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27. Some Interactions Among Driver, Vehicle, and
Roadway Variables in Normal Driving

MaLcoLm L. RITCHIE, JoHN M. HowarD, AND W. DAVID MYERS

Wright State University

At the Fourth Annual Manual (ref. 1) I
reported on a study of driving behavior in which
we had related lateral acceleration in curves to
the forward velocity. We plotted the data for 50
subjects, each of which drove a course containing
227 identifible curves. The relationship which was
obtained was

v
=P -0, — =1
g 0068(20 )

where g is the lateral acceleration in gravitational
units, P is a constant for an individual but varia-
ble between individuals (90 percent of the P
values were between 0.33 and 0.19 g) and V is
the forward velocity in miles per hr between 20
and 60. Since then we have gathered more data,
have read some interesting reports by others, and
have thought more about the problem. In this
report I will discuss all three developments.

Inthe January 1971issue of Sports Car Graphic
there is an article entitled, “World’s Most Ad-
vanced Race-Driving School” (ref. 2). At this
school aspiring drivers drove an instrumented car
which allowed them to study their individual
performance. The instrumentation produced a
recording of lateral acceleration and forward
velocity. The results for the aspiring drivers were
compared with those for Mark Donahue in an
effortto discover why Donahue could beat them
through the course.

The velocity and lateral acceleration data for
Mark Donahue were presented in such a way
that an equation could be derived to express the
relationship between g and v for those curves in
which he had a free choice of speed. For Mark
Donahue the expression is

M
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No velocity term is in the expression because the
lateral acceleration did not vary with velocity.
The car would stay on the road at 1.25 g and
apparently Donahue’s technique for each curve
was to achieve and hold that speed which pro-
duced 1.254¢.

We may assume that the vehicle used by Mark
Donahue would lose adhesion at a g value slightly
higher than 1.25. It is estimated that the Buick
station wagon which was used in all our experi-
ments will lose adhesion at about 0.67 g. Where
Mark Donahue stayed at something like 98 per-
cent of breakaway g at all speeds, our ninetieth
percentile driver achieved 50 percent of break-
away g at 20 mph, and eased off to about 30
percent at 60 mph.

We have become a little more ambitious and
would like to be able to account for vehicle and
roadway variables in addition to personal varia-
bles. We can expand equation (1) as follows:

g=(PynPz . . .PYyps * * * va)
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where P, P, etc., are the family of personal
variables, »;, vy etc. are the family of vehicle
variables, and R, R, etc. are the family of road-
way and environmental variable. We have begun
to consider which variables in each family account
for most of the variance.

Inthe first study of this series (ref. 3) we found
that men drove faster and pulled more lateral g’s
than women. Partially completed analyses sug-
gest that most of this difference may be due to
the fact that men drive more miles per year than
women. In addition to miles per year we have
somedataondriver’s age,number of years driving,
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and hand dominance. We have found no signifi-
cance to age and number of years driving. Our
left-handed drivers drove faster than right
handed, but the number is too small to be con-
clusive. In observing our subjects it appeared
that there was a relatively large variability due
to level of aspiration. Some subjects appeared
quite in awe of the experimenter, while others
appeared to be making a game of trying to toss
the recorder in his lap. We plan an experiment
soon in which we hope to measure the influence
of the subjects’ understanding of what he is try-
ing to do.

In the original experiment all the subjects were
run in the same vehicle, a 1962 Buick Invicta
station wagon with power steering and brakes.
Experimental controls were applied to insure that
no vehicle variables entered into the experiment.
Since the original study we have run 60 more
subjects (making 110 total) in the same car on
the same 110 mile course over Ohio state high-
ways. Fifteen of these were run with the tire
pressure lowered to 21 1b cold (from the standard
29). Another 15 subjects were run with the speed-
ometer covered. The same Buick station wagon
was used for these runs also. Low tire pressure
was used as a simple way to get a change in the
vehicle's dynamic characteristics. The covered
speedometer eliminated some of the information
which the machine normally provides the driver.
Fifteen more subjectswere run through the course
at night, and a final 15 subjects acted as a con-
trol group, repeating the conditions of the first
experiment.

The results of these four conditions are shown
in figures 1 and 2. The data points for each curve
are grouped by the mean velocity for that curve
in the first experiment. Figure 1 shows the re-
corded speed plotted against the reference speed
for each curve. It will be seen that the speeds for
the night and the control condition are indis-
tinquishable statistically from each other, but
both may be distinquished from the low tires
and the no speedometer condition, which are in
turn indistinquishable from each other. The gen-
eral statement is that the group with low tires
and the group with no speedometer drove faster
than the control group, but the night group did
not drive faster than the control.

Figure 2 shows lateral acceleration plotted
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Freure 1.—Comparative speed in turns for night (2),
no speedometer (3), and low tires (4).

-300- /‘\

i 3><s/‘\

i ‘=-<‘
Letersl 3500 / \

‘180
e
lis0- \

i5 20 25 30 35 io 45 50 55
Curves Grouped by Mean Spsad for esch Curve original study - WPH

2216 239 238 211 198 169 -i50 J123 a2

2 Hight 085 ok 050 lobh 038 038 ‘026 02k 023

L2785 264 .288 L2802k L2113 <184 L1506 127

Ko
3 Sp d .056 .032 -065 -056 ~055 .048 N <035 .037

H
s
"
s
Wlew o em 220 273 284 240 228 .199 183 Jsz 29
T s, 035 037 057 J0hB s 051 -034 ~028 042
n
s

5 Control Hesn .28 .306 .291 281 2k 19k 191 kg 127

024 064 067 054 050 083 -037 022 023

Fraurg 2.—Comparative lateral acceleration for night (2),
no speedometer (3), and low tires (4).

against the reference speed foreach curve. It will
be seen that the night group produced lower
accelerations than the low tires, no speedometer,
and the control groups; these latter three being
statistically indistinquishable.

How is it possible that the control group drove
no faster than the night group but still produced
higher lateral accelerations? When the data from
the two-channel Brush recorder were read, the
acceleration value read was the peak acceleration
produced in a given curve. The velocity was then
read at that point. If the control group drivers
systematically jerked the wheel to a greater
degree than the night group, thus producing
greater spikes on the lateral acceleration trace,
the result would be as observedin the two figures.

Inthe report we gave at the 4th Annual Manual
(ref. 1) we showed figure 3, which is a plot of the
recorded speed as a function of the speed values
of advisory signs. Our subjects drove faster than
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Ficure 3.—Actual speed in curves in
relation to advisory sign speed.
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Frqure 4. —Effect of the presence of advisory
speed sign upon choice of speed in curves.

the signs reading below 40, but did not drive
faster than advisories of 45 and 50. Figure 4
shows the lateral acceleration for those curves
with advisories and for the curves without
advisories. We have looked at the individual
curveswith advisoriesin relation to their advisory
speeds. Mