4.1.1 CALSPAN Corporation. Its Advanced Technology Center constitutes

a large independent research and development organization whose origin was the
Cornell Aeronautical Laboratory, Inc. (1946-1972). Beginning with a
GM-sponsored project in 1953 on automotive stability and control, its research
activities related to ground-supported vehicles grew steadily, leading to the
formation of a Vehicle Dynamics Department in 1960 and the subsequent
establishment of a Transportation Research Department in 1967. Subsequent to
becoming the CALSPAN Corporation, a 33-acre proving ground (see Appendix Q) was
built to facilitate vehicle crash tests, handling qualities tests and other
transportation safety experiments. A laboratory tire force and moment
dynamometer capable of testing car and truck tires at speeds up to 170 mph on a

flat surface was also designed and developed.

Facilities and staff (400 professionals, 80 doctorates) are available
to conduct research under contract to outside sponsors. Within the aeronautical
and transportation engineering sector, CALSPAN has been active in (a) the
development of more crashworthy vehicles, (b) crash testing as required to
assess compliance with federal safety standards, (c) testing and simulation in
the study of human occupant dynamics, and (d) studies concerned with the
mechanical properties of tires and with the mechanics and dynamics of
tire-vehicle systems. The maintenance of staff with qualifications in these
latter areas has been difficult, however, in view of the erratic support

received from government and industrial circles.

4ele2 Milliken Research Associates. UMIRI files do not contain any

material describing this organization. Mr. Milliken is, however, well known to
many GM staff members as the single individual who was responsible for CALSPAN's
entry into the automotive research field and who, subsequent to his retirement

from CALSPAN, created his own consulting firm offering vehicle dynamics
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expertise to outside clients. It seems likely that GM staff have better

information than we are in a position to supply.

4.1.3 Systems Technology, Inc. (STI). This California-based firm was

established by its president, D.T. McRuer, to offer applied research and
development capabilities in the broad field of control systems. Staffed
originally by engineers who were concerned with stability and control issues
arising within aeronautics, STI personnel subsequently became interested in
automotive vehicles. -At present, they identify the fields of research and
development in automatic and manual control systems for all types of vehicles

(aircraft, automobiles, and ships) as being their special area of expertise.

No hard data is available at UMTRI regarding the facilities which STI
has designed and built in connection with their automotive research activities.
However, it is known that STI has developed a driving simulator. Further, they
have conducted a substantial number of field tests in the ride and handling
area, with these tests incorporating a significant human factors component.
Clearly, they have a strong instrumentation capability and they are able to draw
upon technological developments in aerospace. In 1977, STI had a professional

staff of 34 people, including 3 doctorates.

4.1.4 Failure Analysis Associates. This firm, which is headquartered

in Palo Alto, California, claims to be the largest engineering and metallurgical
consulting organization in the U.S. specializing in the analysis and prevention
of engineering failures. Recently, they purchased the 156-acre test facility
(in Phoenix, Arizona) which was previously owned by Dynamic Science, Inc. This
facility (see Appendix R) includes a two-mile oval test track, a 10-acre vehicle
dynamics test area, variable-coefficient braking surfaces, a 1200-foot powered
crash rail, a 90-foot drop tower, and some miscellaneous test fixtures. The
director of the Phoenix office is Dr. N.K. Cooperrider, who, previously, was a
member of the mechanical engineering faculty of Arizona State University. His

special area of expertise has been the dynamics of railway vehicles.

Whereas Failure Analysis Associates have traditionally provided
consulting services primarily to industrial clients, the test facility in

Phoenix was used by Dynamic Science in test programs performed (mainly) for
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government agencies. It can be assumed that Failure Analysis Associates will be
most receptive to undertaking studies in the vehicle dynamics field,
irrespective of the nature of the prospective client. Other than a knowledge of
Dr. Cooperrider's background and experience, data are lacking with respect to
other staff members. When Dynamic Science, Inc. operated the Phoenix facility,
it had (in 1977) a professional staff of 30 people covering a range of

disciplines, plus 50 technicians and auxiliaries.

4.1.5 Mechanical Dynamics, Inc. (MDI). This firm is located in Ann

Arbor, Michigan and provides dynamic analysis services to a variety of clients,
primarily industrial. It was established in 1977 by Dr. M.A. Chace to develop
and market software which had been created by him and his doctoral students at
The University of Michigan. The Company specializes in software which can
describe and simulate the dynamic behavior of multi-degree-of-freedom,
constrained, mechanical systems undergoing large displacements such that the
system behaves in a highly nonlinear manner. This software has been applied to

a number of motor vehicle design and/or analysis applicationms.

MDI does not appear to have any laboratory or field test capability.
However, no hard data exists to confirm or negate the previous statement, nor is
data in hand at UMTRI indicating the size of the organization, either in terms

of personnel or space. It is likely that GM has such information.

4.1.6 MGA Research Corporation (MGA). This firm was established by

Dr. P.M. Miller, formerly of CALSPAN Corporation, to provide engineering
services both to the public and private sector. Staff expertise lies in the
fields of vehicle dynamics, vehicle crashworthiness, test procedure design,
instrumentation development, and engine and component development, as well as
engine and vehicle noise abatement design. In-house laboratory capabilities
appear to be limited, in that MGA typically obtains facilities (as needed)
through subcontractual agreements. The firm, similarly, goes outside when
necessary to obtain a large-scale computational capability. Small-scale

computing is done in house on their own equipment.

In 1980, MGA consisted of seven full-time professionals assisted by a

number of part-time consultants. Its staffing procedures, coupled with a
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minimal investment in costly laboratory facilities, apparently enable MGA to
operate with a minimal overhead burden, leading to a research capability that is

very attractive from a cost point of view.

4.1.7 Dynamic Research. This is a small firm which is mentioned here

only because its principal staff member is Dr. David Weir, who developed
considerable stature as a vehicle dynamicist while employed by Systems
Technology, Inc. No data are available at UMIRI with regard to particulars such

as staff and facilities.

4.1.8 Transportation Research Center of Ohio (TRC). This facility is

a hybrid in that it was established by the State of Ohio, but is operated as a
private business providing test services to clients within both the public and
private sectors. TRC is an 8100-acre test facility, which reputedly makes it
the "world's largest highway and transportation research complex." Ohio's
initial investment to create this automotive proving ground facility was 30
million dollars. The Center presently contains a 7.5-mile high-speed oval track
(with two 1.88-mile straightaways), a 50-acre vehicle dynamics test area (1800
ft by 1200 ft), and a braking test facility with test surfaces 2500 feet in
length. (See Appendix S for a view of the general layout.)

TRC is primarily set up to provide a test facility to prospective
clients rather than to provide professional assistance in studies addressing a
broad spectrum of automotive development activities. It was created to make
Ohio more attractive to automotive firms. Since its establishment roughly
coincided with the increased involvement of the federal government in the
development of safety standards, a significant portion of the budget has been
devoted to creating "crash" test facilities. In addition, the National Highway
Traffic Safety Administration established its Vehicle Research and Test Center
(VRTC) at TRC. VRTC is a federally owned and operated laboratory which has been
located on State of Ohio property in order to take advantage of the substantial

capital investment which the State had already made.

It should also be noted that the close proximity of Ohio State
University to TRC has led to joint working arrangements between OSU College of

Engineering staff and TRC staff. More recently, similar working arrangements
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have been made with VRTC staff.

4,2 European

In contrast to the situation which exists in the U.S., there appears to
be very little incentive for small private groups to offer research services to
government agencies and industrial firms. On the other hand, there are at least
two, if not more, automotive firms who can be engaged by other automotive firms
to obtain assistance in a major research and/or development endeavor. The
primary examples are Porsche in Germany and Lotus in England. A completely
different type of organization, namely, "Technischen Uberwachungs-Verein" (TUV)
exists in the Federal Republic of Germany to provide the various German states
and the federal government with a wide variety of technical inspection services,
including, for example, those needed for the annual inspection of motor vehicles
and the motor vehicle type approval process. The TUV which services the State
of Rheinland is located in Cologne and includes an entity known as the Institute
for Traffic Safety. This Institute is unique in that it is not affiliated with
a technical university. However, it is staffed with professionals (many with
doctorates) who engage in vehicle handling research under the auspices (1

believe) of the federal government.
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4.2,1 Porsche. Information with respect to this firm's performance of
research and development for outside sponsors has been gathered from the
February 1984 issue of Car and Driver and from several issues of Porsche

Panorama, a monthly publication of the Porsche Club of America.

In brief, Porsche, in addition to the R and D conducted on behalf of
its own product line, conducts R and D for outside sponsors under contract. In
the fiscal year ending July 31, 1984, it is reported that their annual billing
to outside clients (numbering 40 to 45 organizations) reached 31 million
dollars. It is estimated that over 80 percent of their clients are directly or

indirectly related to the motor industry.

R and D is performed by Porsche at its Weissach experimental grounds
which was opened between 1967 and 1970. At this center (see Appendix T), 1800
people are employed, constituting 29 percent of Porsche's entire labor force.
As has been reported in the literature, Porsche has its own tire test facility
consisting of a 20-foot drum on which they measure both wet and dry traction.

They will shortly have their own full-scale wind tunnel.

Until 1974, their main external client was Volkswagen, with whom they
had an exclusive consulting contract during the thirties and forties. Although
it is Porsche's policy to keep their activities on behalf of their outside
clients completely confidential, Car and Driver has been able to identify a few

of Porsche's customers.

4,2.2 Lotus. No hard data are available, but we gather that GM is a

client of Lotus and consequently should be relatively well informed.

4.2.3 Institute for Traffic Safety. As indicated earlier, this

Institute is a part of TUV, Rheinland. As such, it maintains a motor vehicle
laboratory which can conduct tests, as required, to secure type approval for a
complete vehicle or a vehicle components. This technical service is provided to
the Federal Republic of Germany to ensure that vehicles comply with ECE
regulations in the areas of primary and secondary safety. In addition, it
appears that the Institute is also charged with developing test procedures that

relate to handling qualities evaluation. In this connection, Dr. K.
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Rompe, the director of the Institute, has, on several recent occasions,
authored papers which demonstrate the Institute's active interest in vehicle
handling. Appendix U is a copy of a paper entitled '"The Motor Vehicle
Laboratory at the TUV, Rheinland" which appeared in ATZ in 1981.

5.0 RESEARCH ORGANIZATIONS CREATED BY AND SUPPORTED BY THE MOTOR
VEHICLE INDUSTRY

Only two organizations are identified below as being in this category.
However, it should be noted that UMTRI, which was identified earlier as a
university-affiliated research organization, came into existence as a result of
a financial gift made to The University of Michigan in 1965 by the General
Motors Corporation, the Ford Motor Company, and the Motor Vehicle Manufacturers
Association of the United States. Although UMTRI, in reality, was created (and
partially supported) by the motor vehicle industry, this category is restricted
to those organizations that owe their existence to a decision on the part of
motor vehicle manufacturers (within a given country) to join forces in creating

a research or proving ground organization that would serve their combined needs.

5.1 Motor Industries Research Association=-U.K. (MIRA)

Research associations were first set up in the U.K. in 1919 by the
government, with the collaboration of various trade associations. The intent
was to stimulate manufacturing technology to enable the country to be more
- competitive after the First World War. MIRA was formed in 1946 as a classical
research association funded by member's subscriptions and government aid. It
continued to operate as such until 1970 when it was decided to change to
contract funding as being more appropriate to the economic climate. This change
was made over the period 1970-75 (see Appendix V), resulting in research and
development contracts with a variety of clients (see Appendix V), accounting for

the major portion of MIRA's current income (6.4 million dollars per annum).

Today, MIRA has a staff of over 200 people engaged in a wide variety of
automotive research. It is located adjacent to a 600-acre proving ground (see

Appendix V) containing some 26 miles of special test tracks.

Subsequent to the departure of Dr. F. Hales, who was the primary
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individual involved in establishing their vehicle handling research capability,
MIRA has continued to maintain a vehicle handling assessment and analysis
activity. MIRA has a significant instrumentation capability and is well known
for its aerodynamic test facilities, which have included a wind tunnel
sufficient in size to make aerodynamic measurements on full-scale cars since the
early 1960's. A 1976 annual report identified nine research departments, viz.,
Noise, Aerodynamics, Instrumentation, Engines, Braking and Handling, Ride and
Service Stresses, Safety, Crash Testing, Materials and Components. A visit to
MIRA in 1981 by UMTRI staff gaﬁe a very favorable reading regarding its

management and its capabilities.

5.2 Japan Automobile Research Institute (JARI)

JARI began as the Automotive High Speed Proving Ground, Inc., which was
established in 1961, presumably under the auspices of the Japan Automobile
Manufacturers Association (JAMA). 1In 1969, JARI came into being as a non-profit
public research organization under the supervision of the Ministry of
International Trade and Industry. The objective was to create a research
institute which would reinforce the research and development capabilities of the
Japan automobile industry, following the liberation in international trade in
the late 1960's.

Currently, JARI is supported by a mix of clients, but it is believed
that, over time, JARI will evolve into a contract research organization, such as
has occurred at MIRA. For example, in 1982-1983, the JARI budget was just under

5,000,000,000 yen, with this amount being derived from the following sources:

Percent
Grant in aid from government agencies: 2.2
Subscription from JAMA and others: 37.4
Contractual support: 21.5
Facility rentals: 11.2
Assoc. membership subscriptions: 0.9
Previous surplus: 2.2
Land sales: 2.6
Misc. income: 1.4
Loans: 20.4
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(No explanation was provided as to why JARI saw fit to go into debt in that

particular fiscal year.)

Twenty-four separate test facilities are identified and briefly
described in Appendix W. The Institute has four research departments and one
so-called experimental department. The research fields of the third and fourth
departments, respectively, are (1) vibration, noise, dynamics, ride comfort and
(2) tires, kinematics, controllability, stability, human engineering. The top
administrator is called "President" and, invariably has been a former
academician, beginning with Dr. Kondo, who was, in turn, succeeded by Drs.
Watari and Ohigashi. It is worth noting that Drs. Kondo and Watari were both
distinguished "vehicle dynamicists." Dr. Watari is now deceased and prior to
becoming President of JARI was a professor of mechanical engineering at the
University of Tokyo. Dr. Kondo, on the other hand, is a former aeronautical
engineer, who after the war took up automotive stability and control as his
primary field of interest. His two-volume text, entitled "Basic Automobile
Engineering" (published in 1973 and 1974, respectively), remains, today, the
standard reference work used by Japanese engineers concerned with the mechanics

of tire-vehicle-driver systems.

Personal observations (made during a visit in 1975) include noting that
"the facilities at JARI are most impressive." My notes go on to say that "the
investment in engine test and combustion research equipment is fantastic, not
to mention the tire mechanics laboratories and the electromagnetic radiation
absorption chamber and the acoustic chamber used for calibrating acoustical
instruments." At that point in time, JARI had completed building its large wind
tunnel and was in the midst of calibrating this tunnel. My general impression
was that JARI management was not particularly satisfied with their research
productivity (in 1975) and was envious (rightly or wrongly) of rates of progress

perceived as being made elsewhere.

The staff of 282 persons (June 1984) conducts research from which they
produce three types of publications, viz., Technical Reports, Technical

Memoranda, and Technical Notes. A listing of these publications indicates that
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very few research projects were completed and reported during the years of 1979,

1980, and 1981, for reasons that are not evident.
6.0 NATIONAL LABORATORIES (GOVERNMENT OWNED AND OPERATED)

6.1 NHTSA's Vehicle Research and Test Center (VRTC)

As indicated in Section 4.0, VRTC has a symbiotic relationship with TRC
of Ohio and the Engineering College of Ohio State University. 1Its mission is
defined as:

1) crash-avoidance research

2) crashworthiness research

3) pedestrian and biomechanics research

4) defect investigations, test, and evaluation

To accomplish this mission, the Center is organized into an "Engineering Test

Facility" and a "Safety Research Laboratory."

It is not known how decisions are made and priorities are set regarding
the research goals being pursued at VRTC. At the present time, the emphasis in
the crash-avoidance area is on the mechanics of braking, particularly the
braking performance of heavy-duty trucks and truck combinations. It can be
speculated that NHTSA has concluded that the only reliable way of generating a
revised heavy-duty truck braking performance standard which will stand up to
external criticism is for VRTC staff to become more knowledgeable about the
braking process than all other parties. Consequently, their current involvement
with truck braking issues, including the interaction between braking and
directional response and stability, has been sufficiently large so as to exclude

staff from devoting any significant attention to the passenger car.

Total number of VRTC staff is not known. An inertial-type brake
dynamometer of impressive size and test capabilities would appear to be their
largest capital investment to date. The Center is equipped to instrument
vehicles to conduct tests and is in possession of specialized tire dynamometers,
as built under various NHTSA research contracts. There is reason to believe

that the Center is currently in the process of designing and building its own
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laboratory facility for measuring the inertial, kinematic, and mechanical

properties of motor cars.

6.2 Swedish Road and Traffic Research Institute (VTI)

This Institute is an independent government authority under the Swedish
Ministry of Communications. 1Its activities are financed through government
grants and commissions from other authorities, organizations, and private
companies. Under its constitution, it bears responsibility for research and
development work relating to roads, road traffic, and traffic safety. The
Institute is also responsible for pursuing research and development related to
other forms of transport and traffic when such tasks are compatible with its

other work.

In support of this assignment, VII is organized into (1) a Road
Division, (2) a Road User and Vehicle Division, and (3) a Traffic Division.
About 200 people are employed, supported by services provided by an
Administrative Division. Multidisciplinary research projects are staffed by

forming project groups with researchers from different divisions.
The Road Users and Vehicle Division has the following mission:

1) develop and apply methods for studying the function of vehicles
and vehicle components in different traffic situations in order
to improve the background data and information needed for codes
(i.e., regulations) concerning vehicles, vehicle components, and

traffic environment

2) develop and apply methods for the studies of human performance
characteristics and behavior in different traffic situations
in order to improve the background data and information needed

for decisions concerning vehicles and traffic environment and

measures relating to road users.




VT1 was formed in 1971 and was relocated, in 1975, from Stockholm to

Linkoping. At this latter site, it has created the following facilities:

1) a driving simulator with a wide-angle visual system and
complete movement control system (see Appendix X)

2) computer programs for studying vehicle movements in
standardized maneuvers

3) indoor and outdoor impact test track

4) dynamometer for measuring tire characteristics

5) on-road machine for studying the interaction between
a tire and the pavement

6) other laboratories as needed to study traffic and

pavement design and construction
A listing of R & D resources, as existed in 1981, can be found in Appendix X.

6.3 Transport and Road Research Laboratory—-U.K. (TRRL)

TRRL was originally founded in 1933 as a Road Research Laboratory
within the government Department of Scientific and Industrial Research. Over
the years, it has been reorganized numerous times and located within various
governmental units. It became the Transport and Road Research Laboratory in
1972 and currently retains that title in its mission to provide research
services to the Department of the Environment and the Department of Transport.
Its current responsibility is to provide technical and scientific advice and
information to help these departments formulate, develop, and implement
government policies relating to roads and transport, including their interaction

with urban and regional planning.

TRRL laboratories and offices occupy a site of 250 acres. 1In 1979, its
total staff numbered about 1000, approximately half being scientists and
engineers. The organizational structure (at that time) is that shown in
Appendix Y, namely, six departments forming a Transport Group, a Traffic and
Safety Group, and an Engineering Group. Of particulaf interest to GM, is the
Transport Systems Department (within the Transport Group) and the Safety

Department (within the Traffic and Safety Group). It should be noted that in
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1983, the Transport Systems Department was restructured to contain a Vehicle
Engineering Division, formed from parts of the former Transport Engineering and

Freight Divisions.

Currently, the Vehicle Engineering Division consists of five sections
(viz., (1) Freight, (2) Noise and Vibration, (3) Vehicle Efficiency, (4)
Vehicles for the Disabled, and (5) Dynamic Pavement Loads) employing 21
professional persons. The research emphasis is on commercial vehicles (i.e.,
trucks, buses, and taxis). Similar information is not available regarding the
"Vehicle Safety Division." However, the literature gives evidence that this
division has been and is concerned with handling issues as they impinge on the
safety quality of the highway traffic systeme A TRRL brochure prepared in 1979
states that the "Vehicle Safety Division is concerned with improving the
accident~-avoidance and road-user protection aspects of cars, commercial

vehicles, motor cycles, and pedal cycles."

A "Technical Service Unit" controls the use of the research track (see
Appendix Y for an aerial view of TRRL) and includes both workshops and garage
services. A Research Services Unit provides computing, library, technical
information, translating and interpreting services to the staff of the

laboratory.

6.4 Australian Road Research Board (ARRB)

ARRB was founded in 1960 to serve as Australia's national road research
center under the sponsorship of the National Association of Australian State
Road Authorities and the Commonwealth Department of Transport. As such, it has
a mission similar to that of TRRL. However, ARRB is much smaller than TRRL,
having a staff of approximately 100 persons. Although ARRB does have a small
research unit concerned with the mechanical attributes of motor vehicles, it
does not have a road network and test area on which motor vehicle behavior can
be studied. In recent years, ARRB's vehicle research unit has concentrated on
the commercial vehicle, specifically, the pavement loading process and the
mechanisms of rollover. This latter concern has led to the development of a
tilt-table facility, which is installed adjacent to the ARRB complex at Vermont

South, Victoria.
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6.5 Traffic Safety and Nuisance Research Institute Japan (TSNRI)

TSNRI is the laboratory arm of the Motor Vehicle Department of the Road

Transport Bureau, Ministry of Transport.

Under the provisions of the Road Vehicle Act, the Motor Vehicle
Department is required to issue regulations for safety and pollution control.
TSNRI, on the other hand, is charged with conducting the research which
presumably leads to regulations. It is also charged with developing the test
methods by which the compliance with a regulation can be assessed. In additionm,
this laboratory carries out the examinations which are part of the type-approval
system used in Japan. In effect, this laboratory examines all new vehicle
models for compliance with regulations governing dimensions, weights, braking
system, steering performance, lighting equipment, exhaust emissions, etc., prior

to their being approved for sale to the public.

In 1975, TSNRI had responsibility for safety and nuisance-control
research for railway and aircraft traffic systems as well as the automotive
systems To accomplish its mission, it was organized into three divisionms,
namely, a Traffic Safety Division, a Traffic Nuisance Division, and an
Automobile Type Approval Test Division (see Appendix Z for identification of the

sections making up each division).

Given the breadth of their mission and responsibilities, it was rather
surprising to learn (during a visit in 1975) that the total staff consisted of
79 people (of which 45 were research personnel). It was possible to observe,
however, that type-approval tests were expedited with the aid of company
personnel accompanying the vehicle, such that TSNRI staff had need only to
supervise and conduct the required tests. It is of interest to note that TSNRI
became a separate laboratory only as recently as July 1970 when it was detached
from the "Ship Research Institute." Prior to the establishment of the Ship
Research Institute in April 1963, transportation research concerned with
aviation,'shipping, harbors, railways, and the automobile was performed within
the "Transportation Technical Research Institute" which constituted the

predecessor organization to TSNRI.
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6.6 Transport Canada

This ministry (or governmental department) includes the "Road Safety
and Motor Vehicle Regulation Directorate," which was reorganized in 1983 into
the organization diagrammed in Appendix AA. The objective of this directorate
is "to reduce deaths, severity of injuries, health impairment, property damage,
and fuel consumption resulting from motor vehicle use in Canada." To this end,
the Traffic Safety Standards and Research Branch is responsible for issuing
safety standards under the authority of the Motor Vehicle Safety and Tire Safety
Acts. In support of this branch and the compliance test activities of the
Vehicle Safety Operations Branch, the directorate has established a Motor
Vehicle Test Center (MVIC). In addition to supporting the directorate, this
Center will also be a vehicle test resource for other units of government,

industry, and private research agencies.

The MVTC was completed in 1979 at a total cost of 25.7 million dollars
(Canadian). It is located on 550 hectares of federal land north of Montreal.
As can be seen in an air view of the Center (see Appendix AA), it contains a
triangular shaped vehicle dynamics area covering 9 hectares. Detailed
information regarding the Vehicle Systems Section (see Appendix AA) and its
capabilities for conducting instrumented vehicle tests with the aid of this
facility are not available. Appendix AA contains a brief description of the

various test facilitaies and laboratories that have been established at MVTC.

6.7 Other National Government Laboratories

It is presumed that national government laboratories, other than those
identified above, exist in western European countries, in view of their type
approval system. However, other than the organization in the Netherlands, known
as TNO, little or no information was uncovered regarding the existence,

location, and mission of these various type approval activities.

National government laboratories and research units concerned with the
motor vehicle are also known to exist in eastern European countries, and in the

Soviet Union and the People's Republic of China. For example, there is the
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Central Research Institute for Automotive Engineering in Moscow (which I visited
for two hours in 1984 without seeing any of their laboratories) and the Motor
Vehicle Research Institute in Changchun, PRC. The latter institute has seen fit
to send staff members abroad as visiting scholars, providing opportunity for
people in the West to obtain impressions of the research interests and

activities of this particular organization.
7.0 INDIVIDUAL ACADEMICIANS

Whereas this report has attempted to identify the organizational
entities engaged either in vehicle dynamics research or having a vehicle test
capability, it should be noted that there are individuals, who, by virtue of
their expertise and training, should be considered as part of the worldwide
community of technologists having specialized knowledge on vehicle handling
topics. In general, these persons are academicians associéted with engineering
schools in a host of different countries. To a large extent, these persons
reside outside the U.S. No listing is supplied, but people appropriate to a

specific undertaking could be identified upon request.
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AUTOMOBILE HANDLING TESTS

Numerous facilities are used for the purpose of testing vehicle
hand11ng One of them is the vehicle dynamics test area. The di-
mensions of the maneuvering area of approximately 500 by 500 metres
of flat and level surface make it the largest area for this purpose
in Europe. Fig. 11 presents a horizontal plan of the facility.

-Fig. 11

- The acceleration loops allow the operator to bring the test vehicle
up to a2 predetermined high speed, if required, and to stabilize in

this condition, before entering the actual maneuvering area. Besides

conventional handling tests high speed tests up to and beyond the

1imits of control can be conducted safely without the r1sk of running

out of braking distance.

Characteristical data of the vehicle dynamics test facility:

Overall length: 1550 metres

Overall width: 650 metres

Total area including the two acceleration loops: 307000 m?
Pavement: Fine grain asphalt concrete specified for heavy traff1c
Inclination for water drainage: 1 %

Evenness: + 2 millimetres per 4 metres in every direction

Leveled unpaved area within the larger acceleration loop: 115000 m?
Dimensions of the actual trapezoid shaped maneuvering area:

Basis 1: 540 metres

Basis 2: 450 metres

Height: 4590 metres

Radius of the larger acceleration Toop: 305 metres

Radius of the smaller acceleration loop: 205 metres.



Within the smaller Toop a water storage basin is located for drainage
purposes. The acceleration loops consist of two-lane super-elevated
roads of a total width of 10 metres.

The funnel-shaped junctions with the maneuvering area are clothoids
of 70 metres length with a design speed of 200 km/h. Besides testing
by actual drivers, handling tests can be performed by remotely con-
trolling the test vehicle from a follow car or from a monitoring and
control centre (MC-centre). Fig. 12 shows a device which allows to
control steering, brake and accelerator from a follow vehicle.

Fig. 12

The second possibility is the use of a remote control system from a
stationary monitoring and control centre (MC-centre) with telemetric
feedback from the test vehicle to the operator. Electronical and
mechanical components installed in the test vehicle are designed to
withstand impacts up to 80 km/h without damage to vital parts. Data
are not only transmitted from the MC-centre to the test car; response
data like steering angle, steering couple, brake line pressure, velo-
city and lateral acceleration will be telemetrically transmitted

back to the MC-centre, where they serve as immediate information for.
the operator. Input and response data are recorded for evaluation.

An additional modification of the remote control system into a tele-
metric microprocessor-controlled driving-machine is in the planning
stages. Reproducible input parameter variation will generate response
data for further refined evaluation of automobile handling characte-
ristics.



Fig. 13

Foreground: Antenna installation
Middleground: MC-Centre and test vehicle
Background:  Maneuvering area

The picture presents the remote control system on the vehicle
dynamics test area with stationary manual lock-on antenna in-
stallation. The MC-centre of the system is built into a Volks-
wagen LT Bus. In essence it simulates the driver's position and
controls in an automobile.




Fig. 14: Driver's seat in the MC-centre with a view on steering
wheel, TV-monitor and feedback instruments.

The test vehicle is controlled by steering angle, accelerator- and
brake-inputs in the MC-centre. The steering torque of the test ve-
hicle is fed back intc the steering device in the MC-centre giving
.the operator sensible information of the attitude of the test car.

The TV-monitor enables the operator to drive the test car to any pre-
determined destination in distances up to one kilometer. Other
important feedback data are indicated by instruments unterneath the
monitor.



Fig. 15: View of steering and brake servo motors through
the passenger door.

A view into the test vehicle shows the installation of electronic
components as well as the servo motors for steering and brake. The
TV-camera is mounted at driver's eye level,

Data generated by measuring instruments in the test car can be tele-
metrically transmitted to the MC-centre. They can be recorded on paper
or on magnetic tape (see fig. 16).




- External data recording decreases the weight of test vehicle in-
stallations and speeds up the running of extensive test programs.
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INTRODUCTION

In addition to the subjective evaluation of vehicle
handling, measurements of vehicle dynamic are more and more
used 25 an aid in the development of vehicles. The general
desire to retain the feeling of skilled test engineers in the
shape of reproducible data for the purpose of obtaining the
means for comparative improvements resulted especially during
the past years in an increased application of measuring
techniques. Based on this development, 2 number of test
methods were established which cover important driving
' situations for vehicle evaluation. The same assignment and
last but not least the cooperation between manufacturers of
vehicles and the manufacturers of measuring instruments, as
well as between institutes, resulted worldwide in a certain
stancardization of measuring methods and measuring instruments.
The successful support of research and development by means
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of measurement reguires that the measuring results of
different variations are available as quickly as possible.
Meeting such & demand assumes the use of computers for data
input and evaluation. The following is a description of the

measurements.

MEASURING INSTRUMENTS FOR VEHICLE MEASUREMENTS

~yn - - -

PR e -

To cover the variables relevant to vehicle dynamic the
manufacturers of measuring instruments, to a great extent in
cooperétion with the manufacturers of ;ehicles, have beeu
developed special measuring data. transducers and evaluation
instruments. o

Longitudinal and Lateral Acceleration

In most cases accelerations anéd decelerations im a
herizontal level are measured with an accelerometer mounted on
& stable platform, Fig. 1. Stabilizing excludes amy influence

- - . B T N . -

Fig. 1:

Stable Platform
(Novotechnik)
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on measuring resulis bv components of gravity due to both the
vehicle roll angle and pitch angle.

The measuring direction remains horizontal. However,
influences caused by z road surface inclination have to be
<aken into consideration.

Accelerations can zlso be measured with transducers
nmounted directly on the sprung mass of the vehicle. In this
case its output has to be corrected for the component of
gravity on the accelerometer axis due to both the vehicle
roll angle and pitch angle.

Forward and Lateral Velocity

Forwzré ané lateral venhicle velocity are mainly measured
with non-Contact speed sensors. The Leitz sensors Correvit L
and Q, Fig. 7 used for this purpose are working on account of
optical correlation method with spatial frequency filtering.
The surface structure of the road is reproduced on a grating

Fig. 2: Optical Speed Sensors on the Vehicle
Leitz Correvit L and
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and the passing light is collected by a photographical
recorder. The frequency of tne recezved signal is proportzonal
to the velocity at which the p;cture field is moved normal to
the grid lines. = .. .. ...

In another dften used method the forward veloczzy is
determzneduby,the:spin,velo:zty of the wheel. For this purpose,
2n inductive impulse transducer is used in combination with a
toothed disk which rotates with -the wheel. A brake disk, for
example, is suitably prepared for this purpose, Fig. 3. The
impulses are then processed by a2 frequency to voltage converter.

Fig. 3:

Impuls Transducer
and toothed brake
disk for measuring
forward velocity

Yau Angle, Yzw‘Velacxty

For vaw s&ile neasnr;ﬂg'; d;rectzonai gyro stabilized in
a vertical plane may be used, Fig. 4. The turning of the gyro
housing attached to the vehicle in. relation to gyro is obtained
by a potentiometer. A built-in differentiator can also be
used to derive the yaw velocity.
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rig. 4: Directional Gyro for obtaining yaw angle
and yaw velocity (Novotechnik)

Another possibility for direct measurement of the yaw
velocity is the spring restrzined rate gyro, Fig. 5. The
centrol current for restraining the gvro is proportional zo
the yaw velocity.

S e

QAN -_('Y};/_Y",. (O

ot T

Fig. 5:
Spring Restrained
Rate Gyro (Novotechnik)
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'Fig;.&: Rate Semsor (Novotechmik) .

For direct measurement of the yaw velocity the so-called
rate sensor is often used, Fig. 6. The principle is based on
the fact that during the rotationm of the housing a gas jet is
diverted uy the Corriolis force. This diversion is proportional
to the angular velocity. The small dimensions and the robust- ‘
ness of the instrument are of advantage. There are no
sensitive bearings in contrast to the gyro.

S ‘."?: PO AW

Steerzng Wheel Angle, Pront.Wheel Angle

Spec:aI measuring staerzng,wheels are used for
measuring the steering wheel angle, Fzg. 7. The angles are
transferred to a potentiometer by means of a gear wheel
transmission. A torsion-metsufin;:huh.with a strain gages
bridge is integrated in the measu:zng steerxng wheel for
measuring the torque. - ..l .

A mumber of devices has been developed ‘for measuring the
front wheel angle in relation tc the vehlcie,body. The device
for measuring the front wheel lock.whzle drzv:ng consists of

[ P -
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Fig. 7: Measuring Steering Wheel for obtaining
steering wheel angle and torque

2 lever mechanism which presses z sensor against a face plate
on the wheel. The face plate is attached to the hub stud and

is not rotating with the wheel. The steering angle of the

ront wheel is transmitted to an
electric angle transducer. Changes
in track width and camber are
compensated by guiding on 2
parallelogram. This can be
attached to the venicle body by
means of & frame, Fig. 8.

Fig. 8: Device for measuring
front wheel lock angle
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Plg. :

Inductive Trans-
ducers for
' measuring wheel
. toe- changes on
the rear axle

- . T . AL

c .

While driving the vehicle, changes of the rear wheel toe
angle in relationm to the body, can be obtained with the same

® device. The face plate is rotatably mounted on the rear wheel
rim and held by means of an arm in relation to the vertical
axis, so that the face plate is not rotating with the vheel.

- Since the angles on the :ear'ixle’are only small, simple

% indnctive’transducers*can~here-also.be“used4 Fig. 9.

Sideslip Angle; Slzp Anglc o -

Sideslip and slip angles can be computed from the
measured forward and lateral veloc;ty'or can be directly
‘determined by a rotatably suspended trolley wheel. The
measuring instruments -can be attached to the vehicle body for
measuring the Sideslip angle, see Fig. 2. For measuring the

- slip angle, these measuring instruments are attached to the
wheel. For this purpose, the optical forward and lxteral speed
sensor Flg. 10 may be used or a trolley wheel may be “attached
to the hub stud, Flg. 11. The rotatably mounted trolley wheel
arm adjusts itself in direction of the movement. A potentio-
meter measures the angle in relation to the wheel plane; the
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rig. 10:

Leitz Sensors on the wheel
measuring slip angle

slip angle. A second potentiometer permits determining the

camber, that is the inclinztion of the wheel plane to the
road surface.

Tr
(E

olley Wheel for measuring slip angle
ng. Schocl Offenburg)

pr
U
(51}
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Roll Angle, Pztch Angle

P
~ 3 it

.The stable platform (refer to Pzg 1} is also suitable
for measuring the'rell or pitch angle of the vehxcle- The
swivel movement of the instrument housing firmly attached ta
the vehicle as compare to the always horizomtally stabilized
platfornm is obtained by a potentiometer. Ancther possibility
is the non-contact measuring of the ground distance at three
points of the vehicle by optical dis;:nc&~sen§ors, Fig. 12.
Roll and pitch angle can be computed.from the ground distances
and the geometrric dimensions of the locatzng poznts nf the
three sensors on the vehicle body.

Brake Pressure

The o0il pressure in the braking system is obtained by
means  cf a pressure transducer, whach is 1nstalled at the
master cylinder ontput. ’

Fig. 12: Optical Distance Sensor for obtaining roll
and pitch angle (Novotechnik)
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RECORDING AND EVALUATION METHODS

In practical measuring techniques, a few methods and
instruments for recording and evaluation of pertinent data
have been extractec. Depending on assignment anc equipment
the following methods can be applied in general:

Direct Recorder

The most simplified method is the use of a directly
writing oscillograph for recording if few measuring variables
ané short measuring periods are involved, Fig. 13. The time
functions are immediately displayed while measuring.
tveluations are made by measuring amplitudes manually. The
method is less suited for fast vibrztions where very many
data are coming up. In such cases it will nevertheless be
useful to observe basic comnections if the signals recorded
o magnetic tape are made visible on an oscillograph.

Fig. 13: Directly Recording Oscillographs
Visicorder (Honeywell)
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FM Magnetic Tape

For long measuring periuds and quick processes, the
recording w1th frequency modulation on a tape recorder has
proven 1ts worth, F;g- 4. The’ frequency modulated analog
tapes are subsequently d1gzta11zed for evaluation by a
“computer. The conversion of the tapes requires additional
time and computer capacity, for this Teason the method should
be used where results are not required 1mmedzately. The
numhet~of channels ‘is lxmxted. LRI
-- With an'1/Z" tape seven tracks and one voice track are
available. A ulsadvzntage is that fluctuat1ons of tape speed
will show up as measuring faults and therefcre very accurate
synchronizatioa is requi:ed. Only a few tape reécorders are
available to withstand any.acceleratxon suitable for use in
the veh:cles they are in addztxon relatzvely large and are
consequentlv rather hcavy. '

Fig. 14: FH-Tape Recorder. Frequency Modulation,
(Honeywell)
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Fig. 15: PCM Measuring System, Pulse-Code-Modulationm,
(Lennart: =2né Hewlett-Packarc)

PCM Method

The recording of measuring signals with a PCM system
(pulse-code-moculation) permits the storage of large guantities
of data at low space requirements for the unit, Fig. 15. For
this method regular samples are taken from analog signals and
are shown as 2 binary digit on the magnetic tape. The time-
equivalent samples of different functions are recorded on a
tape by a multiplex system one after the other. This system
permits the recording of eight functions on one track. Upon
cenversion these measuring variables can directly be evzluated
by a computer. A disadvantage is thet the measuring signals
are not visibie and that the evzluztion cannot be made 2t the
test site.

Mobile, Computer-Aided Measuring and Evaluation Systen

The high demands of today's practical research and the
need to quickly ohtain large volumes of data for immediate
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evaluation at the test s1te lead to the development of a
mobile, ccmputer-a1ded me&surzng and evaluation system. The
measuring data recuz&;ng system-compr:ses the respectively
required analog amplzizers & process computer with operating
terminal and a dxg;tal cassette ‘mechanism for intermediate
storage of thevrecc:dedﬁgata. Ihe evaluation system includes
a desk computef"(e:éi HP- 584$'Bj‘#ith an additional cassette
mechanzsm‘and a fbur-colour'plctter of BIN A 3 size to issue
the final- d;agranswabr‘a-conb:nztron af'the two systems- there
are baszcally TWO passzhllztzes ava;lable, ‘the. "OFF LINE" and
the "ON LINE" data -caxmemnn,, Fig. 16, ~
In mcst c&ses, the ""OFE LINE" data transfer performed by
] d:.g:.tal cassette is used in practice. For this purpose the
data collecting unit with signal processing, storage and
operatxng term;nal is installed in the test car, Fig. 17 as
shown in Fig. 16 too. The evaluation equzpment is housed in
& separate vehicle acting as a mobile computer center, Fig. 18.

Test Gor : " Accompanying: Vemicle

H’“Mﬂ‘
‘ elemetry
egocessmr l Cassette aeceuer

1 elewet Q.0 E’;’éﬁiir }-?&';:.‘.:?j

ranssi tter
____r@’_ Plotier

gs:uier

e_o--—-----i

Cassette _ Cassette N S _
' Ot Lime 0 T - - T On Line

- Fig. 16: Mobile Measuring and Evaluation Systems
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in the mobile computer center w111 start Measurlng.wxll go

. on in the rest car with a second cassette, yhile the first

cassette is evalusted. *&f SO R . S
For the "ON LINE?‘&::& transfer the data are transferred
from the test ‘car by telenetry into the. accompanying- vehicle,
Fig. 16. If, on accoun;.of technical Teasons only a few
instruments can be. xnstallesd in the test car, this system is
preferred. The-tes’ ‘uzll then.hcld.only the required.
transducers with- the respec:;ve data ptocess;ng (analog
amplifier and" telenetry transnitter).. . .
However, experzence has shown that this neasu:zng method
can only be used if the ac:ompanying,vchlcle can be positioned
ciose to the test tr:dk with visual contact to the. test car,
if possible, since otherwise during telemetry transmission
disturbances may dccur“depending on the environment.

TEST METHODS AND rlEASUREEENT PROCEDURES FOR VEHICLE DYMMI cs
Today‘, on theb&szs of;.expcricnce selected? individual
disciplines'are'uSually examined in open loop to obtain
technical measuremants of the vehicle handling. Measurements
in closed loop, drlve:/vehicle/env1rcnment ‘have shown that the
determination of an absolute measuring assessment is not
possible due to the Iarge~usrxatzon of the driver characteristic
An attempt is therefore being made to find a corrrelation
between the measurement results in open loop and the subjective
evaluation of skilled test engineers in closed loop. Due to
the large number of possible driving mamoeuvres and operating
conditions objectivé-meaSurement;oféthe entire vehicle handling
is not possiblei*on&y*subseciors“czﬁ*be~rec0rded and compared
for different vehicles.
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weasurement oI the Tractive Resistances

The rolling resistance and azerodynamic drag ave primary
factors for the fuel consumption of a passenger car. For this
re2s0N many attempts have been made in the past to measure
<nese variables under realistic conditions using various
mezhods. _

One possibility is the measurement of the drive torque
with the aid of highly sensitive torque measurement hubs. This
:llowé the total tractive resistance without the losses in the
drive train to be recorded. Due to the sensitivity of the
measurement hubs such tests can only be accomplished on 2
plocked track while avoiding sharp starting, braking and
tuTning manoeuvers.

To determine the rolling resistance the vehicle to be
tested can be pulled by 2 second vehicle or with a2 cable winch,
whereby the tractive forces.in the tow cable zre measured. The
disadvantages of this method are that the measurements can only
be accomplisned zt very low speed to eliminate the aerodynamic
drag and that strong disturbances resulting from oscillation
of the cable are superimposed on the measurement values. An
improvement 10 the towing method is achieved by protecting the
vehicle from the aerodynamic drag with a large trailer, Fig. 19.
The tractive force between the trailer and the protectea.vehicle
is measured with 2z special tow bar. The measured force
corresponds to the pure rolling resistance. The measurement can
also be accomplished at higher speeds. This method is, however,
3 large-stzle affair due to the required trailer.

The coast-down test which has already been in use for some
time offers the possibility to measure the cntire tractive
resistance and subdivide it into aerodynamic drag and rolling
resistance. Experience has shown that, above all, to separate
the aerodynamic and rolling resistance an extremely high deogree
¢l accuracy is required in measuring the values. The previous

measuring techniques did not assure this degrec of accuracy.
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Fig. 19: Rolling Resistance Measurement by towing
' behind, a trailer to eliminate Aerodynamic Drag

Only in the recent past it has become possible to-
accomplish such measurements with: the required degree of
accuracy using modern sensor and calculation techﬁology. Various
methods were also examined for the coast-down test. The method,
which led to-the best results will be shown here.

Up to driving speeds of approximately 150 km/h the
following applies for the deceleration resulting from tractive
resistances on an even track without wind:

a, = A vxz'¢ Bv +C ) |
The aerodynamic drag.isrpropo};ianal to the square of speed:

, - X . .- K I = . . P
W, 'm A-ory where' "A = c - F - 7/m
or solved for the drag coefficient:

. e A m
“«  TFF/2

where the air density equals
- P (Torr)
275 - 1T (°0)

Pkg/m) = 0.363
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The Tolling Tesistance consists of one term which is proportional
.o the speed 2ncd one constan: term:

KR = (B Ve ® COm

«here the speed-dependent coefficient of rolling resistance:
< (V) = v § + .g
R X g g

s = vehicle longitudinal acceleration
v = vehicle speed

= = vehicle mess

= frontzl area of the vehicle

P = air pressure

T = air temperature

= natural gravity

v

The linear statement for the rolling resistance only
spplies to approximately 150 km/h depending upon the make
of the tire. _ ‘ }

At higher speeds terms of a higher order have also to
te¢ taken into consideration.

In coast-down tests either the deceleration or the speed
:an be measured. Very high requirements are placed upon the
acturacy of the measurement, because all methods react very
sensitively to measurement inaccuracies. In the tests the
speed was measured with optical Leit:z sensors and the accele-
Tation curve.zscertained through numericzl differentiation.

In measuring the speed, the road surface inclination
‘s also included (a gradient of 0.1 % results in a speed
seviation of 1 m/s for & measurement duration of 100 s;
{cast-down time from 120 km/h to stand-still approximately
0 s). |

Therefore measurement is only possible on 2 road with
? Xnown gradient. Correction of the measured speed:

RO REIAS NOR:
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b (t) = g~ sin &, (1) : a»s‘ - a.ngle of mcl;nat;on

Stamng at a fixed po:.nt each mdzvzdual posznon the 7
associated angle -0f inclination and therefore the interfering
acceleration can be determined from the road profiie through. -
integration of the measured speed. The tractive resistances
are determined by direct regression. Other solutiocn strateg:es
gave no usable Tesults. - - -~ - - L

In a statement according to equatiom (1) 3 polvnomal
regression of the second order can be accomplished for the
scceleration using the speed. The regression calculation
leads directly to the coefficients A, B, and C, from which
the aerodynamic drag ané rolling resistance. WL and "R or the
coefficients S and f (v} can be calculated. The veh:cle
mass, the frontzi area of the vehicle and the air pressure
and air temperature in terms of the.-_ur density are fully
considered in the calculation of the coefficients. Measurement
errors for these variables therefor result in corresponding
coefficient errors. Usabe results hm already been achieved
with this- stztement, Fig. ZG. N ' T

. e e o~ s me . - -— .
- E -

Rmstmco
Drag Cosit. cyy3 0,458

Tractive Res. 1

SRR R STV T SR a ,
. T . 7 Asrodyn. |
. Drag
400 _ y
// / Roiling Res.
- A.OL _‘/ Vehicle Speed

6 .. . s0O . . 108 . km/h

Fig. 20: Results of Coast-Down Test: Aerodynamic Drag
and Rolling Resistance
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One of the oldest test methods in vehicle dynamics is
she steady state turning. It supplies basic comparative data
‘or the developmen:t oI vehicles. In addition to the maxinun
scceleration this data also include <the curve of vario

venicle dvnamic variables using the laterzl acceleration o

a circular track with a2 constant radius. Qther methods wnere
the steering wheel angle or the driving speed remz2in constan:
are used less oiten because they reauire 2 very large test
surface.

In the steady state turning test the lateral acceleration,
steering wheel angle anc nmoment, side slin angle and roll
anglé are measured. The vehicle is accelerated to the desirec
speed on 2 circular track usually with a radius between 30
and 50 m. "hen the steady state condition is reached, the datea
shzll be recorded. The speeds can be run in steps or the vehicle
tan be accelerated in a auasi-steady state from the lowest
speed up to the limit rance, whereby the measured variables
2re recorded during the entire procedure.

The evaluation is accomplished by a computer program. The
recorded tape is continuously read and checked whether the
measured lateral acceleration is within certain limits; if
50, 2l]l measured values are simultaneously coordinated to this
latera] acceleration interval. This program allows the range
rom minus 10 to plus 10 m/s2 1o be evaluated in 100 classes.
The class width then corresnonds to 0.2 m/sz. The mean value,
standard deviation and neak values are calculated and recorded
irom the adjoined variables measured. These values can be
siven in tabular form. Presentaztion of the measured values as
2 function of the lateral acceleration is also rossible.

X

Fig. 21 shows the steering wheel angle, steering wheel toraue,
sideslip angle and roll angle. The lateral forces on the wheels
€an 2lso be measured with special measurement hubs, Fig. 22.




i ‘“ ;

H & n

]

168

"~ A. Zomotor
Steering Whes! Angle L 2T Steering Whesl Torquo
I A ST S N T ‘Power Stoscing |
, ' 2
L »
[ —" . — C L | e egressien 8
-nonmép"f" ol f ] weeevees
[ ; N T < b
o Lat.ace
5 =3 z mﬁmﬁ} & o2 jme] 8
/4"’ o4 T -1 2
: ; f i
Left Turn __Right Turn| - | Left Turn. - Right Turn.
_ Sidestip Augl. e Vehicie- Roill Angle
] 3 3 J
) 1 (IR g
2. / ¥ Mesn Valuesr 2. /
L~ 4 =2 |
Lat.ace. I ] ‘ , - L Lat.acc.
%) VIl -2 A yms| 8 (8 | 2 e B
Z A~ s
/ A - )t
o 7'/ 2
d & - - J ‘5'
Lott Tom | Right Turm | | Left Turn | Right Turn

ZJ Steerlng thel AnOIe, Steerzno Fheel Torque Side
"S1ip Angle and Poll Angle versus lateral Accele-
‘ration. in Steady State Turning (Radius: 42,5 m)



vehicle Handiing 16¢
Lateral Force From Wheel ,lef'. Lateral Force Front Whee! right
- ' ‘ - U

__eoooN I s000N '
; . ‘ ‘ ; \ i —- ﬂ;gun;on ‘
i ' ‘ | i ; : 20r0er

| : : | i\\ I Mean Vales
2000N e+ o 1 i N2000N it 1 !
: o °; P ; | P
C RS Co \ | | ;
o L T L
Lo b et Latace! L | P ! Latacc.
g c 20l 2 imsst 8 B 2 mis’, &
I R il U g™
! i ~ ‘ [ [ [ | - i ! i
!_,;L’?» | 5 | i : I Lo
et o2000N 1 P -2000N [N 1
i f ‘ ! ! i i ; l g :
| l : R % | | t ! i i
H H e Regression ' i | ! i i ; !
1 : : 20r0er — i : : ] ] !
; } : © Stancarc ! i 1 \ i i
: : bovunon | w | i :
. ! ] \ !
1 : ' | | i .
Left Turn | i nght Turn | Left Turn i ]g Right '!'urn 5

Fig. 221: Lateral Force on the Zront wheels in

Steady State Turning (Radius:- 42,5 m)

For determinztion of the steer properties the elasto-
xinematic characteristics of the wheel susrension are used in
addition. Essential information can be obtained for the steer
properties from the changes in the steer angle of the individual
wheels due to the lateral force and during vehicle roll. For
this reason the wheel angles are recorded versus lateral
acceleration on & circular path, Fig. 23.

Front Wheel Steer Angle

: T T T T
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A ¢ 3.Order gl o left s Fig. 25
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Trans:ent pesnonse
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To investigate the vebicle handling it is also necessary
to determzne the transient ‘Tesponse of the vehicle in addition
to the steady state steer prcpert:es. Varzous test methods
have been developed toc measure the transient. response-. The
methods used most often in- nract;ce,_the step input and the
frequency response method, are explazned in the followlng.

e —-—-— L D — »-—*—-m'- cmme s se . ——— e e e -~ -
s - -—— S lamiar
- . - - T

. . - . oA
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_ For the step input method the nost 1mportant input and
output-variables-for the - - e LE i e
© = steering wheel-angle and - ]
- yaw velocity - - ° L , )
as well as the ‘ollowznv»teference varzables are measured
- steering wheel angle velocity '
- forward velocity ‘
- lateral acceleration. L
For comparison with the suhjecxxve evaluatzon the
- sideslzp angle and
- roll angle 'i,~,¥>
are recorded in addition. ‘
At the given speed, senerally between 80 and 120 km/h,
the vehicle is moved from a straight path into a c;rculxr
path with a given lateral acceleration (4 and 6 m/s ) with
the quickest possible ramp form steering wheel angle input.
During this procedure the steering wheel angle-velocity should
be between 200 and 500 ®rs. e
h Parameters are determlned from the time functioms of the
recorded variables for characterization of the tramsient
response. Evaluation is accomnhshed with a program system B

~ resulting in the followzno characterzstzc values:

o~
-~
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34 Steering Whee! Angle

80 % - Response time of
yaw velocity a¢

- Peak Tesponse time of yaw
velocity Tymax

Maximum overshoot of yaw
velocity U§

Yaw Rate Tesponse gain
g (yaw velocity divided by
: steady state steering
wheel angle)(&lm,

Yaw Velocity

: o S -
! Fig. 24:
L Definition of Several

3% Characteristic Values for
i g transient response test Step
; i Input .

—

1Th Time  °
T'-m_

' See Fig. 24 for the definition of these parameters. The
tize at which the steering angle reaches 50 § of its £inal
.alue is cheosen as the initial point for determination of the
response time.
zloreover the model time functions are determined wusing
1 simple vehicle model of the second order with an jdentificetion
rsutine. The vehicle yaw motion is determined by the transfer

fanction :
¢, (iL) 1T 08
t 3 s .D L
1« —'x; 5+ -:Z- H]

~sing this model the measuréd data can be approximated well
‘% nmost cases. The model serves as a mathematical aid for
cvaluation -of measured transfer funttlons The program
‘aiculates the model parameters:
- numerator time constant T
- damping ratio D
- undamped naturzl frequency

[N}

n

in
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an: additional evaluation variable is.the vehicle factor

‘TB,. which also shows a good.cérrelazion with the subjective
evaluation. The TB factor'is the produc:'of the peak response
time and the steady state sidgslip angle, TB = T@max ’ ;s.

. The measured characteristic variables and the calculated
model parameters of various vehicles correlated with the
subjcctivé evaluation of numerous test drivers in comprehensive
test series. It has been shown that at least two characteristic
variables are required to characterizg the transient response;
one of these variables is the yaw rate response gain under
steady state conditions. The additional characteristic-values
should represent the most important frequency-dependent
characteristics of the dynamic vehicle behaviour.
| The yaw rate response gain (@;’B)s'for the yaw velocity
has been clearly identified as a suitable steady state
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characteristic value. The yaw Tate response gain shows a
correlation with the subjective evaluation on 2 curvy path
for more than 0.8. The greater (1’/5 ) uas. the better the
vehicle was evaluated. Above 2ll the dampzng D, the peak
response time T,émax.and’the factor T3 proved 10 be the
suitable dynamir characteristic values for the evaluation of
the vehicle based on the correlation. The greater the damping
and the smaller T4 .. and TB were, the derter the evaluation
of the vehicles. _

To compare différent vehicles in regard to their transient
response based on the step input'measufemenis the characteristic
values given here, above 2ll, must be examined more closely in
addition to the time history of the individual wariables.

Frequency Response

A further possibility for evaluating the transmission
characteristics of 2 vehicle is the measurement .and ctharting
of the frequency response. Here the input and output variables
are collated with one another st various sinusoidal excitation
frequencies, as is usual in-control technology‘ These trans-
mission characteristics change according :o<amp11tude and phase
over the steer frequency.

The advantage in relation to the step input measurement
is that a large test surface is not required; & long straight
path with corresponding width is sufficient. At constant driving
speed the steer frequency is increased in steps. It has proven
practical to use an automatic steering machine for these
measurements. Fig. 26 shows an electrohydraulic steering machine
installed in & vehicle. The tests were performed with 2 driver
who accelerated the test vehicle to the correct test speed and
held this speed constant during the measurement prbcednre.

During the measurement period the driver removes his hands
from the steering wheel and actuates two push'buttons which
start the steering machine. The steer angle input is then

TRCOPRRPRSTS W X Y § 47 (b Y A
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Fig. 26: Steering machine for frequency response
- 7+ . measurements installed in the vehicle

S . S e me e . - R

accomplished autowatically according to previously set values.
" The avtomatic mechanism is switched off by releasing the
push buttons and: the driver can reassume manual control of the
steering wheel inm order to drive the vghzcle to the starting
position for the next test. In these tests the data are
transmitted to the acbdmpanying vehicle by telemetry, where

-~ o

A the test run is evaluated 1mmedzate1y.

"The follow;ng-varzables are measuréd

- steerzng wheel angle
- ysw velocity R
= lateral accelefatzan o
= sideslip angle : o
- roll angle ‘,4
The amplitude characterzst:cs and phase angles are cal-
culated and plotted £rom the measured time history using a-
program. Fig. 27 shows the amplitude and phase curve for the
yaw velocity and the lateral acceleration for a vehicle with
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Fig. 27: Frequency Response of Yaw Velocity and

Lateral Acceleration for three Several
Vehicle Lay-0Outs

different steer properties varied through the tires..

The vaw velocity shows 3 marked resonance hump at 1.5 H:,
which increases with increasing understeer. This hump also.
increases with the forward velocity. The differences in the
vehicle lav-out can also he seen clearly from the frequency
response of the lateral acceleration. The oversteer alreddy
shows a decrease of 12 dB at 1 llz steering frequency. The high
degreee of understcer is still not subject To any decrease .in
the lateral acceleration response at this point. On the bhasis
of such frequency responsc measurements the various vehicles can
be compared and evaluated in regard to their transmission |

:qb 1”,%‘

)
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‘An. ::nportant, pract:.ce-related drzvmg nanoenvre is brak:.ng
in a turn. Du:ing,this manoeuvre the veliicle should not deviate
from the imitial path, if possible, nor should it spim. While
the tests considered up to this pmt could only be perfomed
in the opea. loop procedure due to their chzracte:, for hrakwg
in &turn #-closed loop.test, i.e. withr the influence-of the
dnver, is a.lsa pnss:.hle. In. the closed loop test the vehicle path.

. is usually gzven in the fom of a maTked lane, a.nd the dnver
remains. in-the. lane and stops within & given dutance. The test
is very close to pracnce, “however, the results. sre dependenr '
uponn the driver so-that & mumber of drivers have to be used. Such
tests aTe well suited for a subjective comparison of vehicles.

On the other hand, if the vehicle motion is to be recorded
and evaluated on the basis of ob;ective charactensnc values,
the open loop procedure have to be used. The goal of this test
is to deternine the effect of braking upon the directional beha-
viour of the vehicle whuse steady state. turning is disrupted only
by the braking procedure. The steering wheel is kept fix during
the test. The following variables are measured:

- steering wheel mgle .

- brake pressure - ‘

- latersl acceleration

- longitudinal deceleranon

- forward velocny

- yaw velocity

- sideslip :ngle

It has been detemned that the differences bmeen various
_vehicles can best be determined using an initial circle with a
diameter of 100 m- at anr initial lateral acceleranan value with
a minimum of S m/s . '

P
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This ceorresponds to an initial vehicle speecd of 8C.5 km/h.
The vehicle Is braked at an incrementally increasing longitudinal

deceleration Irom the steady state circular turning. During

this procedure the brake pedal is actuated as quickly as possible.

The brake pressure is increased this far, until all wheels lock
up. . :
The recorded measurement variables are processed further
using a computer. In this procedure the following additional
variables are calculated:

- reference vaw velocity

- reference lateral acceleration

- vaw angle deviation from initial circle

The reference condition is the condition of the vehicle
slowing down with the same longitudinal deceleration time
histor? 2s the test vehicle without any deviation of the vehicle
center of gravity from the initial circular trzjectory. In
acdition the steady state values from the beginning of the
braking procedure, mean values and maximum values as well as
values at the time 1 s after braking begins are determined
Zrom the time history of the measured variables for each test.
The time 1 s was therefore chosen, because this period
corresponds approx;mately to the reaction txme of the drlvcr.
When the driver. after this period ﬂes1res to initiate a
correction the vehlcle.motlon should still be under his control.
The mean values, maximum values and the 1 second values are
standardized in part to the steady state values .or the
reference values in order to avoid differences through d1spcr51on
in the initial conditions.

The. curves for three different vehicles arc shown here 1o
illustrate the hehaviour characteristics obtained from a large
number of tests. Due to the fact that the vehicle handling
changes at variously high degrces of deceleration, the curves
are charted in relation to the deceleration. The 1 s values are
graphed versus the 1 s value for the deceleration and the mecan
values versus the mean deceleration valuc.

!
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. Fig. 28: Related Time Values 1 s after braking begins
@ - versus the associated time value of the
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Fig. 29: Time values 1 s after braking begins versus
the associated time value of the longitudinal
deceleration for 3 various vehicles no. 3, 4
and 11 ,
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Fig. 2B and 29 show characteristic variables 21 the time
| s after braking begins. Moreover in Fig. 28z and 28b the
reference lines for exact keeping of the nominal circular
trajectory are indicated. The presentation of the initial values
pased on the lateral acceleration in Fig. 282 shows that vehicle 3
comes relatively close to the desired reference curve for exact
keeping of the trajectory. The rtelatively high values for vehicle
in the middle deceleration range show the entry into the circle.
vehicle-11 also allows the observation that turning into the
circle at slight deceleration, while the point of intersection
with the reference line indicates the begin of sliding out of the
trajectory at 2 decelerztion of approximately 4 m/sz. The point
at which the lateral acceleration crosses the Zero axis at 2
deceleration of approximately 3.5 m/s2 means that the limit of
steerability has been reached for this vehicle. The vehicle
then skids tangentially out of the circular Trajectory.

The corresponding handling properties can also be seen in
the curve of the initial values in relation to the yvaw velocity
in Fig. 28b. The related yaw motion, e.g. for vehicle 4, is
approximately twice as great as the related lateral acceleration.
The reason for this is that an increase in the sideslip angle
in addition to a decrease in the radius driven is expressed in
the value of the vaw velocity. The associated sideslip anglé
is charted in Fig. 29a. Fig. 20b shows the difference between the
actual und the calculated yaw angle for keeping the nominal
circular trajectory 1 s after braking begins. These curves can
2lsc be used for evaluation of the vehicle handling. The driver
also visually recognizes the deviation in the vaw angle. A greater
angle to the vehicle longitudinal axis in relation 10 the nominal
path tangent after braking for 1 s would frighten the driver more
than a smaller dJeviation. The mean values and maximum values of
this characteristic variable supply the same information so that
it is not necessary to explain them here.

engrlibetir st
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LORRII\T!O\ BETWEEN MEASURED VALUES AND SUBJECTIVE EVALUATION
OF THE VEHICLE HANDLING-

The .relationship hetween the characteristic values
determined in the open loop procedure and the actual traffic
situations as well as to the accident causes is unknown. liowever,
the goul of vchicle development is to improve the handling
characteristics- so- that these improvements contribute to the
reduction of the number of accidents resulting from the handling
characteristics’ and therefore increase the active safety. The
manner in which-the driver masters the handling characteristics
oi his.vehicle in actuaY tfaff3c situetions can only be determined
through subjective evaluation of -several skilled drivers while
driving under mormal traffic conditions. The test results can
clten only he interpreted in terms of feelings based om
cxperience. Therefore the correlation between cobjective criteria
and the subjective evaluation is important. Today, correlation
studics are performed for every test method used.

A gquestionnaire is filled in for each test p%ocedure for
subjective evaluation of the vehicle, inm which the driver can
cvaluate the vehicles according to a certain scale. At least
~ possible grades can he given: '

I for "poor" and 7 for "very good”. The selection and
formulation of the gquestions asked play a primary roll for the
success of the cvaluation. '

The goul of the study 1is to find the objective criteria
rom the measured variables, which are hest suited for describing
the suhjective cvaluation. The stepwise multiple regression
analvsis method has nfoven itself suitable to connect the
ohjective and subjective data. Kith this method an analytic
relationship is determined botween the dependent variables,
the subjeetive evaluation peints and the independent measurement.
values, i.c. the perception of the driver is interpreted by a
weighted comhination of the individual test values. Since the
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multiple regression assumes variables independent of one another,
the objective characteristic values, which correlate highly with
one another ané are therefore interchangeable with one another,
have to be reduced. Following this date reduction only those
characteristic variables are used in the calculation and
compared with the subjective evaluations in the corresponding
criteria, which on one hand show the highest possible correlation
with the subjective evaluations and which on the other hand
have 2 low correlation between one another.

In numerous studies it has been shown that the subjective
evaluation can be described best by a2 linear régression model.
For this Teason the linear relationship

» e - - - .o P e o« °
Y T ag R Xyt @yt Xyt &t Xy

has been assumed 25 2 model for the stepwise multiple Tegression
anzlysis. With this y is the dependent variable (evaluation
point mumber), x,, Xy ovo X 2TE the independent v;riables

and a5, 2; ... 3, are the coefficients sought. In -stepwise
nultiple regression 2 regression equation results in the
.following manner for each caltulation step by adding 2 new

variable:
Y =3t A,
Y o®oay v oagx, ¢ oanx,
y = as + a’1‘x1
<.. €IC.

In this procedure that variable is inserted into the
talculation in each case, which effects the greatest possible
improvement of the multiple correlation coefficients. The
Tesults are indicated by the computer in tabular form and
Tecorded in 2 plotter diagram with the measurement values.

An example of the subjective evaluation of the transient
response with 8 vehicles in comparison to the measurement

values from the step input is shown in Fig. 30. The criterion

)

s

(3]
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‘given here is an inquiry: regardzng the abll*t) of the vehicle
~for rapid dr:xlng over a curvy path. The table shows that the
yaw response gain ¢/: . was. xnsertedkxnto the regression as
the first variable. the second variable 1nserted the damping
ratio D:improved the multiple coxrglatxpg coefficient from
0.8ZT {initial value). to 0.858. By stepwise inserting the

peak Tesponse time T*max the response time of the lateral
acceleration Tgtv,and the numerator time constant T, a mult:ple‘
correlation coefficient of 0.897 is finally achleved

o « L™ =

5

2 e

Calculation | Variable inserted Multiple Corre~

.Step into the calculation |lation Coefficient|
1 | rs 0,821
2. D B 0,858
3 Témex - 0,882
4 Tha, 0,891 ~
.5 T: , 0,897

?iz. SO:GStepwiSe Muitiple Regression Analysis with
8 vehicles from the values of the subjective
evaluation and the step input measurement
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Dslpl.o-lng..u. Steinbmmr,.mpl.-ing‘.?-.l. Florus, Ing. H. Grou-n&’ s:t'g:‘ﬂ- 9 . | O{,l ° l ° ﬂ? ‘?

Einige spezielle Methoden fiir Messungen an Fahrzeugenaufder Versuchsbahn

Mitteilung ous der Abteitung Versuchs-MeBhous der Doimler-Benz AG, Stutigort

Bei der Untersuchung und Bewertung von Fchgwg:n“‘wwiﬁd\ des Fohrverhakens und anderer charokteristischer GroBen sind
tro

Messungen erforderkich, welche z. B, Gber die

soll ouch untersucht werden, wie sich Fohrzeuge in knitrschen Situotionen, z.

oge, das Sesdlleunmngm“ n oder iber Bremswege Auskunti gsben. Es

berholen, verholten.

Deshalb wunden fir die Binfohrbohn der Firmo DoimierBenz AG einige MeBverfahren entwickelt, die on bestimmte Streckenob-

schnitte gebunden sind und daher nur ouf einer werkseipenen Bohn ongewendet wenden konnen,

Fohrzeup bendtigen und das Erpebni
tern. Einige dieser MeBverfohren sollen hier behonde!t werden.

1. Geschwindigkeitsmessung

10 Messung des Geschwindigkeits-
verlaufs

Zur Gewinnung de: {blichen Geschwindigkeits-Zeitdia-
gramms existieren verschiedene Verfohren. Bei einem Verfoh-
ren wird ein5.Rod eingesetzt, welches im oligemeinen einen
elekirischen impulsgeber bettigt. Diese Wegimpuise wenden in
eine geschwindigkeitsproportionole Gleichsponnung umge-
setzt, welche meist Uber der Zeit oufgezeichnet wird. Bei
einem onderen Verfohren wird entiong einer Teststrecke
mittels Rodor die Geschwindigkeit pemessen und ebenfolls
durch einen Linienschreiber oufgezeichnet {1). Die nochfol-
pend penonnten Mbglichkeiten solien diese MeBverfohren
ergdnzen.

12 Verfohren zur Messung der Geschwin-
digkeit Ober einen definierten Strek-
kenabschnitt

Vielfach ist die Messung der Geschwindigkeit sines Fohr-

zevgs Uber eine bestimmte Fohrstrecke, 2. 8. wihrend eines .

gewissen Fohrzustondes, erforderiich. In onderen F5llen soll
die Geschwindigkeit on einer bestimmien Stelle emer Test-
strecke (z. B. om Beginn derselben) emmitielt wenden. Daher
sind bei Doimier-Benz ouf der Versuchsbohn on mshreren
‘Stellen derortige MeBeinrichtungen worden, und
2wor Ober Strecken von 10, 100 oder Gber 1000 m. Ove dobei
:.ngewordfe Technik soll on einem Beispiel beschnisben wer-

n. .

Die Bestimmung der Geschwindigkeit geschieht durch Mes-
sung der Zeit Gber eine Fohrstrecke defimerier Linge. Wepen
der erfordentichen Genovigkeit missen hierbei elskiromische
Zeitmesser {Z&higerste) eingesetzt werden. Das Storien und
‘Stoppen dersetben erfoigt Uber elekirische impulse, die 2. 8.
fotoelekirisch gewonnen wenden k6nnen. Der Nadheil soicher
Lichtschronken ist, daB sie im oligememen ous der Fohrbohn
herousragen und dadurch bei einem Ausbrechen von Fohr-

[ — -. '_ . N
Drohischieife
Generotor SkHz
Sendespule .

Empfonger,
N -
e 2eitmesser m
I
Anzege
[0]o]o o

Bild 1. Geschwindipkeissmessung mithels slekironischer Zeimesser
vnd Drohtschieifen in der Fahrbohn

Bild 2 Fohrzeup

dofir aber wenig Rustzeit om

we
is moglichst schnell onzeigen,aiso smpesomt idie Entwicklung von Fohrzeugen erheblich erleich-

zeugen Unfoligefohr bedeuten. Wenden sie aber versenkt an-
-gebracht, donn besteht Verschmutzungsgefohr und Gefohr der
Stérung durch herabfoliende Bidter und dergleichen. Ahn-
liches ‘gitt fir Schronken, die mit Uhrascholl orbeiten.

Avus diesen Grinden findet ein indukhives Verfohren mit

‘Drohischisifen Verwendung, Bild 1. 8ei dieser Einrichtung

befindet sich #m Fahrzeug ein kiemer Generotor, welcher eine
Wechselsponmung mit einer Frequenz von z. 8. 5 kHz erzeugt.
Am Fohrzeug, z. B. on der hinteren StoBstange, wind eine Sen-
despule mit Ferritkern angebrocht. Diese Antenne erzeugt ein
mognetisches Wechselfeld. 4n die Fohrbohn ist eine Dnoht-
‘schisife enpelossen, weiche den zu messenden Abschnitt ge-
oy definiert, Oberféhnt das Fohrzeug die Drohischleie, so
-enisteht ein kurzes impulspoket {nvit der Sendefrequenz). Mon
erhgh also om Beginn und om Ende des Streckenabschnittes
je sine soiche impuistolge én die Drohtschieife induziert. An
diese it em Empfénger ongeschlossen, welcher auf die Sende-
frequenz abgestimmt ist und dodurch Stdrimpulse unterdrickt.
Der Empfénger ist mit einem impulsformer verbunden, welcher
seinerseits den elekironischen Zeitmesser sievert. Aus der so
gemessenen Zeit 5Bt sich nach der Beziehung

v =36 .3/t

dobei it v=Geschwindigkeit in km/h, s=Wepginm, t=Zeit in s,
die Geschwindigkeit errechnen. Bei sich oft wiederholenden
‘Messungen ist die Umrechmmg umstindhich. Vielfach wird bei
gewissen Messungen ouch veriongt, doB -dos Ergebnis dem
Fohrer sofort, z. 8. durch Tofeln, ongezeigt wind. For diesen
Fall ist sine elektronische Umrechnung der gemessenen Zeit in
di¢ Geschwindigkeit erforderlich. Dies geschieht mit einem
von derFirma Paul E Kiein, Tettnong, entwickelten Ge-
15!, Bei diesem Gersit wird die elektronisch gemessene Zeit
digital nach der oben genonmien Beziehung umgerechnet und
‘sofort ouf Zifferanzeigenrdhren dargestellt. Dos Gerét ist da-
bei 30 ovfgebout, doB bei einer Streckenldnge von 10 m die drei-
stellige Anzeige 4n 1/10 kmfh ongezeigt wind, wihrend bei
emer 100-mStrecke die Anzeige direkt in km/h erfoigt.

121 Anwendung dieses Geschwindigkeits-
MeBverfohrens beim Wedeitest. Bei der Unter-
suchung des Fohrverhottens biefert dersog. Wedsltest, welicher
den Oberhoivorgong ouf der StraBe nochahmt, eine wichtige
Aussoge. Bei ciesemn Test wind eine abgestedkie Strecke durch-

* fohren, 8ild 2 vnd 3. Dobei ¥t es noiwendig, die Ge-

beim Wedeltest
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Durch die beim DOberfohren der
Schieifendréhte entsiehenden impuis-
pokete spricht #m Gerét ein impuls-
former on. Dazu ist eine bestimmie mo-

o pnetische Feldstirke erforderlich. Doher
| komm! es schon kurz vor Erreichen der
© Drohischleife zum Ansprechen. Diese

r
Schieife ] Schisie2 Sldllﬂ'kJ
Bild 3. Drohtschieifenanordnung in der Fahrbohn fir den Wadsltest

"~ Schieife ! Schieife2 Schieife 3
! 2 3 é 5 6
; Dorstetien ] Messen 2 X
Vorbereiten

Bild 4. Impuise om Ausgong der Schieifen fir den Wedelies!

schwindigkeit beim Einfohren in die Wedelstirecke und ouBer-
dem die wihrend des gesomten Wedelvorgonges vorhondene
mittlere Geschwindigkeit zu messen. Aus diesem Grunde sind,
wie Bild 3 zeigt, ouf der Strecke drei Schieifen vorgesehen; die
erste Schieife dient dazy, die Einfohrgeschwindigkeit zu be-
stimmen; die zweite Schieife wind dozu benutzt {wie noch ge-
nou beschnieben wird), um die Anloge weiterzuscholten, und
die dritte Schieife ermittelt die mittere Durchfohrgeschwin-
digkeit wihrend des Wedelests. Alle Schieifen eind +n «er
Proxis thintereinondergeschaliet. Domit ergibt sich om Aus-
gong der hintereinondengeschotieten Schieifen der in Bild 4
gezeichnete impulsplon.

Jeweils beim Uberfohren eines der eingelassenen Drihte
entsteht ein impulspoket. Dies wird in dem impuisformer, der
dem Empféinger nochgescholet ist, zu einem Steverimpuis ver-
-orbeitel. Diese impuise gelongen in dem zur Anloge gehbren-
den Stevergerit ouf einen sogenonnten Ringz&hier. Dieser
steuert nun seinerseits mit den impulsen 1 und 2 direkt das
elektronische Geschwindigkeiis-MeBgerdt, so daB beim Durch-
fohren der Schieife 1 gez8hit und sofort die Geschwindigkeit

errechnet und ongezeigt wind. impuls 3 wind zum Lbschen der

" Anzeige der Einfohrgeschwindigkeit verwendet. impuls 4 dient

" zur Vorberedung fir sine neve Messung. Imputs 5 deitet ohie
neve Messung e, und impuls 4 beendet diese. £5 kommt donn

noch Durchfohren der Schieife 3 die mitilere Geschwindigkest
wihrend des Wedelvorgonges zur Anzeige. Dieses Ergebnis
bleibt ongezeigt, bis es durch Driicken einer Toste om Gerit
wieder geldscht wind. Domit 45t ouch ein never MeBzykius vor-
bereitet. Die Absténde zwischen der Schisife 1 und 2,d.h. zwi-
schen den impuisen 2 und 3, sind so gewShit, daB auch -bes

den hdchsten Geschwindigkeiten, die bei der Messung wor-

- kommen, noch eine Ablesezeit von 0,5 s verbleibt.

122 Genovigkeit der Geschwindigkeits-
MeBonordnung. Die MeBunsicherheit des Gerdtes selbst
ergibt sich ous der Unsicherheit der Zeitme wnd dem
Rechenfehier bei der Ermittiung der Geschwindigkeit. Die MeB-
genovigkeit der Zeitmessung und der Umrechnung ist recht

hoch, der Fehler betrbg!t +0,1%.. Weiterhin geht +n oie Ge- -

novigkeit die Unsicherheit der Wegmessung ein. Diese ist win-
mal durch den geometrischen Abstond derDrhte und zum onde-
ren durch die Genovigkeit der Ansprechschwelie, mit der dos
impuispoket beim Uberfohren mit der Lage des Schisifen-
drohtes Gberemstimmt, . Die Schieife kann ouf 1 em
genau veriegt wenden. Domit bietbt die MeBunsicherheit hier-
-durch unter 0,1%0 (bei 100 m).

- mach dem vorher beschrisbenen Verfohren

Bntfernung 4st von der Hhe der Sende-
spuile itber der Fohrbahn obhéngig,
weil sich mit dem Absiond ouch die Feldsttrke Gndert. Hot
mon bei der Binfohrt und bei der Ausichrt genou Gieseiben
Hohenverhitnisse der Sendespule, donn enisteht kein MeB-
fehler. Da die MeBispule jedoch -ous Bequemfichkeitsgrinden
on der Korossenie, d. h. on der StoBstonge, fesigemacht wird,
konnen durch Bewegungen der Korossenie beim Abbremsen
oder Beschieunigen Hohenunterschiede zwischen Einfohrt und
Ausfohrt oufireten. Diese Binfiisse wunden untersucht.

Bei einer Hohe der Spule von 100 mm spricht der impuis-
former 200 mm vor Erveichen des Schieifendnohies on. Andert
sich die Spuie én ihrer Hohe um 50 mm — ein +n der Proxis
sehen vorkommender Wert —, dann dndert sich der vorher
geronnte Ansprechwert um +25 mm, Die Ein- bzw. Avsfahr-
marken sind o0 mit einer Unsicherheit von £25 mm vorhon-
den. Damit engibt sich eme MeBunsicherhe#t von 10,5%. Diese
Genouigkett ¥t im oligemeinen volikommen gusreichend. Folks
s aber erforderlich ist, die Fehler kiewner zu machen, konn dos
durch Befestigen der Spule on der Achse durchous erreicht
Wmn. : ! | i :

2. Messung der Seitenwindempfindiichkeit von Fahrzeugen

Zor -der Seitenwindempfindlichkeit von Fohrzeu-
pen ist ouf -emner Teststrecke der Vemuchsbohn der Firmo
Daimler-Benz eme Anzohl von Geblisen quer zur Fohrbohn
oufgebout [2], on welchen dos Fohrzeug vorbeifdhrt. Zur Be-
vrieilung mub die Abdrift des Fohrzeuges beim Vorbeifahren
on den Gebl&sen gemessen wenden. Die Anloge dst in Bild 5
mit einem Versuchsfohrzeug withrend einer beskimmten £ni-
wickiungsphose 2u sehen. -

Die einfachste Methode zur Messung der Abdrift -besteht
nun dorin, mit Hilfe won PreBlult Wosser wihrend des Durch-
fohrens ouf die StraBe zu spritzen. & konn donn noch der
Fahrt on Hond der Wassemspur ddie Abdnift ermittelt werden.
Dieses Verfahren tst-einfach, allerdings zeitoufwendig und bei
Regenwénter nicht durchfihrbor. AuBerdem fihrt es ouch bei
mehreren Fohrien,die hinteremonder durchgefihrt werden, zu

Es bestond daher fir «den Elekironiker die Aufgobs, die -
Position des Fohrzeuges om Anfong und om Ende der Test-
shrecke festzustelion und sofort enzuzeigen. Dozu muB ouBer-
dem moch die Geschwindigkeit gemessen werden. Dies m

durchgeflhrt
4egt ol Digiolonzeige vor. £5 war doher noheliegend, ouch
-die Abdrift digitol onzuzeigen. . ' S
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Bild 6. MeBprinzip zur Erfossung der
Abdrift eines Fohrzeuges

2) MeBverfchren

Entsprechend Bild & wird die induktive Kopplung zweier
Spulen ols MeBprinzip benutzt. Am Fohrzeug befindet sich
eine Sendespule, die von einer Wechselspannung kiemer Lei-
stung, die im Fohrzeug erzeugt wird, erregt wind. Die Spule
besteht ¥m Prinzip ous einem Ferritstab, der mit einer Wick-
tung versehen ist, so doB sich ein mognetisches Feld ergidt. in
der Fohrbohn eingelossen sind eme Reihe von Empfongs-
spulen. £ hondett sich dobei um offene Topfspulen, deren
Joche ebenfalls ous Ferritmotenial bestehen. Steht die Sende-
spule genou Ober einer Empfangsspule, so sind diese beiden
Spulen om engsten gekoppelt. Am Ausgang dieser Empfongs-
spule entsteht donn die hdchste Sponnung. Die daneben-
* liegenden Spulen werden zwor noch vom Strevfeid der Sende-
spule erfaBt, peben ober kisinere Sponnungen ob. Beim Dber-
fohren der Empfongsspulen mit der Sendespule om Fohrzevg
-entstehen je nach Geschwindigkeit on den Spulen kirzere oder
I&ngere impulspokete. Die in die Spulen induzierte Wechsel-

sponnung wird gleichgerichtet, Bidd 7. Diese Gleichspon- .

nung I6dt einen Kondensator ouf. Da on der Spule, welche der
Antenne om ndchsten 4st, die grdBie Sponmung entsieht, -ist

on dieser zuerst -ein definierter Sponnungswert erreicht wnd |
dodurch die Stelle markiert, on weicher dos Fohrzeug die

Spulenrethe Gberfahren hot.

AN
. r o
- Emplong- ;
: . ‘Bild 7. Beschol der
' pule - % Emprongupde T
. <Empleng~ o '
. aputen

Bilkd 8. Verknipfungsscholtung fir die Driftmessunp

Bild 9. Gesomtschaltung zur Drifimessung

Aus den vielen in der Fohrbohn eingelossenen Spuien mub
also diejenige ouspesucht averden, welche zuerst einen be-
stimmien Sponnungspege! erreicht. Die dazu aotwendige Ver-
knipfungsschattung ist +n Bild B zu sehen. Die on den Spu-
den onstehenden en gelongen zu ener Torschal
‘ung. Zundchst sind dhie Tore alle gedfinel, und die Sponnun-
gen konnen die danach folgenden Trigger beemflussen. Unter
Trigger versteht mon dobei eine Schottung, die bei einer ge-
nou defimerten Eingan vmkippt und dabei am
Ausgang ein elektrisches Signal abgibt. Der Verknipfer ist
50 , toB, wenn ein Trigger umpekippt ist, alle Tore
und domit auch olle onderen Trigper gesperrt sind.

Wind oun beim Dberfohren mit der Sendespule bei einer
Empiongespule der Trggerpegel erreicht, €o spricht nur derzu
dieser Empfongsspule gehdrende Trigger on. Ein Ausgongs-
signol entsteht ©lso ewr on diesem Trgger. Das vorhondene
Signo! konn ewn 2. 8. ouf winem Tobleou ongezeigt werden,
welches die Nummer der Oberfohrenen Spule tr5gt. Die Aus-
ignole der Trigger kdnnen ouch umcodiert werden, so
eine Anzeige den toisichlichen Abstdnden entsprechend
-erfolgt. : .

22 Aésgeifﬁ'hr#e MeBonicge

Bei der .ausgefhrien Antage, Bild 9, betrogen die Spu-
{enobstnde 5 tm. 4n der Austohrposition sind Spulen Dber
—weine Longe von-« m guer zur Fahrbohn in diese -eingelassen
worden. Diese Strecke veicht fir .die vorkommenden Werte
der Abdrift ous. Bei den Messungen soll zwor on einer genau
gekennzeichneten Stelle eingefohren werden, wos jedoch nicht
immer exokt emgeholisn werden konn. Infolgedessen ést-es
notwendig, ouch ouf der Einfohraeite Spulen in der Fohrbahn
unterzubringen, welche die Einfohrposition kennzeichnen. Hier
kommen nie griBere Abweichungen ols +50 ecm wor, so daB
Spulen éber 1m Lénge i der Fohrbohn onzuordnen sind. Die

- beiden Spulensiitze sind mit je emer Verknipfungsscholtung

verbunden. ist die Testsirecke von einem Fohrzeug, welches
mit Generotor und Sendespude bestiickt st, durchfohren wor-
den, 30 ist in den Verknipfungsscholtongen die Einfohr- bzw.
Ausfohrposition durch ein Signol morkiert. Do die Abweichung
n cm onpgezeigt werden soll, werden die Signole umcodiert.
Wenn z.B. die 7. Spule Dberfahren worden ist, donn soli nich!
der Wert 7 sondern die Zohl 35 emscheinen. Do die Anzeige
mit Gimmazifferrdhren erfolgt, 45t nach der Umcodierung je-
‘weils noch ein Rohrentreiber erfordertich. Die Ziffernonzeige
der Bin- und Ausfohrposttion wind zweckmiBigerweise unter-
einonder ongebracht, wie im Bild 9 dorpestelit.




" Rodes wird aber nicht nur ein impuis pro Umdrehung zur Mes-
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Bei der ousgefihrien Anlage schiieBen die Spulen ouf der
Austohrseite on die Verlongerung der Spulen ouf der Einfohr-
seite on, Bild 9. 4n der Ausfohrposition wind i Richtung der
Abdrift gezéhit. Auf der Emfohrseite wird emgegengesetzt
gezGhit. Domit ergibt sich die Abdrift ols Summe der beiden
ongezeigten Werte und nicht wie bei einer Zéhlung in glei-
cher Richtung wls deren Differenz.

23 Gencvigkeit des MeBverfohrens

Bei einem geniigend schorf gebindelten Feld ist der Feh-

ler =Y, Spulenabstand, d. h. £25 mm. Bei der proktischen Aus-
fohrung wurden Scholenkerne mit 36 mm () ongewendet und
in der Fohrbohn verlegt. Die Sendespule wurde auf einen
Ferritstab mit co. 200 mm Lénge gewickelt. Bei Absténden von
70 mm zwischen Sendespule und Empfongsspule erpibt sich
domit die vorher angegebene Genouigkett, do dos Feld noch
genbgend stork gebindelt ist. Werden groBere Absténde ver-
‘wendet, geht die Genouigkeit zurick. Befestigt mon die Sen-
despule der Einfachheit holber on der hmteren StoBstange des
Fohrzeuges, muB sie mit co. 150 mm Bodenfreiheit montiert
werden. Die Unsicherheit betrdgt donn +50 mm, d. h. einen
Spulenobstond. -
. Da bei kieinen Absténden von der Fohrbohn die Gefohr
besteht, doB die Spule beschédigt wind, nimmt mon $eber die
verkieinerte MeBgencvigkeit in Kouf und verwendet den gro-
‘Beren Spulencbstond.

Do im oligemeinen Abdrifien von einigen Metern {2 bis4m)
vorkommen, betrigt im letzieren Folle die MeBunsicherheit

~mer noch £2,5% wom MeBwert. Eine ErhBhung der MeB-
~ourgkeit #st 9m oligemeinen nicht erfordentich, ouch schon

-naltb, weil eventuelle Winkelfehler bei der Einfichet in weit
urkerem MaBe 4m Ergebnis entholten sind.

‘3.Messung des dynomischen Rollradius 14,0

Der dynomische RoHrodas st definiert ols der Holbmesser
eines Rodes, der sich beim Fohren enstelit. Er ist proportional
der zurickgelogten Wegsirecke, geteilt durch die Umdrehungs-
zohl des Rodes. Der dynamische Rodiradius mimmt wegen der

ouf das Rod wirkenden Fliehkréfte mit der Geschwindigkeit zu. -
‘Durch den mit der Drehzohl stéirker onwochsenden Schiupf bei

den ongeiriebenen Rodern &konn er sich bei diesen Rédern
-svieder verkieinern.

3.1 MeBmethode

Entsprechend der vorher gegebenen Definition W.ld‘ Dber
eine gencu bestimmte Strecke, 2. B. 100 m, mbglichst genou die
Anzohl der Umdrehungen des 2u ontersuchenden Rodes er-
mittek.

. Die Strecke st wiederum wie bei der Geschwindigkeits-

- nessung durch eine #n die Fohrbohn eingelossene Drohischiei-

fe defiwert. Zur exokten Bestmmung der Umdrehungszah! des
- sung bendtzt, sondem «n impulse. Die Rodimpuise werden it

- einem elekironischen Zshler gezshlt. Die Z&hibersitschoft des

Gerdtes wird hierzu wieder, Shnlich wie bei der Geschwin-
-digketsmessung, durch die impuise der Schieife gestevert. Auf

«er Strecke ¢ sollen nun in den Z&hier A impulse eingezhit .

werden. Donn ergibt sich:

c=~A~%~2a~t.,..
—— — g’

_- . .ond dorous Tom =

nes
2a A

Wahit mon o = £3, so ergibt sich mit guter Anndherung for
eine 100 mStrecke

1000

= Im

Tdyn =

32MeBoufbay, Bild 10

in dem zu untensuchenden Fohrzeug wird wieder ein Gene-
7ator und eme Sendespule untergebracht; auBerdem ist dos
interessierende Rad mit einem impuisgeber mit 63 impuisen
wersehen. Die Signole des impulsgebers werden Gber einen ém
Fohrzeug befindlichen Telemetrie-Sender und einen Empfanger
ouf den sm MeBroum stehenden Zdhier . Befindet
sich dos Fohrzeug ouBerholb der Schieife, donn ist der Z8hier
noch gesperrt, und es wenden keine Impuise gezshit. Beim
Einfohren des Fohrzeuges in die Schieife enisteht, wie bei der
Geschwmdigkerismessung, in impuispoket, welches Gber den
impuisformer dos Storisignal gibt. :

Die von dem Rad drohtios ankommenden impulse werden
4m Z5hler gezshit, und zwor 60 dange, bis die Sendespuie om
Fohrzeug die Schieife wieder verl&Bt; donn kommt Gber den
impuistormer der Stoppimpuis. tNach dem Durchfohren steht
+m Z&hier die Zohi A, wnd s konn dorows, wie vorher be-
schrieben, der dynomische Roliradis emrechnet werden. Dieser
Wert stellt sinen Mitielwert des Holbmessers Ober der durch-
fohrenen Strecke dor. Paroliel dazy erfoigt ‘sine absolute Ge-
schwindigkeitsmessung mit Hilfe derselben Schisife, wie wnter
‘Abschnitt 12 beschrieben, do mon immer die zv dem gemes-
senen dynomischen Rolrodivs gehbrende Geschwindigkeit
kennen will.

Wenn &s nicht unbedingt erforderlich ist, dos Ergebnis so-
Yort moach dem Durchiohren ouBerhalb des 2v be-
sitzen, «omm dos Verfohren ouch abpewondett werden. in die-
sem Foll wird der Z6hler +m untergebracht. Der Te-
Jemetrie-Sender entfilit. Der Genercior speist nun die Schiei-
fe. Die Spuie om wirkt ols Empfongsspule wnd stor-
4t bzw. stoppt den Zahler Giber einen impuisformer.

33 Genovigkeit

Duos Ergebnis #m ZShier est mit winer Unsicherheit von 1
-impuis behoftet. Bei der Anwendung von 63 impuisen pro Um-
‘drehung, bei einer Fohrstrecke von 100.m und bei einem Rod-
-wmfong wvon ungefihr 2 m-ergibt sich domit eine MeBunsicher-
“heit von 203%c. Die erzielbore Genavigkeit ist oiso durch
‘die Anwendung der elekironischen Methode recht-gut.

Bei der Berechnung des dynamischen Rolirodius mit der vor-
+her onpegebenen N&herungsformel ergibt sich ouBerdem noch
win sysiematischer Fehler ous 6,3/2x, enisprechend 0,3 %

* Dieseg ist, fobs erfordentich, durch exokie Berechnung vermeid-

Bei der Entwickiung von Fohrzeugen st es wichlig zv erfoh-

wen, wie gut @in Fohrzeug unter der Einwirkung von Fohr-
bahnunebenheiten genodeausiauti. &s ist olso die Abweichung

- avon einer ouf der Fohrbohn gedadhien Geroden meBtechmisth

. ; dieses Ergebnisses ist s ouber-
«dem noch erforderiich, zu erfohren, wie groB die zugehbrigen
: wind. Daher werden ouch die Lenkrod-

Lenkrodbewegungen
~ drehwinke! gemessen. Dos Geradeouslovfverhaien srgibt sich

donn aus der Beurteilung dieser beiden Vorglinge. Man kbnn-

e T

Bild 10. MeBonordnung zur Messung -des dynomischen Roliradius
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Bild 11, MeBprinzip zur Erfossung der Abweichunp eines Fohrzev- '

ges von einer Geroden

te nun beides mit Hilfe eines Oszihographen oufzeichnen und
donn bewerten, und zwor noch GréBe und nach der Haufig-
keit der vorhondenen Ausschidge. Es wt recht zeftraubend,
diese Ergebnisse ous emem Oszilogromm zu gewinnen. Do-

her besteht der Wunsch, das MeBverfohren so zu gestalien, » )

coB die Ergebnisse bereits klossiert erscheinen.

41 Me8Bverfohren

Als MeBprinzip bei der Erfassung der Abweichung des Fohw-
zeuges von einer Geraden ouf der StroBe wird wiederum die
induktive Kopplung zwischen einer Drohischieife und Spulen
ousgenitzt. Zu diesem Zweck wird in der MeBstrecke, ouf wel-
cher die Messungen siattfinden sollen, sine Doppelleitung ous-
pelegt, die wiederum mit emer Wedmeispannung gespeist wird.
Am Fohrzeug befinden sich Empfongsspulen. Die in der Fohr-
bohn befindliche Doppelertung besitzt sinen magnetischen
Feldverlouf, wie ouf Bild 11 dargestetit. Zur Orisbestrmmung
des Fohrzeuges werden diesmal Spulenpaare angewendet. Be-

-findet sich je eine Spuledes Poares rechis und dinks der Symme-
treebene des mognetischen Feldes und domit auch rechts und
links der DoppeNeitung, s0 werden sie von gegensinnigen
Feldiinien durchsetz!, und man erhélt domit on den Spuien
- gegenphosige Wechseisponnufigen.

Ist dos Spulenpoor {rechts oder ¥inks) ouBerholb der Sym-
metrieachse der Leitung, 30 werden die Spulen von Krofthnien
~ -gleicher Richtung geschnitten. Es entsiehen domit on den Aus-

Biid 13. Spvlensotz om
Faohrzeug

MARER

I

D

Bild 14, Spubnonoudmng zvur Erfossung der Abweichung eines
fFohrzeuges von einer Geroden

pdngen der Spulen gleichphosige Sponnungen. Die Ausgange
der beiden Spulen fihren ouf sine Entscheideemheit, weiche
om Signol abgibt, wenn sich die Symmeirieachse zwischen
den Spulen befindet {Zustand L), im onderen Foll enisteht kein
Signol (Zustand O). Domit ist eine beskmmie Breite in der Ab-
‘weichung des Fohrzeuges und domit eine Kiosse definiert. Wil
mon, wie s For e Haufigkeitskotiektiv erforderdich 1, meh-
rere Kiossen,donn benShgt mon mehrere Spuiensitze, wobei
sich diese kombinieren lassen, so daB sich die Gesamizohl

. Spulen veduziert und nur s0 wiel Spulen bandtigt werden,

wie Klossen vorgesshen sind.
42 MeBonloge

42) Klossierung der Ab-
weichung. in Bild 12 ut eine
Obersicht Sber die ousgefthrie MeB-
-onlage pegeben. Am Achsschenkel eines
-Vonderrades »1d 8 Spulen ongebrocht
und n-einem Gehduse vereinigt, wie
‘Bild 13 zeigt. Diese Spulen missen

sich wihrend der MeBfohrt Gber der
ousgelegten Doppelieitung befinden.
Die Abstdnde der Spulen unteremonder

-emsprechen der zu kiossierenden Bmfe
sie betragen 3 cm.

Die Foorvng der Spulen ist gemdB

%

Bild 12, Bledsdvohbnbd der MeBonloge zur Gewinnung des ‘H&uﬁgkutskolbkhvs der Abvm-
s Fohrreuges von emer Geroden und der Lonkrodmd\ Gpe

chung de

Bild 14 vorgenommen und mit A bis
‘D bezeichnet. Jedem dieser Buchsioben
entspricht eine Entscheideesinheil. Fahrt
das Fohrzeug beispielsweise, siehe PreH
- in Bild 14, o, dob sich die Symmeinie-
achse der Le#tung +n der Kiasse 3 befin-
det, donn gilt:

A=_B=LC=LD=0
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Wegabweichung auf Stralie

1Kigsse =3cm

iosse Lenkradbewegung

BHd 15. Aufzeichnung des kissierien 25
e
i rzougs en . ‘.L. "‘= FL =L

winkels Uber der pefohrenen = - 4

Strecke 3 1 . !
-3] :
-4

1Kigsse = 7°

Dber die mit Decodierung im Bild 12 bezeichnete Verknip-
fungsschottung wird in diesem Folie Gber einen Leseverstirker

-das Z&hiwerk der Klasse 3 angesievert. insgesomt sind 7 Kios-

sen vongesehen. AuBer den Signolen fiir die einzelnen Klassen
Hefert die Decodierung noch ein Signal, wenn sich dos Fohr-
zeug bzw. der Spuiensatz nicht mehr Gber der Doppelieung
befindet. Dieses Signo! wind dozu verwendet, die Lenkrod-
drehwinkelklossierung zu sperren, weil bei der Gerodeous-

" loufklossierung donn nicht mehr gezahit wird.

422 lenkrod-Drehwinkelklassierung. Zur
Erfossung des Lenkraddrehwinkels wind mit dem Lenkrod ein
‘Potentiometer mechonisch verbunden und mit emer konston-

_ 4en Gleichsponnung versorg!. Die om Potentiometer stehende

-Spannung geht nun ouf so viele Fensterverstarker, wie Kias-
sen vorgesehen sind, d. h. im ousgefihrien Gerdt ouf B Fen-
sterverstirker, deren Avsgdnge ouf die Z&hiwerke firhren. Be-

. konnthich sind Fensterverstirker Einrichiungen, welche olnslg-

nol obgeben, wenn die Eingongssponnung n zwei ge-
nou definierten Werten Hegt. Die Fensterverstirker hoben

- eine Klossenbreite von 7° und schlieBen aneinonder on. Es

konn ober durch Weoh! der Ubersetzung zwischen Lenkrad vnd
Potentiometer die Klassenbreite beliebig voriiert werden. -

423 Darsteliung des Ergebnisses. Beim Durch-
fohren durch die MeBstrecke wird in beiden Kiossiergerdten
‘jeweils donn um eine Einheit weHengez&hit, wenn die Kiassen-
grenzen von oben oder unten herkommend Gberschritten wer-
den. Noch Durchfohren der MeBstrecke hat man noch Ablesen
der einzeinen Z5hler sofort die gewlnschte Haufigkeitsvertei-
hung. Es hondelt sich dobei ¥m tas om winfachsten 2u gewin-
nende Haufipkeitskoliekhv der Schweliwertitber- wnd wnier-

T ‘.'sdwcium.

Zu bemerken .ist noch, daB die GerodeousioufzShler keine

definierte Nullkiosse haben, do diese vom zufsHigen Enfoh-

ren in die MeBstrecke abhéngt. Bei der Auswertung wird die

" om hévfigsten oufiretende Klosse zur Nubldosse beshmmt.

Der Lenkroddrehwinkel dogegen besitzt eine Nulloge. Sie ést
defimert durch die Geradeousstellung der Vorderrider.

Der Verpleich der Haufigkeiten beim Durchfohren mit meh-
reren Fohrzeugen {oder bei Variotionen om zv untersuchenden
Fohrzeug) bilkdet direkt Das Ergebnis. in monchen Félien ist es
ober ouch zweckmé&Big, die zeitliche Rethenfolge der Kiossen-
Gberschreitungen zu erfohren, um Zusommenhdnge zwischen
der Lenkradbewegung und den Abweichungen ouf der StroBe
kennenzwlemen. Aus diesem Grunde wird n der mit ,Um-
formung fir die Aufzeichnung” bezeichneten Scholiung von
Bild 12 eine Ausgongssponnung -erzeug!, die der Kiassen-
hohe proportional 4st. Domit I6Bt sich ouf einem Oszilo-
prophen der klossierte Verlouf der Abweichungen zeitlich dor-
stelen, Bild 15.

43 Genovigke it der Anordnung

Hohencbweichungen der Spule durch Einfedern des Rodes
‘fohren 4m Gegensotz zv den worher beschriebenen MeBver-
-fohren 2vu keiner MeBunsicherheit, da die Symmetriebinie der
:in e Fohwbohn eingelossenen Doppelisitung hdhenvnabhén-
gig #st. Die Lenkradeinschiige dogegen erpeben einen MeB-
fehier, weil sich die Achse der Spulen mit dem Radeinschiog
schrdg etelt und domit nicht mehr senkrecht au der-én die

" Fohrbohn eingelossenen Lerung ist. Diese EmfiDsse sind jedoch

sehr unbedevtend, do nur kieine Rodeinschltge vorkommen.
So -hdngt die insgesomi vorhandene MeBgenovigkeil im we-
sentlichen von der Ferfigungsgencvigkeit der Spulensitze und
der Genouigksit ab, mit welcher die 200 m donge Doppeliei-
1ung werlegt wenden konn. Fine Genavigkeit ouf 2 bis 3% ist
domit ohne weiteres erreichbor.

3. Setrisbserfahrungen

Die beschniebenen Anlogen eind nun schon mehr als ein
Johr an Beinieb. Dabei konnten eimge Erfahrungen gesommelt
werden. Durch Witterungsenfiisse und Temperoturschwon-
kungen swrden onfdnghich die Schisifen zerstdrt. Durch ent-
sprechende Verlegung der Drhte und durch Verwendung von

. Leitungen mit hochwertiper isolotion ist s gelungen, diesen

Schwierigkeiten Herr zu werden. Meistens werden die Mes-
-sungen ouf Betonpisten enit StoBiugen ousgefhrt. Domit mis-
‘sen ouch die Schisifen n der Betonpisie verlegt werden. ist
eine Schieife 50 tang, KiaB sie mehrere Beionplotten umfobt,

-so&bnnen bei onholtenden Regentalien Schwienpkeiten durch

die leitfchigkeit des Mateniols in den & auftreten.
Mon erhélt donn ouch an den Fugen innerhalb der Schieife
impuise. AHerdings sind diese Sponnungen «ieiner {etwa V),
$0.doB sie durch entsprechende Einstellung om impuisformer

Die Spulen #ir die Driftmessung muBten ebenfolls nochdem
sersien Winter ausgewschselt wenden, do die VerguBmosse on
winigen Stelien Rise bekommen hotte, so dof Wosser ein-
dringen konnte, wos durch die Eisbildung zu einer Sprengung
-getihrt hot. Durch Einsatz einer geeignsien VerguBmaosse
JieBen sich diese Schwienigkeiten beheben , ,

Die ongefihrien Beispisle zeigen, doB es mit Hilfe von elek-
tronischen Scholungen unter Ausnitzung bekonnter physiko-
lischer Effekte pehingt, racht sinfache und genoue MeBverfah-
Ten 2u cfmuéﬁen, die bei der Entwickiung von Fohrzeupen von
Nytzen sind. : : :

Sehriiom o

N] Steinbrenner, H. ond Florus, H.J.: Tber meve Wethoden zur
Y 3 oG Voriiom 5 P 1L S 1
anvor

T2] Engels, R.: Unersuchungen Dber Fohririchtungsholivng. Z. VD!, Fe-
bruor 1964 .
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Vehicle Test Department
Nissan Motor Company Co., Ltd.

NISSAN FULL-SCALE WIND TUNNEL

In the development of highespeed automotive vehicles, the wind
resistance and vehicle stability characteristics, particularly aero-
dynamic 1ift and side force effects, must be better understood.

For this anu othor purposes, Nissan Motor Company has constructed
a new full scale wind tunmel, in 1968, now in operation at our Oppama

Proving Ground.

Nissan Full Scale Wind Tunnel is of the Eiffel type, with a contrae

ction ratio of 2.86 and a maximum wind velocity of 33meters per second.
The test section is closed, and its dimensions are ; width fmeters,

height 3.5meters, and length 10meters. Equipment cosists of 3-component

load cell, multi-point pressure recorder, turn table, data reduction

system, etce.
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The tyre test track in Vizzola
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THE DUNLOP TYRE DYNAMICS MACHINE ' E qu L i
D. J. Osborne Er] !

Dunlop Limited, U.K.

1. Introduction

During the last decade, increasing emphasis has been placed upon
vehicle safety by both the tyre and vehicle manufacturer.

The tyres play an important role from the point of view of wet and
dry grip performance, control under deflated conditions, and high
speed stability and response. The tyre designer is continually
optimising the tyre construction in an endeavour to satisfy these
.constraints. In the case of vehicle handling, the designer must
first determine the critical components before such modifications
can be made,

On the other hand, the vehicle manufacturer, while not being
concerned about the basic tyre mechanics, demands performance
characteristics of tyres for use in methematical models of vehicle
and suspensions. These models were originally based upon steady-
state tyre data, which proved adequate for models relating to normal
driving conditions invelving low frequency manoeuvres. However, for
the study of events arising from rapid wheel movements, as in the
case of shimmy or accident avoidance situations, it is necessary to
account for the tranesient characteristics of tyres.

To provide information of this type, the Dunlop Tyre Dynamics
Machine has been developed. This equipment permits four independent
transient motions to be applied to the tyre, namely vertical and
lateral displacements, together with steer and camber rotations.
Potentiometers which record the instantaneous wheel position, and a
strain-gauged force transducer system, enable the resulting six
components of tyre force and moments to be evaluated at the contact
patch as & function of wheel orientation and time.

2. Description of Machine
2.1, Frameworks

The Tyre Dynamics Machine comprises a large diameter smooth cast iron
drum upon which rolls & tyre/wheel assembly supported by moveable
frames. The frames are three interconnected structures shown
schematically in Figure 1. The wheel hub is supported by the six
strain-gauged links mounted in & cube arrangement. Such a system
allows the forces in the links to be resolved into three forces and
three moments with respect to mutually perpendicular axes. The “"cube"
is attached by means of linear bearings to the steer (slip) angle
framework. Thie allows the wheel axle to be moved vertically

relative to the slip angle frame thus giving varistion in exle height
and tyre load. '
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VERTICAL MOTION

ACTUATOR
SLIP ANGLE
ACTUATOR ¢
M O£ '
i ML |
< - - - ——/—-r
TOP VIEW
KA
SIDE MOTION —
ACTUATOR ~
CUBE OF FORCES
CAMBER AXIS
SLIP ANGLE
- FRAME
SIDE VIEW
- = *~) CAMBER ANGLE
‘IN FRAME
DISC BRAKE 7B SLIP ANGLE
/ ~ AXIS
56 KW DRIVE —
CAMBER
DRUM SURFACE SPEED ACTUATOR
+ 220 KMMH
DRUM CIRCUMFERENCE 7.50 M
DRUM DIAMETER 239 M
Figure 1

CONFIGURATION OF DUNLOP TYRE DYNAMICS MACHINE
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The steer framework pivots around two taper bearings which are
positioned so that the king pin inclination relative to the wheel
plane is zero and the steer offset at the drum surface is small.
This is achieved by locating the king pin inside the drum. The king
pin also forms part of the framework that allows camber motion. The
camber axis has been chosen to be tangential to the drum surface and
intersects the axis of the king pin at right angles.

The verticel, steer and camber frames are supported on two pedestals
which house the linear bearings necessary for the lateral motion of
the entire assembly. The interconnection of the frames has been
designed so that each of the four motions can be applied independently
or in any combination.

2.2, Control System

The force required to move the frames is supplied by four electro-
hydraulic actuators operating at 140 kg/cm2.

The actuators are controlled electrically using standard modular
systems. The main components of the control system are an input
signel, a transducer, a closed loop controller and error level
detection networks. A typical example is shown in Figure 2.

SIGNAL SOURCE 3. TERM
CONTROLLER
§

STATIC . ~—Q——— >~ ACTUATOR RIG

' y

DYNAMIC DITHER OSC. !
( OSCILLATOR ) |

TRANSDUCER

EXTERNAL

( COMPUTER, | ,
T/REC) L e e owe—e —-o COMPUTER

Figure 2
TYPICAL CONTROL SYSTEM FOR TYRE DYNAMICS MACHINE

2.2.1. input Signal

The displacement of the actuator is proportional to the applled signal
level. The input can be generated in three ways:
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(a) A static D.C. level input, which displaces the actuator a
fixed amount. This type of input is used to determine steady
state tyre properties.

(b) A dynamic input. This signal is obtained from a function
generator and is added to any D.C. signal that has been set.
The function generator provides a wide range of dynamic signals
together with & single cycle and quarter cycle facility for
special purpose tests. Frequencies from .001 Hz to 100 Hz are
available in sinuscidal, square, ramp and sawtooth waveforms.
The oscillator is common to all four actuators, although the
amplitudes are independently controlled.

The sinusoidal input is of particular interest in the study of
tyre transfer functions, whereas the quarter cycle square wave
can be used to generate step inputs.

(¢) External inputs. Selecting the external input facility
disconnects the function generator and asllows the static input
to be summed with some external source. This may be from
another oscillator, tape recorder or a mini-computer. The
latter facility enables tests to be performed under computer
control with the computer effectively forming part of the
machine control loop, and enables more rapid and accurate
settings to be made than using manual control.

It is thus possible to program the computer to perform automatic
tyre testing, both for steady state and transient manoeuvres.

2.2.2. Transducers

Conductive plastic potentiometers having infinite resolution are used
to measure the attitude of the machine. Rectilinear potentiometers
ellowing a measurement better than .l mm are used for the vertical

and lateral displacements, and rotary potentiometers measuring to
within .05° are used for the slip and camber angles. A supplementary
potentiometer is mounted on the steer angle frame and driven through a
5:1 gear mechanism in order to increase the accuracy of measurement in
the small slip angle region.

A load cell mounted between the vertical actuator and the hub frame
gives an approximate auxilliary measurement of tyre load. This
measurement will be affected by camber, and consequently the true
vertical tyre load is computed from the '"cube" transducers.

2.2.3. Closed Loop Control

The input signal to the actuator and the output signal from the
transducer are compared using a three-term controller. Adjustments
can be made to ihe controller to optimise the stabilisation of the
system.

The control of the axle position differs slightly from that of steer,
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camber, and lateral motions, in that two forms are available. The
first is using 'position' mode, whereby the output from the axle
height potentiometer provides the feedback signal. Secondly, under
'force' control, the load cell is used and the potentiometer isolated.
Position control is used for the majority of tyre tests since this
has the higher frequency response and ensures a fail-safe situation
in the case of sudden tyre deflation.

2.2.4. Error (level) Detection

The values of the controlled variables are continuously monitored by
level detectors to ensure that the signal levels are within a pre-
set safe operating range. In the event of any displacement or
rotation exceeding the specified safety limits, the error detector
automatically retracts the tyre from the drum surface.

2.3. Performance Characteristics

The response of the four motions can be measured either in terms of
frequency/amplitude characteristics or by defining the maximum rate
of change of position resulting from a step input. These parameters
are summarised in Figure 3 together with the absolute range of each
motion.

ETER HANGE RESPONSE
PARAM SINUSOIDAL STEP
4+ 15°AT5 HZ 20°/SEC
©
S £ £ 05°AT 10 HZ
+ 15°AT4 HZ
CAMBER £ 15 45°/SEC
+ 03°AT8HZ
T + 10 MM AT 6 HZ
AXLE HEIGHT 38070 230 MM 350 MM/SEC
300 TO 150 MM £ 25MMATI12 HZ
+ 20 MM AT 4 HZ
LATERAL + 100MM 200 MM/_SEC
+ 4 MM AT 8 HZ
Figure 3

TYRE DYNAMICS MACHINE PERFORMANCE
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Two ranges of axle height are available by using an alternative hub
mounting. This allows model and small aircraft tyres to be tested as
well as the full range of car tyres. The tyres roll on a smooth drum
(2.39 m diameter) capable of surface speeds of +220 km/h. Lateral
force coefficients in excess of .7 can be achieved on this surface.
At the present time only dry interface conditions without driving or
braking are available.

3. Computer System

The study of transient tyre properties requires & measurement system
that is both fast and accurate. This is achieved using a digital
computer system, as described in Figure 4.

’comwrsnamommowmn.sl-z
24 K = 16 BIT MEMORY
VDU PERIPHERAL CONTROL
PRINTER COMMUNICATION CONTROL f———— B™ 370
DISC  ANALOGUE CONTROL
poe - -— r - -_—_
TME | OPTICAL | OUTRUT
PUNCH BASE : ENCODER
1 R
FILTERS
4
UNKS 1- 6 ——— ‘ sup BER EXTERNAL INPUTS
sLP — ——— CAM TO RIG
CAMBER  ——o—l = HEIGHT
LATERAL g — prpe X . AXIS X - Y PLOTTER
OSCILLATOR =g Lo ¥ . AXIS OR
DRUM SPEED ——o— Lee— PENUFT OSCILLOSCOPE

Figure 4
TYRE DYNAMICS MACHINE COMPUTER SYSTEM

The computer performs four main functions, namely date acquisition,
computation and display, machine control, and teleprocessing.

By using a parallel-sample technique &ll input channels are sampled
simultaneously. The required speed and accuracy is obtained using 14
bit ADC's having a maximum sampling rate of 50 kHz per channel. Prior
to sampling all signals are passed through low pass filters to remove



-7

high freguency noise. The actual sampling rate can either be
controlled by a clock tc give selectable frequencies in the range 1
to 5000 Hz over all channels or, alternatively, measurements can be
made at equi-spaced positions around the rotating tyre in the range
1 to 512 samples pe. revolution. The latter facility is achieved
using an optical encoder mounted on the wheel axle. This dual
sampling method gives & convenient way of studying either time or
distance dependent phenomena.

The raw datz is stored in memory until all the required samples have
been obtained. The computer then performs the necessary scaling,
transformation of axes, and corrections arising from calibration, so
as to obtain the three forces and moments acting at the contact patch,
according to the S.A.E. sign convention. The calibration of the
machine was obtained by applying known static forces and moments and
calculating errors due to cross-coupling. This generates a 6 x 6
matrix of correction constants which is approximately a unit matrix.

The computed values can then be displayed on a number of output

devices. The mini-computer is linked to an IBM 370, which handles long-
term data storage, together with more complex data processing such as
smoothing and asutomatic graphical output.

A suite of programs are available to perform a wide variety of tests.
These include steady state analysis, impulse and sinusoidal frequency
response, and simulation of wheel motions to reproduce in-service
conditions. All programs are written in either Assembler or Fortran
and can be readily modified to incorporate any specific test
requirements.

4. Tyre Testing

Methematical models relating to some aspects of transient tyre
properties have been developed by & number of authors. In particular,
Pacejka (1), and Segel (2) have given solutions for the steer response
of tyres based upon the analogy of a stretched string on an elastic
foundation, corresponding to the tread and carcass regions
respectively. The Tyre Dynamics Machine provides a practical means
of evaluating the validity of such theories. O0f particular interest
are the generation of tyre forces associated with a step input of
steer angle, as arises during emergency Manoeuvres, and secondly the
more general frequency response characteristics of the tyre expressed
as an amplitude and phase relationship to the applied motions.

4.1, Response to & Step Input

When the tyre is subjected to a step change of steer angle, the
lateral force generated by the tyre rolls a finite distance before
attaining a new steady state condition. The mathematical model
differentiates between two regions. When the distance rolled is less
than the contact length, the build-up of lateral force is proportional

to the distance travelled, and beyond this region the curve becomes
exponential.
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Figure 5 gives the experimental results from the Dynamics Machine of
such a step input,

. DUNLOP SP4
2 155 SR 13
sup LOAD 300 KG
ANGLE IP 2.0 KG/SQ. C™
| 1763 M
o o
! 1 REV
LATERAL
FORCE (N)
63.2%.
- 1000 |
Figgre 5

BUILD UP OF LATERAL FORCE DUE TO STEP INPUT OF SLIP ANGLE

The. two regions can be readily distinguished, thus validating the use
of the mathematical model.

4.2. Frequency Response

The transfer function of & system generally involved applying a
sinusoidal input of known amplitude and frequency and measuring the
relative amplitude and phase of the output. When this technique is
applied to measurements on tyres, it is necessary to make allowances
for tyre non-uniformities, inertia of the moving mass and gyroscopic
effects, particularly at the higher excitation frequencies and drum
speeds. A typical set of results is shown in Figure 6 for the
lateral force and aligning torque response of a radial tyre over a
range of steer frequencies and drum speeds. Once again, these
results provide confirmation of the published data based upon mathe-
matical models.

5. Contlusions

The Tyre Dynamics Machine can provide information necessary to support
or modify existing theories on transient tyre behaviour. This will
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enable vehicle designers to make more realistic representations of
tyres in future development studies.

Tyre Research and Development is based upon guantifying the effect of
small differences in design.

Historically, this work has been largely empirical, but with the
advent of test machines of the type described, future advances will
be possible by detailed analysis of the tyre components and the part
each plays in the generation of tyre forces.

References

(1) Pacejka H. B.
Analysis of the dynamic response of a rolling string-type
tyre model to lateral wheel-plane vibrations.
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CORNERING POWER CP (N/DEG)

DYNAMIC RESPONSE OF LATERAL FORCE TO STEER

DUNLOP SP4
155 SR 13

™ LOAD 300 KG
P 17KG/SQ CM

™
120 90
B HZ DUNLOP SP4
60 155 SR 13

8 H LOAD 300 KG

P 17 KG/SQ CM
05 !
2
10 KM/H
5
LAG 8 H2
600 400 200 Y

LEAD
L RE
30 a0
HZ  ALIGNING STIFFNESS LAG
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80 M
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150 kKM/H

DYNAMIC RESPONSE OF ALIGNING TOROUE TO STEER

Figure 6
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The UMTRI Building

The building was constructed in
1969 on the North Campus of The
University of Michigan. It provides
68.000 square feet of laboratories
and other facilities specifically de-
signed to support research on all
aspects of transportation systems
and their problems. The building
contains laboratories for vehicle re-
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search, impact-sled tests, biomedical
studies, and engineering and human
factors research, as well as a librarv,
conference rooms, office space. and
microcomputers for U-M and visiting
faculty and staff members engaged

in the multidisciplinarv research
programs.
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WORK IN PROGRESS

The UMTRI Library

This facilitv provides a specialized
information service for the institute
staff and other members of the trans-
portation research community. Its
collection includes more than 57.000
cataloged documents and more than
225 periodical titles. The subject
areas of the collection reflect
the many different wavs in which
transportation problems can be ap-
proached. with materials drawn from
the literature of engineering, physics,

medicine, public health. law. eco-
nomics. psvchologv. sociology, sta-
tistics. computer science. and other
fields. The librarv concentrates on
obtaining the most current informa-
tion on transportation problems and
making it readilv accessible to the
research staff. The librarv also em-
plovs its unique classified subject
file to conduct retrospective litera-
ture searches. and it provides
UMTRI staff with access to all other
University of Michigan library
resources.

Computing Equipment

UMTRI maintains a variety of ter-
minals for readv access to the Uni--
versity's AMDAHL 5860 computer.
Microcomputers at the Institute in-
clude Apples. IBM PC's, and Zenith
Z-100's for data processing and word
processing. A Data General Eclipse

/250 computer is emploved in the

motorcycle tire dvnamometer for
on-line calculations and automatic
control of its test procedures. Also.
small and portable digital svstems
have been developed for use in ex-
periments requiring automated data
acquisition and programmed test
procedures. These small computer
svstems are tvpicallv emploved in
tests conducted at vehicle proving
grounds.

Automated Data
Access and Analysis
System

The UMTRI Automated Data Ac-
cess and Analysis System (ADAAS)
is an integrated set of computer pro-
grams used to access. manipulate,
and analvze more than 350 accident-
related data sets maintained by
UMTRI. The svstem is resident
on the Universitv of Michigan’s
AMDAHL 5860 computer. and may
be operated in either batch or con-
versational mode through remaote
terminals, via a telephone line.

Data access is provided by a kev-
word unique to each data set. All
physical file manipulations (for ex-
ample. uses of magnetic tapes) are
performed by the system. Six simple
data manipulation/analysis opera-
tions are provided to. handle most
preliminary data search functions.

The data sets can also be accessed
by OSIRIS, SPSS, or MIDAS. so that
more sophisticated analytic opera-
tions may be performed.

The system is largely self-
documentary and self-describing.
so that novice users can quickly be-
come familiar with its operations.
Because the system offers a simple
technique for using accident data in
important safety-related research
questions and decisions. it is em-
ploved about 35 times a day by gov-
ernment, industry, and university
researchers in the U.S. and Canada.
Current users include persons in the
NHTSA, the Canadian Ministry of
Transport, the Michigan Department
of State, the Missouri Highway Pa-
trol, member companies of the Motor
Vehicle Manufacturers Association.
and staff members in several uni-
versities and private research
organizations.
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Mobile Truck
Tire-Brake Tester

Constructed by UMTRI under
MVMA sponsorship. this over-the-
road apparatus is a six-axle, 36-ton
tractor-semitrailer specially designed
and instrumented to measure the
longitudinal and lateral shear-force
properties of truck tires under realis-
tic braking and cornering conditions
on all tvpes of roadway surfaces, un-
der various loads. at velocities up to
70 mph. Test tires are mounted on
test stations located on both the trac-
tor and the semitrailer. The braking
and cornering behavior of the test
tire is measured with the aid of load
cells and recorded at an onboard op-
erator's module. The mobile system
carries its own hvdraulic, pneuma-
tic. and electrical power services.
and also provides a water-delivery
capability for tests on wet roadways.

The Mobile Tire-Brake Tester is
also used as a dvnamometer for
measuring the torque characteristics
of commercial vehicle brakes. The
load cell that measures longitudinal
force also measures the torque pro-
duced by the brake installed on the
test wheel located on the semitrailer.




WORK IN PROGRESS

Flat-Bed Tire Tester

The flat-bed tester is used to
obtain precise measurements of the
mechanical characteristics of rolling
and standing tires. It accommodates
passenger-car and truck tires ranging
from 24 to 44 inches in diameter and
can apply vertical loads of up to
10,000 lbs. The device is designed
for low-speed tests at steer angles be-
tween *90° and camber angles be-
tween =20° and is instrumented to
measure the three forces and three
moments developed by the tire. Au-
tomatic data scanning and logging by
on-line analog-to-digital converters
and digital tape-recording equipment
provide efficient data recording for
rapid processing on the UMTRI PDP
11/45 computer.

Leaf Spring Tester

An electrohydraulic stroking de-
vice built into a versatile mounting
plate assembly permits measurement
of the force/deflection properties of
leaf springs at stroking frequencies
of up to 15 H,. Sample springs are
mounted with all of their peripheral
components, such as frame saddles,
shackles, torque rods, equalizer
links, etc.. to establish authentic
force reactions at the spring ends.
With this device. spring properties
relating to braking and handling as
well as ride responses of vehicles
can be measured.
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Suspension Properties
Tester

The UMTRI facilitv for testing sus-
pension properties of heavv vehicles
is capable of measuring virtually all
of the compliance, kinematic. and
Coulomb friction properties of sus-
pension and steering svstems as thev
react to vertical force, roll moment.
lateral force. brake force. and align-
ing moment. The facility can accept
single-axle and tandem-axle sus-
pensions (maximum tandem spread
70 inches) of all common. on-
highwayv track widths. Suspensions
can be tested in their normal con-
figuration (mounted on a vehicle), or
as mounted on an abbreviated frame
section. All measurements are per-
formed at steadv-state or quasi-
steadyv-state; that is. the facility is
not intended for dvnamic testing.

Pitch-Plane Inertial
Properties Tester

The UMTRI Pitch-Plane Inertial
Properties swing is used to measure
the pitch moment of inertia and
center-of-gravity position in the
pitch-plane (i.e.. side view) of motor
vehicles. The tester, designed pri-
marilv for heavy vehicles. can han-
dle two- and three-axle trucks
weighing up to 30.000 lbs. The vehi-
cle properties measured with this
device are important determinants
of motor vehicle behavior during
braking.
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Honda/UMTRI
Motorcycle Tire
Dynamometer

This dynamometer, designed
and constructed by UMTRI under
sponsorship of the Honda Research
and Development Company, pro-
vides a research capabilitv found no-
where else in the world. Unlike con-
ventional dynamometers, this one
provides complete flexibilitv for
testing traction under dynamic
operating conditions.

The facility is unique in its physi-
cal design, in that it employs a
small. light tire-mounting head posi-
tioned bv a mechanicallv simple svs-
tem of hvdraulic cylinders. During
tire testing these cvlinders are under
the control of a digital computer.
One thousand times each second the
computer takes measurements of the
tire position and loading and per-
forms the complex calculations
necessary to reposition the test
tire dvnamically.

Tires mav be tested at speeds to
100 mph., slip angles of more than
+15 degrees, inclination angles to
=45 degrees. and at path curvatures
of 0 to .035 feet. All position control
variables have band widths extend-
ing beyond 10 H,.

Vehicle Dynamics
Simulation Programs

Several computer programs for
simulating vehicle dvnamics were
developed at UMTRI for use in pre-
dicting the longitudinal and direc-
tional responses of passenger cars,
passenger-car-and-trailer com-

binations. trucks, tractor-semitrailers,

doubles. and triples combinations.
These simulation models range
from relativelv simple ones con-
cerned with motions in one plane to
more complex models that simulate
all tvpes of motions during steering.

braking, or combined maneuvers.
The programs contain provisions for
representing various tandem sus-
pensions, brake systems, antilock
svstems, tire shear-force characteris-
tics, steering system compliance and
kinematics, and various fifth-wheel
or hitch designs. Although the more
complex programs deal with equa-
tions and models having many de-
grees of freedom. including wheel-
rotation dvnamics. special tech-
niques have been developed to make
them economical to run.
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FACILITIES ON THE MAIN CAMPUS

Office Facilities

Having outgrown the original building that served as its
administrative headquarters for more than 25 years, the Insti-
tute moved to new facilities in the newly completed Academic
and Agencies Building in mid-1981. This building provides
facilities for the administration, two complete TTI research
divisions, and significant portions of three more divisions.
These elements of the Institute now occupv 28,800 square feet
on the fourth and fifth floors of the new building. For the first
time in recent years a major portion of the TTI staff is housed in
the same building, substantially increasing the efficiency of the
overall administrative and research operations of the Institute.
TTI research divisions also occupy some 10,000 additional
square feet in several main campus buildings shared with
various departments of the University.

Research Facilities ahd Services

Laboratories: Available to and extensively used by the
Institute are fullv equipped laboratories for research on mate-
rials, soils, and pavements. These laboratories are shared with
the Civil Engineering Department of the University. Principal
among these facilities are the:

& McNew Materials Laboratory

e Bituminous Pavement Laboratory

& Asphalt Rheology Laboratory

¢ Svnthetic Aggregate Laboratory

¢ Geotechnical Laboratories

These laboratories provide a full capability for asphalt and
concrete materials testing required by the Materials & Con-
struction Division. Such testing ranges from standard quality
control tests to more sophisticated tests such as beam fatigue,
overlay shear, and resilient modulus. The laboratories are
staffed by skilled technicians, well-trained in operating a wide
selection of testing equipment and instrumentation. Included
in the laboratories” inventory is equipment which permits
researchers to conduct extensive field testing such as surface
texture measurements, construction monitoring, coring, and
dvnaflect measurements.

Automatic Data Processing: Readily accessible automatic
data processing services are provided by the Texas A&M
University Data Processing Center (DPC). The DPC is a
centralized computing facilitv operated by the Texas Engineer-
ing Experiment Station that provides computational support
and data processing services to all components of the Texas
A&M University, other universities, and state agencies. The

14

DPC campus network, serving the academic, research and
administrative needs of the University is one of the most
complete and extensive local networks of any college or univer-
sity.

" Research projects account for about 40% of the DPC
computer usage. Highly qualified DPC personnel are available
to assist researchers with the computer-related aspects of
research projects. Plotting, analog-to-digital conversion, statis-
tical analysis, and other services can be provided to research-
ers.

The DPC has two computers in the Amdahl 470 series
which are fully program-compatible with the IBM 370 line.
The system has an on-line storage capability of over 24,000
megabvtes of information and machine cycle times of 32.5 or
26.0 nanoseconds. The two computers, combined with exten-
sive and sophisticated peripheral equipment, provide a capa-
bility to handle any data processing task with great speed and
efficiency. To supplement the available central computing
services of the DPC and to increase the efficiency with which it
can meet its ever expanding need for data processing, the
Institute has, over the past five vears, steadilv increased its
own inventory of mini- and micro-computers, word processors,
and terminal equipment and accessories.

Library: The resources of the Texas A&M University
Library, one of the major libraries in the Southwest, are fully
available to the Institute’s staff. Present holdings of this library
are approximatelv 1,300,000 volumes and 1,800,000 mi-
croforms in all collections. The Library subscribes to 15,000
journals, including 5,000 from foreign countries. The Universi-
ty Library is designated a depository for U.S. Government
publications and receives 80% of its publications.

The Library has available all major indexing and ab-
stracting publications. In addition, its Automated Information
Retrieval Service offers access to 200 on-line bibliographic and
statistical data bases. Materials retrieved by the system cover
the many disciplines of TTI research and include reports and
articles, both domestic and foreign.

The Library’s Technical Reports Center has comprehen-
sive holdings in all facets of the transportation field, repre-
senting reports from universities engaged in transportation
research, the highway departments of various states, national
and international transportation organizations.

The Institute has on its staff a full-time Research Librarian
who is officed in the University Library. He is on call to
conduct intensive literature searches for researchers when
needed.
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TTI Administrative Headquarters and a sizable number of the Institute's researchers are now
housed in the Academic and Agencies Building.
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Word processors have streamlined the production process for
TTI's many technical reports and other written communica-

Microcomputers have increased the economy and efficiency of
the Institute’s many data processing tasks.
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Right: Preparing pavement core sample
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FACILITIES AT THE BRYAN RESEARCH AND EXTENSION
CENTER

The Highway Safetv Research Center (HSRC) of the Texas
Transportation Institute is Jocated on this 2000 acre complex of
research and training facilities. The site is a former Air Force
Base, and its extensive concrete runways and parking aprons
are ideally suited to experimental research and testing in the
areas of vehicle performance and handling, vehicle-roadway
interaction, and the durability and efficacy of highway pave-
ments and structural systems. The potential for expansion of
research and testing activities to other problem areas in trans-
portation is almost unlimited.

Some of the more notable facilities present on the HSRC
Proving Grounds, where nearly all full-scale experimentation
is conducted, are:

o Crash test facilities for evaluation of crashes at varying

impact angles and speeds.

e Hvdroplaning trough for studving the phenomenon of
vehicle hvdroplaning.

¢ Rain simulator capable of simulating rainfall rates up to
five inches per hour on a 200-foot roadway section.

o Test tract of 3% miles that will permit simulation of
freeway traffic conditions at speeds up to 70 miles per
hour.

¢ Special pads designed for the conduct of tire skid tests
on road surfaces of various textures.

o Special track configured for research and training in the
development of special driving skills for drivers of
emergency vehicles.

e Pavement test facility consisting of sections of different
materials and thickness that can be nondestructively
tested for strength and other parameters. Careful con-
trol of the material and thickness of the sections also
permits use of this facilitv to calibrate certain test
equipment. : .

® Rotary kiln used for research in and testing of svnthetic
aggregates.

o Impact sled facility for testing vehicle occupant restraint
systems at speeds up to 30 mph.

e Vehicle Emissions and Fuel Economy Laboratory
(VEL), including a Clayton Dynamometer and compu-

ter controlled exhaust analyzing equipment. (More fully
described below.)
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An important facility located at the HSRC and adminis-
tered and operated by TT1 is the Federal Highway Administra-
tion (FHWA) Central/Western Field Test Center. This is the
first field test and evaluation center developed for the FHWA
for the calibration, correlation, and evaluation of skid measure-
ment systems on a nationwide basis. The Field Test Center
serves 26 central and western states and other public agencies
in providing technical advisory services, precision static and
dynamic calibrations traceable to standards of the National
Bureau of Standards, and standardized services for skid mea-
surement equipment.
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This self-watering diagonal braking vehicle was developed
by TTI to provide an economical system for cities and
counties to make skid resistance measurements on their
streets and roadways. ldentical water spray devices are
mounted ahead of left front and right rear wheels.




In May 1979, TTI commenced test operations in its Vehi-
cle Emissions and Fuel Economy Laboratory (VEL). The VEL,
representing an investment of some $320,000, is the only
facility of its kind in southeast Texas. Up-to-date state-of-the-
art technology in vehicle emissions and fuel economy measure-
ment is exemplified in the sophisticated instrumentation and
layout of the laboratory. The VEL capabilities include the
following levels of testing:

o EPA Certification constant volume sampling (CVS) tests
o Continuous modal (raw or dilute) tests

o Continuous monitoring of up to 32 additional engine
parameters during the above tests, with second-by-
second print-out

¢ Fuel economy determination

At the present time, the laboratory is not equipped for evapo-
rative emissions measurement. Upgrading of the equipment
capabilities to include this function is planned for the near
future. :

The analytical instrumentation and dynamometer are con-
trolled by the operator through a computer interface which
enhances the accuracy and efficient conduct of the testing. The
dynamometer is a Clavton Type CTE-50, which is a split-roll
configuration adaptable to wider tract medium-duty and multi-
purpose vehicles. The analytical instrumentation is exclusively
Horiba Instruments, all EPA approved, and the controlling
computer is a Hewlett Packard Model 45 HP 1000, recently
upgraded to include a sophisticated graphics output capability.

The Vehicle Emissions and Fuel Economy Laboratory
provides TTI with a base for the development of substantial
new research and evaluation programs. The facility is ideally
located to test foreign-made vehicles entering the United
States through the Port of Houston. Its continuous modal
monitoring capability makes possible research directed toward
improved automotive engine components such as catalvtic
converters, fuel injection systems, and computerized engine
controls.

Research Instrumentation Facilities: Well-equipped in-
strumentation laboratories and shops are an integral part of
TTI's Proving Grounds Research Program. Manned by highly-
skilled personnel. these activities design, fabricate, assemble
and install sophisticated mechanical, electronic, and photo-
graphic instrumentation in test vehicles and on test ranges for
the collection of data generated by experimental research
projects.

Mechanical instrumentation requirements include the de-
sign of electrohvdraulic mechanical systems and the manufac-
ture, calibration and maintenance of control devices for a
variety of transportation systems. Although some instrumenta-
tion system components are available commercially, many
components must be designed and fabricated using machine
shop and automotive laboratory facilities. The technicians
within this group have met these unique requirements with
great skill and versatility. The mechanical instrumentation
laboratory/shop is fully equipped for the complete mainte-
nance and repair of automotive vehicles.

The electronic instrumentation laboratory is often called
upon to provide instrumentation for highly specialized experi-
ments where appropriate measuring and recording equipment
is not available commerciallv. The capability of the electronic
instrumentation group to design and fabricate nonstandard
measurement equipment allows quick development of proto-
type systems necessary for the solution of research problems.
Typical of such nonstandard systems are: (1) a digital data
acquisition svstem designed for the Texas State Department of
Highways and Public Transportation for use on their highway
friction units: (2) field research instrumentation for Brown &
Root. Inc., in connection with offshore oil platforms in the
North Sea: and (3) aircraft control instrumentation for the
Aerospace Department of Texas A&M University for aircraft
research work.

The capabilities of the photographic instrumentation
group include: (1) photo-instrumentation and photography
used as a technique for the collection and storage of data; (2)
production of sound-motion pictures to document research

Vehicle emissions tests are computer-controlled.

Analytical equipment in Vehicle Emissions and Fuel Economy
Laboratory.
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projects and to transmit results of these projects to the ultimate
user: and (3! still photography for a wide range of uses. The
group also maintains an extensive film librarv, and is equipped
with an extensive inventory of precision high speed. standard
movie and still cameras plus accessorial equipment.

The facilities and capabilities of the engineering and con-
struction group are extensive and flexible. The main complex
contains approximately 50,000 square feet of floor space with
an additional 2,000 square feet of offices and drafting areas.
Included within this complex are machine, welding, and wood-
working shops. A portable shop completely equipped with all

necessary equipment gives this group mobile capability. A.

structural testing area contains hoists, loading frames. and
anchors which will accommodate large structural elements.
Examples of these test elements are 15,000 Ib. prestressed
concrete piles and segments of highwav crash cushions. A
versatile pendulum test facility was designed and constructed
by this section for use in a variety of dynamic tests of auto-
mobiles at speeds up to 25 mph. Other examples of the
accomplishments of this section are the design and fabrication
of structures such as breakaway luminaire and sign supports,
crash cushions, pendulum and vehicle crash testing facilities,

and rainfall simulators.

Research Evaluation and Reporting: Also an integral part
of the Proving Grounds Research Program is the Research
Evaluation and Reporting Section. This group provides an
interdisciplinary approach to experimental design. testing.
data reduction and analvsis, and report writing. Its staff in-
cludes individuals with backgrounds in mathematics, engineer-
ing, and physics. They are well-versed in the analysis of
electronically recorded data. Equiment includes a Gerber
Digital Data Reduction System, a Southwest Technical Prod-
ucts Model 6800 computer, a Hewlett Packard Model HP85
micro-computer including graphics tablet and plotter, plus
several terminals for access to the University’s Amdahl compu-

~ ters. Analysis of high speed film is also an area where this

section is highly skilled. Vanguard Motion Analyzers are used
extensively for analysis of film exposed at speeds of 100 to

.11,000 frames per second. The Research Evaluation and Re-

porting Section occupies a central position in the pursuit of
research objectives and provides the essential elements for
technical reports covering a wide spectrum of highway safety
research.
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Skid Resistance Research
Facility

Tne Skid Resistance Research Facility is
located on a separate lane adjacent to
one tangent of the experimental highway.
The lane is 15 ft wide and 1,150 ft long,
with an approach that allows vehicle
speeds up to 60 mph. The instrumentation
permits precise measurement of vehicle
speeds and lateral placements throughout
the test area.

Each test surface is 6 ft wide by 200 ft
long. The area includes six difterent sur-
faces: two dense-graded asphatt friction
courses, one with a polishing limestone
aggregate and one with a nonpolishing
aggregate; two open-graded asphalt fric-
tion courses, also with polishing and non-
polishing limestone aggregates; a
dense-graded asphait friction course with
a jennite surface treatment; and a
dense-graded asphalt course with a
sand-epoxy treatment. The various sur-
face textures are based on maximum
aggregate sizes ranging from 0.033 in.
(sand-epoxy) to 0.25 in. (open-graded as-
phalt friction course). The skid resistances
of the test surfaces are monitored
roctinely, and skid numbers range from 15
10 60.

Originally constructed in 1972, the facil-
ity was rebuilt in 1982. It has been used
extensively for skid resistance research,
tire noise and pavement texture studies,
hydroplaning research, and an evaluation
of methods of skid resistance measure-
ment other than the locked-wheel method.
Current research at the facility includes
the development of high-speed, noncon-
tact macrotexture measurement methods
and a study of the effects of weather con-
ditions on pavement materials.

Pavement Roughness Research
Facility

The Pavement Roughness Research
Facility is a pavement lane constructed
adjacent to the Skid Resistance Research
Facility at the lower tangent of the ex-
perimental highway. It consists of two
troughs. 2 ft wide by 4 in. deep by 800 ft
long, located where the wheel paths for
automobiles and light trucks would nor-
mally be. Interchangeable concrete
molded inserts provide a choice of run-
ning surfaces with a variety of roughness
characteristics. These pavement surfaces
exhibit roughness within a range of values
significant for routine testing.

Tire/Pavement Laboratories

Stone Polishing Laboratory

The Stone Polishing Laboratory is used
for studying the techniques of polishing so
that the properties that pavements and
aggregates require for adequate skid re-
sistance can be defined more precisely.
Equipment includes:

1. The Penn State reciprocating pave-
ment polisher (RPP) on which pave-
ment cores or stone sampies are
polished by a sliding rubber pad. The
RPP may also be transported to actual
pavements for in situ operation. The
resulting decrease in friction is mea-
sured by a pendulum friction tester.

2. A drum polisher on which ten individual
particles of an aggregate sampie are
polished by a rotating rubber-coated
drum. The decrease in average ‘riction
is measured by a special device di-
rectly attached to the machine.

3. The Penn State circular track. which
can be used for polishing samples
mounted in the wheel tracks. Here fric-
tion can be measured either continu-
ously by the torque-measuring system
or periodically by other methods.

Related experimentai work in the Stone
Polishing Laboratory includes the mea-
surement of pavement surface texture,
which affects friction between tire and
pavement. The texture measurement facil-
ity includes two portable profile tracers for
macrotexture and microtexture measure-
ment: these tracers ¢an also be used on
pavements in the field. The macrotexture




tracer measures asperity sizes down to
0.5 mm, and the microtexture tracer from
.01 mm to 0.5 mm. The composition and
structure of stones are investigated by
means of petrographic analysis, chemical
analysis. X-ray spectroscopy. and light
and scanning electron microscopy.

Moving Belt Friction Tester

The Penn State moving belt *riction tester
(MBFT) is a laboratory apparatus used for
evaluating tire performance under varying
test conditions. The MBFT consists of a
continuous stainless steel bek (0.016 in.
thick) running on two steel drums. each
15 in. in diameter. One of the drums is
driven by a gasoline engine. The tes! tire
1S supported on & frame resting on the
middie of the belt span. and the belt is
supponted undemeath by a tefion plate. A
vertical load of up to 1,500 Ib can be
applied on the tire. Test-tire speeds cor-
responding to vehicle speeds of up to 80
mph can be achieved. Wet and flooded
road conditions are simulated by applying
water tangentially on the belt; and, by con-
trolling the amount of water flow, effective
water film thicknesses of up to 0.25 in.
can be obtained.

The tester can measure belt speed,
water flow, vertical ioad on the tire, friction
force in the contact patch between tire
and belt, vertical motion of the tire during
hydropianing. and water film thickness
under the tire during hydroplaning. In-
strumentation is also available to measure
tire deformation in the contact patch dur-
ing locked-wheel tests. Among the various
operating conditions that can be simulated
on the MBFT are smooth tire and smooth
pavement surface, smooth tire and fine-
textured pavement surface, and transition
from a dry surface to a flooded pavement.

Tire Energy Loss Test Facility

The major components of the Penn State
Tire Energy Loss Test Facility are a
moving-bett machine, a 50-hp SCR-
controlied DC electric motor and driving-
cycie generator, and a microprocessor
system for data collection and regduction.
The moving-belt machine has essen-
tially the same design as the Penn State

moving belt friction tester (MBFT), except
that the tire-support bearing is replaced by
a second tire. The two tires are loaded
across'the belt and are mutually support-
ing. One of the tires is driven by the DC
motor. while the other is free-roliing; the
machine therefore simulates half of a
two-wheel-drive car. The ineriial load on
the driving tire is supplied by the machine
drums and can be supplemented by re-
movable discs driven through a gearbox.
Verticai and longitudinal tire forces are
measured by strain-gauged force trans-
ducers. Other instrumentation measures
input torque, driving-wheel and drum
speed, and tire-roliing radius.

Instantaneous power consumed by the
tires is measured through analog process-
ing of the force and speed transducer sig-
nals. Digital integration of the power sig-
nals then gives the total energy consumed
by the tires during a test cycle. A separate
speed control system allows the machine
1o be programmed to tollow various driv-
ing cycles. The speed profile of the driving
cycle of interest is stored in erasable
ROMs, read out sequentially at one-
second intervals, converted to an analog
signal, and passed 1o the SCR controller.
The present system allows sequences
lasting up to 45 minutes.

Circular Track Apparatus

The Penn State circular track apparatus is
designed for research on tire-pavement
interaction and tire characteristics. Inves-
tigations conducted on the apparatus in-
clude the effects of a tire on the surface
finish of aggregates, the measurement of
the distortion that a tire undergoes when
braked, and the eftects of nonuniform tire
temperatures on frictional performance.
The apparatus has two concentric annu-
lar tracks. The inner track has a very high
friction surtace, whereas the outer track
can be varied. Normally the outer track
has a lower friction surtace than the inner
track. Two tires, one running on each
track. with their wheels connected through
shafts, gears, and an infinitely variable
transmission, are rolied along the tracks
by a motor-driven, rotating support struc-
ture. In addition, the outer tire is sus-
pended on an automotive front-wheel-
drive. front-end suspension and can be
locked as a rigid mounting or run as a .
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normal suspension. The outer or test tire
can be made to roll at any speed up t0 20
mph and can be made to skip through
changes of the transmission setting: thus
it is forced to rotate more slowly than it
would in pure rolling. The friction is mea-
sured as torque on the drive shaft. Ditter-
ent tires can be used. and the vertical
load on them changed over a wide range.
Tests can be conducted on tiat roadways
or on wavelengths up to 10 ft at ampli-
tudes of 5 in.

Removable concrete sections with pre
designed profiles can be placed in the
outer tracks. Four sets are currently ava
able with amplitudes of 0.25 and 0.5 in.
and wavelengths between 32 and 16 in.
These sections are used in conjunction
with front-wheel-drive car suspension ar
wheel assembilies to study the loss of tri
tion induced by roughness. Toronado ar
Phoenix suspensions may both be fittec
to the machine so that the eftects of ver
cle size on traction loss can be deter-

mined.
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Penn State Road Friction Testers

The Penn State road friction testers are
high-speed venicles for measuring, with a
slipping or sliding full-size tire. the friction
between tire and pavement. Each light
truck carries all instrumentation and a
water tank for wetting the pavement in
front of the test wheel, which is carried on
a sprung paralielogram outrigger attached
to the rear of the truck. The outrigger can
be moved laterally so that tests can be
made in or out of the wheei paths even

while the tester is operating in heavy traf-
fic. The test wheel is retarded and even-
tually locked up by controlled actuation of
a brake.

The testers satisfy the requirements of
ASTM Method E274 for measuring pave-
ment skid resistance; in fact, the design of
these testers has played an instrumental
role in developing and refining this
method. The Penn State testers are used
extensively for research on pavements,
tires, and brakes. One tester has been

used for hydroplaning research and for
determining the eftects of water film thick-
ness on skid resistance measurements.
This tester performs locked-wheel friction
measurements with variable water fiim
thicknesses up to five times the require-
ment of ASTM Method E274. The brake
torque is measured as an indication of the
friction between tire and pavement.
Another tester can measure the side
forces on a wheel operating in yaw and
the friction force of a slipping whee!, as
well as perform locked-wheel tests ac-
cording to ASTM Method E274. All three
force components and the three torque
components acting at the hub of the test
wheel are measured with this tester.
Pavement temperature and tire-tread
temperatures can also be monitored con-
tinuously.

These road friction testers have on-
board computers which automatically con-
trol the test sequencing and data collec-
tion. The data are processed on-board to
provide comprehensive information on
pavement friction as a function of speed.

Penn State GMR Profilometer

PTI's profilometer is a K.T. Law Mode!
690 Surface Dynamics, GMR-type. It uses
two spring-loaded, road-following wheeis,
instrumented with a linear potentiometer,
to measure and record road surface pro-
files for studies of road roughness charac-
teristics, pavement evaluation methods,
and vehicle vibration. The profilometer
can calibrate response-type measurement
systems and record road profiles. Both
analog and digital data acquisition and
processing can be performea.

Skid tests are con-
ducted on a variety
of pavement surtaces
at the Skid Resis-
tance Research
Facility.
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Bild 5. Ausbaustand des [nstituts

1940 (Modellbild)

I Motorenpriiffeld

2 Flugmotoren-Windkanal

3 Stammgebdude

Lehrgebdude

Werkstdtten und Lager

Schwingungspriffeld

Flugmotoren-Hohenprifstand

Verwaltungs- und*Laborato-

riumsgebdude

9 Fahrzeugmotorenpriifstinde
und Modellfahrbahn

10 Kraftwagenprifstand und
Modellwindkandle

1l Kraftwagen-Vollpriffeld
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. A 33-acre automotive proving
ground is used extensively for
vehicle crashes, handling qualities
tests, rollovers and other trans-
portation safety experiments,
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This Is an astist’'s conception of how the Canter and
its environs will appenr by year-end 1975.

“New Town”
adjoins the Research Cenler.

“New Town' will be close to metropolitan
centers, within 30 minutes dilving time of four
Inge lakes, and live miles lrom a ski slope. Here
Is country style living with city convenlence.
Developers are Showe Bullders, nc., Cot
Obhio.

Key to map:

1 - Induatiial

C -- Commnicial
- Rasidentinl
N - Necrention

U. S. Department of Transportation
Motor Vehicle Compliance Center.

This $9.6 million facility to be constructed and
operated by the National tlighway Trallic Safety
Administration, is scheduled for completion in
1974. 1 will bo operated by n stalf of 250 engl-
neers, lechniclans and support personnet.
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Klaus Rompe und Peter Wiegner

Das Kraftfahrzeuglabor des TUV Rheinland

Bevor neue Fanrzeuge oder Fahrzeugteile zum Strafienverkenr zugelassen werden konnen. mw3 das Gutachten
einer Technischen Priifstelle die Ubereinstimmung mit den geitenden Vorschriften pescheinigen. Hierzu sind
zum Teil wmfangreiche Prufungen notwendig. fiir die insbesondere im Rahmen internationaler Genehmigun-
gen von dem jeweils beauftragten Technischen Dienst komplexe Prifeinrichtungen vorzuhaiten sind. Die im
Krafifahrzeugiabor des TUV Rheinland in Kéin vorhandenen Einrichtungen und ihre Einsatzmoglichkeiten
sollen hiermit der interessierten Fachwelt rorgestellt werden.

The Motor Vehicle Laboratory at the TU'V Rheinland, Co-
logne

Abstract

To get the tvpe approval for a new vehicle or vehicle part the
manufacturer needs in many cases a test certificate of the
Technical Service. The TUV Rheinland is the Technical Ser-
vice for the FRG. for some of the ECE- or EG-Reguiations in
the field of primary or secondary safety.

Therefore, the association has to keep ready the correspond-
ing faciiities for carrving out crash tests with complete vehic-
les or components. for testing spare steering wheels, seats.
head restraints, safety-belt anchorages. protection heimets.
safety glass. drivers' field of view. and vehicle vibration and
handling characteristics. '

The aim of this article is to give a survey on the test facilities of
this laboratory and to show the possibilities of use to interes-
ted experts.

1. Aufgaben des Kraftfahrzeuglabors

Bei der Beantragung einer nationalen Allgemeinen Betriebs-
erlaubnis werden von den Fahrzeug- und Fahrzeugteileher-
stellern in zunehmendem Mafie Genehmigungen nach inter-
nationalen Regelungen und Richtlinien verwendet, die in ai-
len der ECE bzw. der EG angehorenden Landern Giltigkeit
besitzen. Zur Erzielung einer rationellen Arbeitsteilung und
um die notwendigen Investitionen fur Priifanlagen in Gren-
zen zu halten, ist fur die Priifung nach einer bestimmten Rege-
lung oder Richtlinie im aligemeinen ir: jedem Land nur eine
Institution als zustindiger Technischer Dienst benannt. In
der Bundesrepublik hat der Bundesverkehrsminister fur eine
Reihe von ECE-Regelungen und EG-Richtlinien auf den Ge-
bieten der passiven und aktiven Sicherheit der TUV Rhein-
land mit dieser Aufgabe betraut, Tasei 1.

Diese Benennung macht es notwendig. entsprechende Priif-
einrichtungen zu entwickeln und bereitzustellen, damit auch
soiche Hersteller z. B. von Zubehorieilen. die keine entspre-

Tajel 1. Technische Dienste des TUV Rheiniand

ZCE-Regelung  EG-Richtlinie

Verhalten der Lenkanlage 2 74:297°EWG

pe: Untallstoien

Verankerungen der 4 76/115'EWG

Sicherheiltsgurie

Widerstandsfahigkeit der 17 74/408/EWG

Sitze und ihrer Verankerungen

Innenausstattung 2] 74/60‘'EWG
78632’ EWG

Kopistutzen 35 T8/932°EWG

Sichtfeld T7349'EWG

Entfrostungs- und Trocknungs- 78317 EWG

aniagen fur Scheiben

Scheibenwischer und Schelben- T¢318'EWG

wasener

Untertanrschutz 70/221' EWG

Sichtreid be: iand- oder 74347 EWG

forstwirtschaftlichen
Zugmaschinen

chenden Einrichtungen besitzen. die Mdglichkeit zur Pri-
fung an neutraler und unabhéngiger Stelle haben.

Mit dieser Verpflichtung zur Vorhaltung solcher Anlagen ist
jedoch keineswegs auch - sozusagen automatisch - die Zu-
weisung eines bestimmten Prifvolumens zur Nutzung dieser
Anlagen verbunden. So machen Hersteller aus der Bundesre-
publik unter anderem von der Moglichkeit Gebrauch. diese
internationalen Prifungen in anderen Landern durchfiithren
zu lassen. Hier besteht daher ein freier Wettbewerb. der aller-
dings in manchen Landern durch ein insgesamt beschieunig-
tes Prif- und Genehmigungsverfahren zusatzliche Anreize
erhalt.

Bei den grofen Fahrzeugherstellern werden die entspre-
chenden Priufungen aus Kostengriinden auf den hersteller-
eigenen Anlagen von den TUV-Sachverstindigen durchge-
fuhrt. Um diese Tatigkeit wahrnehmen zu konnen. mufl der
Sachverstindige jedoch mit derartigen Priif- und MefRverfah-
ren als Experte umgehen kénnen, und diese Erfahrung kann
er nur auf eigenen Anlagen gewinnen. Weiterhin werden ins-
besondere die Sachverstindigen der Technischen Dienste
von den Vertretern der zustindigen Behorden als Berater
herangezogen zu allen Fragen, weiche die spezielle Richtlinie
oder Regelung betreffen. Dies setzt ebenfalls umfangreiche,
selbst erarbeitete Priferfahrungen voraus. Dariber hinaus
sind die Technischen Dienste naturgemall zur Mitarbeit bei
der Verbesserung der Priifgrundlagen und -verfahren im
Sinne héherer Reproduzierbarkeit und groBerer Objektivitit
aufgefordert und werden dazu auch mit der Durchfihrung
entsprechender Forschungsaufgaben betraut.

Ein weiteres Aufgabengebiet des Kraftfahrzeuglabors des
TCV Rheinland sind vergleichende Untersuchungen an
Fahrzeugteilen, z. B. im Auftrage von Verbraucherorganisa-
tionen. Jedoch auch fir die einzelnen Teilehersteller bietet
der TUV Rheinland die Ausarbeitung und Durchfithrung ei-
nes aussagekraftigen Prufprogramms zur Ermittlung von Si-
cherheit und Qualitat an. Uber diese Prifung wird ein Zertifi-
kat erteilt. und der Hersteller kann die Kunden (ker ein ent-
sprechendes Priifzeichen darauf hinweisen.

Schlieflich werden die Prifanlagen vertunden mit dem
Know-how des Personals im Rahmen von Entwicklungsauf-
tragen von den Fanrzeug- und Fahrzeugteileherstellern in
Anspruch genommen.

2. Priifeinrichtungen

Die nachfolgende Beschreibung soll einen kurzen Uberblick
uber die Einrichtungen dieses Labors geben und Hinweise fir
die Anwendbarkeit aufzeigen. Auf einer Gesamtfliche von
etwa 1000 m?sind neben den verschiedenen Priifanlagen eine
kleine Mechanische Werkstatt zur Vorbereitung der Versuche
und mefBtechnische Prif- und Arbeitsplédtze zur Entwickiung
und Anpassung der Mef3gerate und Prifeinrichtungen unter-
gebracht.

2.i. Crashanlage

Die vom Fléchenbedarf her aufwendigste Einrichtung ist die
im vergangenen Jahr neu in Betrieb genommene Crashanla-
ge. Biid i und 2. Uber ein Endlosseil wird das Fahrzeug auf ei-
ner 60 m langen Strecke beschleunigt. Der Aufprallblock mit
einer Masse von 200 t entspricht den einschiagigen SAE- und




Biid 4. Ansicht des Aufprallprufstandes

1SO-Richtlinien. Der Antrieb des Seils erfolgt aus einem Hy-
drospeicher Gber einen Hydromotor.

Der Speicher enthilt ein Olvolumen von 100 1 und ein Gasvo-
lumen von 200} Die Anlage wird mit einem Betriebsdruck
von 200 . . 300 bar gefahren. Damit ergibt sich fur den An-
triebsmotor bei einem Druck von z. B. 250 bar eine Antriebs-
leistung von 300 kW. Mit dieser Leistung kann ein Fahrzeug
mit der Masse von 2000 kg auf eine maximale Aufprallge-
schwindigkeit von 90 km/h gebracht werden. Bei einer Ver-
doppelung der Fahrzeugmasse sinkt die mogliche Aufprall-
geschwindigkeit auf 54 km/h. Diese Aufprallgeschwindigkeit
kann mit einer Genauigkeit von weniger als = 1°% geregelt
werden. Die Schwankungen der Fahrzeugbeschleunigung in
der Antriebsphase konnen Kleiner als = 0.05 mys® gehalten
werden. Die Ubertragung der Mefdaten wie Beschleunigung
und Krafte vom Fahrzeug zur Me3warte erfolgt nach dem
Verfahren der Puls-Code-Modulation entweder uber ein koa-
xiales Schleppkabel oder telemetrisch. Die Ubertragungsrate
betragt derzeit 500 kbit. Ein Ausbau auf 2000 kbt 1st vorgese-
hen. Hochgeschwindigkeits-Filmaufnahmen halten den Be-
wegungsablauf fest.

Die Crashanlage erméglicht die Simulation typischer Kolli-
sionen ganzer Fahrzeuge wie Frontal-, Schrag-, Mauer- oder
Pfahlaufprall z. B. zur Ermittlung der Eindringtiefe des Lenk-
rades sowie Zweirad- und Fulgingerkollisionen. Uber einen
speziellen Versuchstrager, wie ihn die Bilder 1 und 2 zeigen, in
Verbindung mit einer Blechstreifenbremse kann die Fahr-
zeugverzogerung zerstorungsfrei aufgebracht werden zur
Priufung von Fahrzeugkomponenten wie z. B. Kindersiche-
rungssysteme oder Fahrzeugsitze [1}. Durch die quer zur
Fahrtrichtung angeordnete Karosse kann damit auch ein Sei-
tenaufprall dargestellt werden.

2.2. Priifanlagen fiir Sonderlenkrdder

Zur Prufung des Energieaufnahmevermogens von Sonder-
lenkradern z. B. nach ECE-Regelung 12 wird ein Torso mit ei-
ner Masse von 36.3 kg in Fahrtrichtung auf das Lenkrad ge-

- schossen. Die Aufprallgeschwindigkeit muf 24,1 km/h betra-
i gen. Uber ein Federkatapult. das Gber einen Druckluftzylin-

der vorgespannt wird. kann der Torso auf diese Geschwin-

' digkeit beschleunigt werden, Bild 3 und 4. Als Bewertungs-
. kriterien dienen die beim Aufprall auf das Lenkrad entste-

nende Horizontalkraft und die Ausbildung eventueller Split-
ter und Kanten.

Zusétzliche Prufungen beziehen sich auf die Lenkradfestig-
keit bei Temperaturen von -22°C bis +80°C. Neben den not-
wendigen Kihl- und Heizeinrichtungen stehen dazu Prif-
stinde zur Aufbringung von tangential und senkrecht zum
Lenkradkranz wirkenden Kriften in unterschiedlicher Fre-
Guenz und Hoéhe zur Verfugung.

2.3. Sitzprifstinde

In der Prufverfahren fir Sitze sind statische und dynamische
Prifunger vorgesehen. Bei den dynamischen Prifungen
werden die Sitze auf dem Versuchstrager der Crashanlage ei-
ner Verzdgerung von 20 g iiber einen Zeitraum von mehr als
30 ms ausgesetzt. Die Auswirkungen auf die Sitzverankerun.
gen und die Verriegelungseinrichtungen werden beobachtet.

Bei den statischen Prifungen wird (ber eine Riickenschale
eine senkrecht zur Lehne wirkende Kraft aufgebracht, Bild 3.
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Biid 5. Statischer Suzprifstand




Die Grofle der Kraft ist als Moment um den sogenannten
H.Punk: festgelegt. der unter vorgegebenen Bedingungen
mit einer Mef3puppe zu bestimmen ist und etwa der Lage des
Hiftdrengelenks des Insassen entspricht.

24, Prutung von Xopystitzen

Ahnliche Bedingungen sind fur die statische Prifung der Fe-
stigikeit der Verankerung von Kopfstutzen vorgesehen. Auch
hier ist die senkrecht zur Kopfstutze angreifende Kraft durch
ein Moment um den H-Punkt restgeiegt. Bewertet wird die
Ruckwartsverlagerung unter Einwirkung dieser Kraft. Biid 6.

Zusatziich ist das Energieaufnahmevermogen der Kopfstiitze
nachzuweisen. Dazu wird Uber einen Fallgewichtsprifstand
ein mit Beschieunigungsaufnehmern ausgeristeter Prifkopf
mit der Masse von 6.8 kg senkrecht auf die Kopfstiitze fallen
gelassen. Bewertet wird die gemessene Verzogerung des
Prufkopfes pei einer Aufprallgeschwindigkeit von 24.1 km/h.

2.5, Prusstand fur Guriverankerungen

Zum Nachweis der Festigkeit der Verankerungspunkte von
Sicherheitsgurten in Personen- und Lastwagen ist ein Prif-
stand nach Bild 7 vorgesehen {2]. Sechs hydraulisch betatigte
Zugzylinder mit einer maximalen Zugkraft von 30 kN dienen
zum Aufbringen der entsprechenden Krifte in Schulter- und
Beckengurt. Ein iiber Servoventile elektronisch geregeltes
Hydraulikaggregat bewirkt den vorgeschriebenen Kraftan-
stieg und sorgt fiir die Konstanz der Haltekraft bei einem
Nachgeben von Gurt und Gurtverankerung. Die Fahrzeugka-
rosserie ist wahrend dieses Versuchs auf einer 4 x 2 m grofien
Aufspannungsplatte festgezurrt. Bild 8.

Diese Versuchseinrichtung wird auch bei anderen quasi-
statischen Zugversuchen an Fahrzeugteilen wie z. B. Sitzen
oder Ladungssicherungssystemen verwendet.

2.6. Priifung von Schutzhelmen

Verschiedene Einrichtungen sind fir die Prifung von
Schutzhelmen vorgesehen. Die StoBdampfung bei Aufschlag
eines Schlagkorpers und die Durchdringfestigkeit wird auf
dem bereits pei den Kopfstiiizen erwahnten Fallgewichts-
prufstand ermittelt.

Auf einem speziellen Priifstand wird die zum seitlichen Zu-
sammendricken des Helmes erforderiiche Kraft und damit
die Seitensteifigkeit gemessen. An einem Prufkopf werden
die Koordinaten des Sichtfeldes und die Offnungswinkel
festgesteilt. Eine weitere Priifeinrichtung dient zur Ermitt-
lung der Festigkeit des Kinnriemens bei statischer Beanspru-
chung.

2.7. Vermessungseinrichtung

Zur Vermessung der Lage der Gurtverankerungspunkte und
zur Ermittiung von innerhalb des Koordinatensystems des
Fanhrzeugs festgelegten Punkten, auf die sich verschiedene
Prafvorschrifien beziehen. wie z. B. den Sitz-Referenz-Punkt
oder H-Punkt, steht eine Vermessungseinrichtung zur Verfu-
gung. Auf einer 2 x 6 m grofen Grundplatte mit einer Un-
ebenheit von weniger als = 0.14 mm ist eine dreidimensionale
Mef- und Anreif3vorrichtung angebracht. Bild 9.

Der Anzeigeweg betragt in Langsrichtung 5430 mm, in Quer-
richtung 1600 mm und in der Hohe 2250 mm. Die Ablesege-
nauigkeit betragt 0.1 mm. Diese Einrichtung wird unter ande-
rem auch fur die Beurteilung der Sichtverhaltnisse auf die In-
strumente bei Einbau eines Sonderlenkrades verwendet.
Dazu wird eine Kamera in dem Augenpunkt des Fahrers posi-
tioniert, um die Verdeckungen auszuwerten.

2.3. SichtfeldmeBverfahren

Zur Vermessung des Fahrersichtfeldes. unabhangig von der
umgebenden Helligkeit. wurde ein spezielles Laser-Sicht-
feidmeBgerat entwickelt {3]. Mit der erwahnten Vermes-
sungseinrichtung wird dazu ein Helium-Neon-Laserrohr
kleinster Leistung z. B. in die Augenpunkte des Fahrers ge-
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bracht. Ein digitales Anzeigesystem erlaubt nun die im Sicht-
feld liegenden Verdeckungen horizontal und vertikal mit ei-
ner Einsteligenauigkeit von = 0.1 Winkelgrad zu ermittein.
Biid 10. Ein zusatzlich vorgesehener Strahlenteiler ermog-
licht die Bewertung der gleichzeitigen Sicht aus beiden Au-
genpunkten. wobei ein Divergenzwinkei zwischen beidern:
Augenstrahlen von 0 bis 12° einstellbar ist. Damit kann der
sogenannte ambinokulare Verdackungsw:inkel ermittel
werden.

Weiternin von Wichtigkeit 1s1 die Entfernung des verdecken-
den Gegenstandes z. B. bei fahrbaren Arbeitsmaschinen.
Hierzu wurde ein ebenfalls aufsteckbarer Mischbildentfer-
nungsmesser mit einem MeBbereich von 300 bis 12 00¢ mm
entwickelt. Das Sichtfeldmefgerat ist sowohl fiir die Vermes-
sung des direkten Fahrersichtfeldes als auch fur die Ermit:i-
lung des indirekten Sichtfeldes durch Innen- oder Aufsen-
spiegel geeignet [4].

2.9. Prufeinrichtungen fur Sicherheitsglas

Fur Sonderprifungen an Sicherheitsglas und giasiahnlichen
Sioffen in Anlennung an nationale und internationale Anfor-
derungen stehen die notwendigen Einrichtungzen zur Verfi-
gung. Mit einem speziell 14 m hohen Fallprufstand werden
Kugelfall-, Pfeilfall- und Phantomfallversuche zur Prifung
der Splittersicherheit durchgefiinrt. Zur Ermittlung der opti-
schen Eigenschafter werden das Schraglinien- und Zebra-
streifenverfahren angewandt und der Transmissionsgrad so-
wie der Streulichtanteil ermittelt. Weitere Priifeinrichtungen
beruicksichtigen die thermische Bestandigkeit, die Abriebfe-
stigkeit und die Entflammbarkeit. Auch bei der Prifung der
mechanischen Bestindigkeit von Kunststoffieilen wie z. B.
Spoilern. Kraftradverkleidungen oder Sonnendachern kom-
men die Prifeinrichtungen zum Einsatz.

2.10. Schwingungsprifung

Schwingungspriifungen werden einerseits zur Bewertung
der Festigkeit von Bauteilen bei hohen Lastwechseizahlen
oder bei stoBartiger Beanspruchung eingesetzt und anderer-
seits zur Beurteilung der Schwingbeanspruchung des Fah-
rers, z.B. auf dem Sitzplatz von groBeren Rasenmaiahern.
Hierzu steht ein Hydropuls-Zylinder mit einer Nennkraft von
16 kN und einem Hub von 250 mm zur Verfiigung. mit dem
Wechsellasten mit Frequenzen bis etwa 100 Hz aufgebracht
werden konnen, Bild1l. Entsprechende Auswertepro-
gramme zur Durchfithrung von Frequenzanalysen bei den
mit dem Priifstand erregten Schwingsystemen liegen vor. Fiir
die Zukunft ist ein Ausbau auf eine Vier-Zylinder-Anlage ge-
plant.
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Fur die Ermittlung der Anderungen der Fahreigenschaften
von Kraftfahrzeugen gegenuber dem Neuzustand durch den
Anbau von Zusatz- oder Austauschteilen wie z.B. Spoilern
oder speziellen Aufbauten oder durch Verschleil von Teilen
wie z.B. Stofdampfern. werden im Kraftfahrzeuglabor ver-
schiedene Mefgerate vorgehalten [5, 6).

Fahrverhaltensmefieinrichtung

AuBer einem speziellen MeSllenkrad zur Messung von Lenk-
radwinkel und Lenkmoment mit variablen Rasten und An-
schlagen stehen z.B. eine kreiselstabilisierte Plattform mit
dreiaxialem Beschleunigungsaufnehmer, Kurskreisel, Me§}-
gerate fur die Liangs- und Quergeschwindigkeit sowie Lan-
genmefBsysteme fur Federwege oder Knickwinkelgeber fur
Untersuchungen mit Anhangern zur Verfigung. Die Meda-
ten werden entweder mit einem Magnetband im Versuchs-
fahrzeug registriert oder per Telemetrie in einen Mefbus
{ibertragen, in dem sofort erste Auswertungen und Uberpri-
fungen vorgenommen werden konnen. Bild 12.

2.12. Sonmstige Priifeinrichtungen

Eine Anzahl von kleineren Prifeinrichtungen mit vorwie-
gend pneumatischen Kraftzylindern dient der Priifung der
Dauerfestigkeit von Fahrzeugteilen wie z. B. Sonderlenkern




fur Motorrader. Zur Uberprifung von Austauschschall-
dampfern stehen entsprechende Schallpegel-MeB- und Regi-
striereinrichtungen zur Verfiigung. Die Ermittlung der Mo-
torleistung bei Kraftfahrzeugen oder der Hochstgeschwin-
digkeit von kleineren motorisierten Zweiradern, Bild 3. ist
ebenfalls moglich.

Da das Kraftfahrzeuglabor weiterhin fiir die Wartung und Ka-
librierung der im Rahmen der Fahrzeugreihenuntersuchung
und der Typprifung verwendeten Mefgerite zustindig ist.
z. B. fiir die Scheinwerfereinstellung, die Emission von COim
Abgas oder die Ermittlung der Fahrzeugverzégerung, wurden
auch hierzu entsprechende Priif- und Kalibriergerate entwik-
kelt.

3. MeBRdatenerfassung und -verarbeitung

Die Datenaufzeichnung erfolgt im allgemeinen auf Bandspei-
chern. Fir die Fahrversuche stehen FM-Analog-Bandgerate
oder PCM-Bandgerate zur Verfugung. Weiterhin ist die tele-
metrische Datenubertragung an Versuchstrigern in die
MeBwarte oder den MeBbus vorgegeben. Zur anschlieSenden
Weiterverarbeitung werden die Daten digital oder analog von
einem Prozefirechner, der mit zwei Plattenspeichern und ei-
ner Bandstation ausgeriistet ist, ibernommen. Fiir die Aus-
wertung der tiblichen Crash- und Fahrversuche wurden spe-
zielle Auswertungsprogramme entwickelt. Die Ergebnisse
werden dann in Tabellenform uber einen Drucker oder analog
zur Aufzeichnung auf einen XY-Schreiber ausgegeben. Der
ProzeBrechner dient dariiber hinaus auch direkt zur Steue-
rung von Einrichtungen wie der Crashanlage und der Hydro-
pulsanlage.

4. Ausblick

Im Rahmen einer Neubaumafinahme des TUV Rheinland
wurden die verschiedenen Kraftfahrzeugprifeinrichtungen

zu einem Kraftfahrzeuglabor zusammengefafit. Obwoh] eine
grofe Zahl der Prifeinrichtungen speziell zur Erfiillung der
Anforderungen der geltenden Regelungen und Richtlinien
erstellt werden, ergeben sich in vielen Fillen zahlreiche wei-
tere Anwendungsmoglichkeiten im Rahmen der Weiterent.
wicklung von Fahrzeugen, Fahrzeugteilen und Prifverfah-
ren. Interessierte Hersteller und Behérden auf diese Moglich-
keiten hinzuweisen, ist das Ziel dieser Darstellung.
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LAYOUT OF JAPAN AUTOMOBILE RESEARCH INSTITUTE, INC.

Proving Ground Facilities

High Speed Circuit,

3500 m iong, 12 m wide concrete
pavement

Outer Circuit,

7,000 m long, asphalt pavement
Multipurpose Test Track,

500 m jong, 30 m wide and 500 m
long, 45 m wide, Total length
1,000 m, asphalt pavement
Slippery Test Track,

450 m long, 30 m wide, polished
concrete pavement

Skid Pad,

100 m in diameter, asphalt pavement
Steering & Handling Test

Ground,
with area of 72000 m?*, asphalt
pavement

Standard Uneven Road,

300 m long, 4.3 m wide, granite
block pavement

Test Slop

10 m long, grade 30%
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A Guide to Customers

With excelient and unigue facilities, we are well ready to
handle probiems on automotive technologies. We will under-
take specific work for manufacturers and other customers
on a strictly confidential basis on all aspects of automotive
technologies. Our long-term activities provide an admirable
background for consuitative work while our range of test
facilities are available at short notice to assist with your day
to day .problems. Qur staff are always available to give
advice and to discuss specific projects on all aspects of
testing and research on automobiles.

Address your initial inquiry to;

Technical Information Center, Japan Automobile Research
Institute, Yatabe-cho, Tsukuba-gun, Ibaraki-ken 300-21,
Japan
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6. JARI PROVING GROUND AND TEST FACILITIES

Our well-combined research activities and an excellent and versatile array of testing facilities and
technology are the bases of JARI operations. The JARI was built in the site extending over an area of
nearly 2.4 million square meters (586 acres). Various research laboratories and excellent purpose-built
facilties are well arranged in the extensive site, which is surrounded with a natural beautiful scenery on
the foot of Mt. Tsukuba. Proving ground and research facilities include varied and flexible testing
capabilities, which are available for leasing to on-site customers.

1. High-speed Test Circuit, 5,500 meters long

The high-speed oval track, asphali-paved, is one of the longest of its type in Japan. The 5.500 meter
ovel circuit has a straight course about 1,500 meters long and 12 meters wide. The banked corner, which
allows neutral speed of up to 190 kilometers per hour, has a maximum slop of 45 degrees. The lane for
vehicles travelling at the design speed is marked in yellow. This circuit is used for a variety of tests
including endurance, braking, vehicle aerodynamics, lubricant effectiveness and automatic control. The
inside lane is for slow-speed and outside two lanes are for high-speed.

High-speed test circuit, 5,500 meters long

2. Outer Circuit

The asphalt-paved circuit is on the outer side of the high-speed tracks. The circuit measures about
7,000 meters long and ideal for endurance tests.

3. Multipurpose Test Track

The test track is an asphalt-paved straight
road measuring 1,000 meters long and 30 to
45 meters wide. This test track is primarily
used for acceleration test, braking test and
various other performance tests on vehicles.
4. Slippery Test Track

The main streich of this test track is 20
meters wide and 450 meters long and has
polished concrete finish. This track is
equipped with an apparatus, which sprays
water over road from the left side 1o the
opposite side. Tests on tire characteristics, Multipurpose test track, 1,000 meter
braking and skidding are conducted on the straight road
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wet road surface. It it also possible 10 conduct tests on hydroplanning caused by the water film on the
road surface. - '

5. Wading Trough
The trough is 0.6
meters deep and about
50 meters long. Water
depth 1s adjustable up
10 0.6 meters. Itisused
1o test body underfloor
construction sealing.

6. Skid Pad

An 100-meter
diameter circular test
facility paved with
asphalt 1s used prima-
rily for all twpes of
handling tests includ-
ing tre and brake
testing. From the
center of the pad.
water is sprinkled
rapidly for wet testing.

Skid pad, 100 meters in diameter

7. Brake Slop

It 1s used mainly for parking brake test.
The length is 10 meters. width 4 meters,
grade 30% (16'42") paved with cement
concrete.

8. Belgian Block Course

It is a road featuring rough, uneven
surface for standard test on general per-
formance and durability. Specifications of
the road surface were established by calcu-
Jating the mean value of the bumpy roads
throughout Japan. Four types of granite
blocks with bumpy surface are embedded
into the road measuring 300 meters long,
4.5 meters wide.

Belgian block course

9. Steering and Handling Test Ground

The test ground was constructed in 1972 to conduct overturning immunity tests of the domestic
Experimental Safety Vehicles (ESV). It covers an area of 72.200 square meters and it is of international
standard. Slalom and J-turn tests at thigh speed and constant circular turning tests are conducted to
check the overturning immunity in braking and steering of high-speed test vehicles. Automatic driving
is made possible by an automatic guddance cable system buried under the road surface.

10. Cross-wind Generator

This has five huge electric blowers with maximum output 320 kilowarts each in parallel formation.
The mouth of the blower measures about two meters high and 15 meters long. Wind velocity is
changeable in three stages from 13 meters 10 30 meters per second. This equipment is used to test the
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Cross-wind generator produces wind gusts up to 108 km/h

effect of crosswinds on automobiles when running on an unprotecied streich of expressway, emerging
from a tunnel or crossing a long suspension bridge. This equipment gives the highest performance in
- the world in terms of wind velocity.

11. Full-scale Wind Tunnel

This wind tunnel is well used both for hire to cusiomers and for self-sponsored projects. The length
of the facility is about 100 meters. It is and efficient straight Eiffel Type wind tunnel. Air is sucked
in form the right side of the facility and blown out from the left side. There are two measuring portions.
It can accommodate large or small vehicles and incorporates both an aerodynamic balance and chassis
dynamometer. The vehicle shape on fuel economy, wind distrubance, ventilation, engine cooling and
safety can be evaluated here. The projects aimed at reducing the drag of various vehicles occupy a
considerable part of the operations. The first measuring portion measures three meters high, four meters
wide and 10 meters long. Wind velocity is 25 10 57 meters per second. The second measuring portion
measures five meters high, six meters wide and 13 meters long. Wind velocity ranges from one to0 23
meters per second. The diameter of wind blower, which is driven by 1,200 kw electro moters, is 5.5
meters.

Aerodynamic test in the wind tunnel. Air Aerodynamic test of 8 motorcycle set
stream is visualized with white smoke upon & measuring balance
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Outside view of full-scale wind tunnel

12. Collision Test Facilities

The facilities are designed to accomodate all crash models including direct barrier and poll impacts,
vehicle-to-vehicle impacts and roliover simulations along a 350-meter main tow road. A 200-meter sub-
tow road and additional five 120-meter subtow roads are equipped for testing side impacts at varied
lateral impact angles. The test car can be accelerated up to 130 km/h by a steel guidance cable in a
shallow groove set below the tow road. Camera pits are set adjacent 10 the fixed barrier in front of the
control room. The test area is 67 by 150 meters, the impact barrier weighs 246 tons, maximum collision
speed is 130 km/h (36 m/s) in the case of a 2.7 ton vehicle.

Data Reduction: A wide range of insiruments, including accelerometers, load cells, strain gauges,
thermocouples, and pressure transducers, is available. Transducer signals are processed through Remote
Signal Conditioning Modules (110 channels of data). Dummy Calibration: The Dummy Calibration
Laboratory is a complete certification facility as required by the code of U. S. Federal Regulations, Title
49, Pant 572. '

Collision test facilities
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Collision of a passenger car A test of side collision with
aginst the side of 2 motorcycle. passenger cars
Anthrometric dummies are used

in safety tests.

13. HYGE Reverse Impact Simulator

The facility, called the 12-inch diameter HYGE unit, can accurately simulate various types of impact
wave forms during collision. The pneumatic-powered impact sled simulates the rear-instant stop of a
front end collision under controlled and repeatable conditions. In a test, the sled of 50 G in case of a
car-body foundation weighing
560 kg. It can handle a wide
range of component testing
including engine mounts,
shoulder harness, air bags, head
restrains, safety standars, and
establish product performance.

A test of occupant restraint
system with the impact

simulator

14. Full-scale Anechoic Chamber

JARI anechoic chambers provide an effective test environment for acoustical measurement. This
chamber, is made of three separate test rooms. One is a large anechoic room big enough 10 accommodate
a full-size vehicle to test externai noise emitted from it. Other purpose-built anechoic rooms are ideal
for measuring noisen emitted from engine and exhaust pipe separately. Wall surfaces of the rooms are
.all covered with sound wave absorbing wedges (made of glass wool) which prevent reflection of sound
waves acoustically. The first large room has an inside dimension of 17m X 24m X 10m (high) and
equipped with chassis dvnamometers. Background noise when operating the chassis dynamometers and
cooling fans is below 50.0 dB.




Full-scale anechoic chamber is big enough to accommodate heavy duty vehicles

15. Reverberant Test Rooms

This sound transmission-loss test room enables the
airborne sound transmission loss properties to be measured
of the materials employed in the construction of vehicles.
The facilities consist of three test rooms, one for measure-
ment of sound absorption coeflicient and other two for
‘measurement of sound transmission loss, which are used for
studies of the materials with sound space absorption and
insulation properties. Effective capacity is 36.9 cubic meters
each in pentagonal shape. The test range of frequency is 250
Hz—8kHz. The measurements are performed by a computer
system within half an hour.
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Automatic measuring system

16. Electro-magnetic Anechoic Chamber

Electromagnetic interference is becoming a major problem as more electronics go on cars and more
sources of interference become turned on.

As the building itself is completely shielded electrically. this chamber can prevent completely the
effects from external radio waves and internal reflecting radio waves. Foam polyurethane pyramids
preventing the reflection of micro waves are installed on all wall surfaces. A test vehicle is placed on
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a turn-table in the center for precise measurement of noise emitted from electric and electronic appliances
loaded in the test vehicle. Inside dimensions of the chamber, 20m X 8m (high) ; reflecting radio wave
absorbing capacity, damping of 100 dB or more possible at 25 ~ 10,000 MHz.

17. Tire Testing Equipments

JARI's advanced tire research offer the most comprehensive and consistent data on tire performance
characteristics, 10 measure the mechanical properties of tires under load at actual road speeds under
controlled conditions which simulate tire use, 10 measure tire braking and tractive properties under wet
and dry surface conditions, to monitor, record and interpret the influence of variables such as tire design,
operating pressure and temperature, lire wear and rate of change of tire atitude on tire performance.

(1) Trailer-type Tire Testing
Vehicle

The system consists of a
tractor and trailer with the
tractor section equipped with
instrument room, water tank
and a sprinkler. Test tires are
attached to the trailer section.
The sysiem has the additional
new testing mechanism based on
tester consisting of an ASTM
standard skid resistance number
measuring device. Skid and
friction resistance on wet and
dry pavements can be measured
on passenger car and light-duty
track tires.

Trailer-type tire testing vehicle

(2) Dypnamic Tire Performance Testing
Machine
The machine is designed to measure the per-’

formance of tires in motion. This is the largest
such machine in Japan, featuring a rotating drum
of 3.5 meters in diameter. The outer surface of the
drum produces various degrees of friction to
simulate actual road conditions. On the other side
of the drum surface, by sprinkling water, a test on
hydroplaning of tire on water film can be conduct-
ed. Peripheral speed ranges from 0.3 to 350 km/h.
Vertical load is between 100 and 3,000 kg.

Right: Dynamic tire performance testing
machine
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(3) Tire Testing Machine Measur-
ing Six Components of Force and
Moment

It is an apparatus to accurately
measure the applied force (six com-
ponents of force and moment) when a
tire rotates. It is used primarily to
study the controllability of passenger
vehicle tire when braked and 1o study
tire noise generation. Peripheral speed
of the drum is between 2 and 200
km/h. Iiems 10 be measured ; vertical
load, side force, drag (front and rear
force), self-aligning torque, rolling
moment, overturning torque. Drum
diameter is 1,707 mm and drum speed
is 2~200 km/h.

Tire testing machine for measuring six components of
force and moment

(4) Universal Static Performance Testing Machine
It is an apparatus to measure tire performance when a load is applied on the tire in a standstill
position-or when it is moving very slowly. Using a hydraulic system, the table can be moved up and
down. back and forth, right and left. It is also possible 1o rotate it around the vertical axis. Tires
_ranging from those for compact passenger car to heavy duty industrial vehicles can be tested. Load
applicable ranges from 2.5 to 50 tons in five sieps.

Universal static tire performance testing machine T -

(5) Tire Endurance Testing Machine
Two rotating drums, 1,707 mm in diameter, driven at speed up 10 144 km/h, provide a simulated road
way for a test of tire endurance up to contineous 40.000 km under vertical load up to 4,500 kg and with

test variables such as speed, operating pressure. the rate of change of tire attitude preprogrammed into
computers.
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Tire noise testing machine

Tire endurance testing machine with two
positions for setting test tires

(6) Tire Noise Testing Machine

A rotating Drum, 1,707 mm in diameter, is driven at a peripheral speed ranging from 20 to 200
km/h and under a vertical load up 10 3,000 kg 10 measure noises generated from rotating tires. It is used
for the studies of noises on tires.

18. Electro-hydraulic Vibration Testing Machine

These machines are for conducting
vibration tests on automobiles. They
can vibrate vehicles vertically up and
down. A bad road can be simulated
through application of vibratory
response characteristics of auto-
mobiles and random four wheel
inputs to test riding comfort. There
are two vibrating machines. Since
four wheel can be vibraied independ-
ently with different wave forms, these
machines can be used to simulate a
bad road 10 test riding comfort.
Vibrating force+2 tons, maximum
displacement+75 mm, maximum
speed+ 140 cm/s.

Vibration testing machine
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19. Ambient Laboratory (Environmental chambers)

The chambers allow vehicle testing over a wide range
of temperature, atmospheric pressure and humidities.
Temperature can be adjusted from minus 40°C 10 plus
50°C. atmospheric pressure from 460 mm to 760 mm of
mercury. and humidity from 30% to 80%. Running
conditions unique to a cold area, highland, and highly
humid area can be reproduced ‘respectively. This
labratory consists of two rooms of the same size. It can
measure the engine perfermance at normal and transi-
tional speeds. It can also measure componests of
exhaust gases. Test rooms, 6m long, 5m wide X 3.5m
high each, two-stage compressor formula (using freon
gas 22 as refrigerant) is emploved and accomodate a
.single automobile in a chamber.

Ambient test room simulates low temper-
rature and high altitude environments

20. Fixed-type Smog Chamber

Air pollutants caused by automobile emissions such as NOy, THC, CO and photochemical oxidants
can be analized here. Anificial ultraviolet ray can be radiated in the chamber 1o reproduce
photochemical reactions in
polluted air.

21. Visibility Test Room

~ This is used for measurement
of eye ranges, visibility of
drivers and illumination of
lighting system of vehicles.
Installed is a curved screen and
a flat table of 7mX4m, with
additional three dimentional
measuring apparatus.

Visibility test room




22. Chassis Dynamometers

These dynamometers, with absorption capacity of up to 220 H. P., are mainly used for emission lests,
but are of course also suitable for general performance testing of vehicles such as measurement of power

at the driving wheels and fuel consumption. Test room is operated under a constant temperature and
humidiry. '

Control snd measurement room
attached to chassis dynamometer

23. Fatigue & Endurence Testing
Machine

This is used for the study on the
fatigue and endurance performances of
various composite materials developed
for automotive applications.

Faitigue & endurance
testing machine
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24. Animal Laboratories -

In order to assess the health effects of diesel exhaust emissiors, extensive research and tests are
conducted through in vitro and in vivo experiments with groups of small animals. A new alboratory
was built in 1982, which was two-storied with a floor space of 2,129 m. The cxcellent purpose-built
facilities consist of the sections seperately for generating diesel exhaust emissions, treatment for dillution,
chemical processes, inhalation chamber rooms, biological and medical studies and the rooms for
breeding small animals in clean air. Additional systems are attached, which are designed for air
conditioning and feeding clean air into the facilities.

The HERP (health effects research program) was put in operation in 1983 on a long term project
sponsoured by the industrv. The objective is to establish a link berween diesel exhaust particulate and
adverse health consequences, including mutagenic studies. Another laboratory is equipped for genetic
studies on automotive emissions by bacteriological test methods. On the other hand, the Operant

apparatus is employed to observe behavioral changes of small animals exposed 10 exhaust gases, thereby
assessing chronic health effects.

Inside view of inhalation chamber room for experimental small animals

35







APPENDIX X










5. R&D RESOURCES

The Institute’s main R&D resource consists of
the competence of individual researchers and
groups of researchers in the fields of traffic
engineering. transport economy. traffic safety,
road user behaviour. biomechanics. vehicle
engineering and the construction and operation
of roads. In addition the following resources
are also available at the Institute.

Experimental road and climate units

These three units each contain a "tank™ in
which a full scale roadbed can be built up.
“Groundwater™ can be led into the tank. Vari-
ous measuring devices. both mechanical and
electronic. can be located at desired levels in
the different courses making up the roadbed.
These units are insulated so that experiments
can be carried out throughout the vear.

One of the units. the climate unit. has especi-
allv insulated walls so that temperatures can be
varied between -20°C and +30°C irrespective
of the time of the year.

Surfacing unit

This unit is intended for full scale laboratory
experiments on surfacings. It can be heated up
10 +18°C and can therefore be used for experi-
ments throughout the vear under the same
tvpes of conditions.

Road testing machine

The machine consists of six wheels that rotate
on a circular track - with a median radius of 2.5
m - which can be covered with the different
materials 1o be tested. The machine thus en-
ables the rapid testing of different surfacing
materials or of studded tvres under “traffic
conditions™ and under completely controlied
conditions with regard to “distance™. wheel
loading and climate.

Road research laboratories

In the road research laboratories experiments
are carried out in the fields of frost physics.
road geology. surface engineering and loading
capacity.

Laboratories for the routine testing of road
materials

Routine tests of road materials are carried out
at a number of laboratories.

Equipment for measuring road characteristics

A considerable proportion of R&D work 1is
carried out in this field. For this purpose a
number of special vehicles are available.
equipped for measuring and recording the
evenness of road surfaces. friction and light re-
flecting properties as well as load bearing and
deformation properties.

General vehicle equipment

Experimental vehicle research is carried out in
a well-equipped laboratory which includes a
vehicle testing unit and equipment for the test-
ing of wheels. vehicle braking and power trans-
mission systems, fuel consumption. rolling re-
sistance. tvre wear and the strength of towing
bars. For the testing of apparatus and the test-
ing under driving conditions (not requiring too
great space) there is an asphalt covered road-
way immediately adjacent to the laboratory.

Tvre 1esting equipment

At present there is some basic laboratory
equipment for the testing of tyres. With the aid
of funds from the Swedish Board of Technical
Development a highly advanced and unique
unit is currently being constructed for studies
of the dynamic properties of tvres under differ-
ent road and climatic conditions. The unitis ex-
pected to be completed by 1982.

The biomechanical laboraiory

In the indoor unit full scale collision tests are
carried out (for the analysis of e.g. safety belts.
crash helmets, seats, etc.). In an outdoor unit
collision test are carried out e.g. on car against
car. car against crash barriers and against
lampposts. Both installations permit speeds of
up to 110 km/h with masses of up to 3 metric
tons. For recording and evaluation there are
anthropometric dummies of various sizes. high-
speed accelerometers. a fifty channel tape re-
corder and high-speed cameras.

Car simulaitors

A number of simpler types of car simulators
(e.g. visual field. vibration. noice) are already
available. With the aid of funds from the Swed-
ish Board of Technical Development work is cur-
rently in progress on the development of an ad-
vanced car simulator. The car simulator enab-
les studies of situations that are either impos-
sible or very expensive to test in traffic or at full
scale e.g. the different handling characteristics
of cars when driven by normal or disabled
drivers. or tests concerning different traffic
situations or training for critical situations.
driving on ice. etc.



The measurement and recording of road user
behaviour

Equipment is available for the analysis of dif-
ferent road user behaviour by recording the
movements of driving controls as well as of
road user eve. foot and hand movement together
with other physiological phenomena such as
pulse. breathing and skin resistance. Advanced
equipment is also available for the measure-
ment of various phyvsical reactions that affect
behaviour such as light. noise. vibrations and
triction.

Equipment for rraffic studies

Tratfic studies are carried out with the aid of
tratfic recorders which are able to distinguish
different types of vehicles and vehicle combin-
ations with regard to axle arrangement. the
time taken to pass. direction. speed and time
gaps between vehicles.

Computer cameras adapted for mono-optic or
sequence filming under electronic control can
be linked to and be synchronically controlled
by the tratfic recording units.

Tratfic movements within limited areas are re-
corded on video tape.

Traffic simulation model

The development of this model has enabled the
description of changes to traffic flows through
the detailed study of the movements of indi-
vidual vehicles crossing a given section of road.

The simulation model can be used e.g. for com-
paring the effects of alternative measures, or
combinations of measures. before these are
implemented such as changes to speed limits or
the introduction of grades.

Computer vehicle simulation

The simulation of a vehicle’s movements as a
function of the vehicle’s construction. loading,
speed. road characteristics. tyre characteristics
and manoeuvrability can be carried out with
the aid of different computer programmes.
These enable the testing even ai the construc-
tion design stage of the suitability of different
constructions.

Construction office and design workshop

The Institute has an office for general machine
construction and an experimental workshop.
In consultation with research personnel. ap-
paratus ., measuring devices and machines are
developed and produced for the Institute’s
various R&D activities.

Computers

For theoretical research there is a hybrid type
EAI-SEL computer system. For digital com-
puter programmes the Institute has a type
NORD-10/S computer equipped with a disc
memory. magnetic band units, line printer and
plotter. At present nine terminals are linked to
the computer. Some of these terminals can also
be linked to outside computers by means of the
telephone network.

Information and documentation services

The Institute’s information and documentation
section provides scientific documentation and
library services. Library staff are specialists in
document searches for literature references as
well as projects within the fields covered by the
Institute. For these purposes thev employ the
library’s computer terminals for on-line searches
with the aid of the library’s own computerized
library catalogue GEOROAD. the IRRD (In-
ternational Road Research Documentation)
data base as well as a number of other interna-
tional data bases. Books etc may be borrowed
from the librarv. or copies can be made. and
among other things the library contains 1200
journals and report series.
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Aerial view of the Transport and Road Research Laboratory
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the Laboratory

been part of the common research services to the Departments of the
Environment and Transport.

Resources

The laboratories, other experiment facilities and offices occupy a site
of 250 acres (about 100 hectares) at Crowthorne in Berkshire. The
present staff total is about 1000 of whom about half are scientists and
engineers; external expenditure on contracts with industrial firms,
consultants and universities is now about £2M annually.
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TRAFFIC SAFETY AND NUISANCE RESEARCH INSTITUTE
JAPAN MINISTRY OF TRANSPORT

Table of Organization

TRAFFIC SAFETY DIVISION
Transportation System Section
Railway Section
Motor Vehicle Structures Section
Motor VUehicle Dynamics Section
Automotive Equipment Section
Accident Analysias Section
Aviation Section

TRAFFIC NUISANCE DIVISION
Engine Section
Measurement Section
Acoustic Section

AUTONMOBILE TYPE APPROUVAL TEST DIVISION
General, Steering, Bus and Truck
Passenger Car and Emissions
Safety Equipment
Power Transmittance and Brake
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Background

The Federal Motor Vehicle Safety Act
passed in 1970 resulted from government
recognition of the need for safe motor
vehicle design as one step in arresting
the rising human and financial cost of
motor vehicule accidents.

This legisiation and the regulations that
followed were designed to develop and
enforce safety standards for Canadian
and imported passenger vehicles, trucks,
trailers, motorcycles and snowmobiles.

The Motor Vehicle Test Centre has been
established to ensure that these safety
standards are properly applied. The Test
Centre offers a wide range of vehicle test
facilities to government, industry and private
research agencies.

The Test Centre is located in Blainville,
north of Montreal on 550 ha of federal land
formerly part of Camp Bouchard.

The construction of the Centre was com-
pleted in 1979. The cost of the project is
$25,7 million, with the buildings accounting
for $8,5 million, the equipment $3,5 million
and the track facilities $13,7 million.

Administration

This Division of the Test Centre is
responsibie for the general administration
of personnel, finance and other central
support services such as budgetary control,
contract administration, employee relations,
publicity, security, purchasing, buildings
and maintenance.

Security

Security is maintained 24 hours per day

by the Canadian Corps of Commissionaires
using a system of patrols and a closed
circuit television system.

The regulations which cover security

and confidentiality of operations at the
Test Centre provide that access is limited
to persons bearing identity cards issued
by management and specifying those areas
to which access is restricted.

Clients will be accorded exclusive use
of test areas, upon request, subject to
suppiemental charges.

Operational safety is the direct respon-
sibility of a safety officer with complete
control over track access and operations.
No vehicle is permitted access to tracks
without driver certification and being
equipped with 2 mobile radio.

First aid facilities are available on site.
An ambulance can be provided on stand
by, at client’s request.

Fire control is provided by the Test
Centre’s own emergency vehicle which
is a prototype of the package designed
for small airport operations.

TRACKS
High Speed Track

- Oval design 6.5 km in length
- congcrete construction 23 cm thick

- width varying from 7.3 m in straight-
ways t0 9 m in the curves.

- length of straightways: 1.6 km each

- curves have been constructed to give
**hands off”’ speeds of up to 180 km/h




- this track gives direct access to the
brake test area and the vehicle dynamics
area.

Brake Test Area

- Length: 670 m
- Width: 27 m

A paved surface of a uniform skid resis-
trance to permit tests by automobiles and
trucks. Includes a 4.7 m wide loop at one
end to permit limited vehicle acceleration,
as well as a brake soak areaup to 1.3 m
in depth.

Low Speed Track

This track is 7.3 m wide and 6.9 km long.
It provides for kilometrage accumulation
and other low speed vehicle tests all year
round. This track also serves as an access
road to other installations.

Vehicle Dynamics Area

A triangular shaped, 9 ha (22 acres) test
area to be used for a wide range of tests
such as: performance, braking, handling
and guard-rails.

Skid Trailer

A tire and pavement friction tester is
availabie to test tires in accordance with
SAE J345 and pavements in accordance
with ASTM-E274-70.

Mobile Noiss
Measurement Laboratory

This vehicle is provided with highly special-
ized Bruel & Kjaer equipment such as:

- chart recorders type 2306F and
2307A

- sound level meters type 2209 and
2210

- analyzers type 2131C and 4426
- tape recorder type 7003F
- exterior microphone type 4921,

In addition, a portable NTSC compatibie
video system and portable weather mea-
suring instruments are available in the
mobile laboratory to support tests.

Collision Testing Facility

The facility permits normal collision
barrier and rollover tests to be con-
ducted and comprises:

- An exterior track of 100 m on which
vehicles up to 6 800 kg may be pro-
pelled against the concrete mass of
181 metric tons, up to speeds of
48 km/h.

- A computer system and ample photo-
graphic and supporting facilities to
record crash phenomena

- a propulsion system which includes
a linear induction motor of 746 kw.

Environmental Test Chamber

Can simulate harsh winter conditions with
temperatures between -40°C to0 26°C
controlled to within 1.5°C and winds up to
24 km/h and accommodates automobiles
and buses.




The overall area is 502 m2 divided in the
following way:

- Large chamber:

a surface area of 93 m2 with a
height of 6.4 m.

- Small chamber:

a surface area of 28 m2 with a
height of 3.7 m.

Characteristics:
- Refrigeration system consisting of
compressors in series to produce
both low temperature (-15°C) and very
low temperature (-45°C) conditions.

- CRR Compressor model SH40 for low
temperature and mode! SH120 for very
low temperature

- Exhaust system for each chamber.

The large environmental test chamber is
unique in that it allows vehicle operation
under controlled temperature conditions.
To this end, two dynamometers with
different characteristics are available

to users:

Small dynamometer

Clayton model CTE 50 for testing of
vehicles weighing between 455 kg and
4 034 kg.

The dynamometer is mounted flush with
the floor and consists of two steel rollers
with air brakes and pneumatic lift between
the rollers. A power absorption unit is
connected directly to one of the rollers
and inertia weights permit the simulation
if loadings from 455 kg to 4 034 kg.

Large dynamometer

Clavton model CT200 for testing of heavy
vehicles and capable of supporting 10 277 kg
per axie with tires of up to 2.7 m exterior
diameter.

The dynamometer is mounted flush with

the floor. It consists of two sets of steel
rollers in order to permit the testing of
vehicies with twin axles. The dynamo-

meter bogie wheels (2 groups of 3 rollers)
can be adjusted to accept axle spacings

of from 1 m to 1.5 m. The dynamometer is
also equipped with an independent mechan-
ical braking system for safety purposes

and to permit easy movement of the vehicles.

Laboratory

Area of 4 700 m?2 housing many facilities:

A structures laboratory equipped with:

- Vehicle Test Structure having the
capacity of verifying the following
compliance standards:

- 207 seat anchorage
- 210 seat-belt anchorage

- 214 side door strength
- 216 roof intrusion

- a bumper pendulum used for testing
compliance with standard 215

- equipment for verifying compliance
standard 201 for occupant restraints.

A vehicle preparation laboratory with the
following facilities:

- work stations for automobiles and
buses

- a Bear Telatronic model 685 whesl
alignment system for automobiles and
small trucks

- a dynamometer identical to the small
dynamometer located in the environ-
mental chamber,




Service Station

This facility which is adjacent to the low
speed track is fully equipped to handle
normal vehicle service and maintenance
operations as well as providing standard
fuel mixtures and lubricants.

Garage

Near the laboratory, this facility permits
interior storage of a small number of
vehicies for short periods of time.

Clients wishing to store a large number
of vehicles indoors for lengthy periods
of time will be offered somewhat more
remote garage facilities.

Weigh Scale

A fully enclosed electronic balance is
available to weigh test vehicles. Its
maximum capacity is 36 metric tons.

Conterence Room

A large boardroom with audio-visual
facilities may be used for personnel
training or major meetings.

Vehicles

The Test Centre is equipped with a wide
range of special purpose vehicles. These
include standard pick-up trucks and station
wagon type vehicles, a 4 wheel drive,

9 090 kg capacity wrecker vehicle, tratlors
and a multi-purpose industrial all-terrain
vehicle.

Electronics laboratory providing for
instrument calibration and data acquisi-
tion. It inciudes a computer centre and
an independent heating and air condi-
tioning system.

Photographic laboratory

A full range of photographic equipment
is availabie for documentation of tests.
This includes 35 mm SLR’s, large format
cameras, high speed photographic systems
and video tape, all with a full range of
accessories.

A small darkroom facility and photo
montage workshop are also availabie.

Machine shop

Completely equipped for general repairs
and design of new specialized equipment.

Carpentry shop

Compiletely equipped for emergency
repairs and design of new equipment.

Control Tower

The control tower enables half the low
and high speed tracks to be in full view
and also the complete brake test area.

A safery officer controls all activities

on the exterior test areas. Effective
control is exercised mainly through

the medium of a mobile radio system,
suppiemented as necessary by a light
signalling system. Also meteorological
data are available from the control tower.

Rate Schedule

A rate schedule which has been developed
for services available at the Test Centre

is intended to be comparabie with other
facilities of a similar nature.
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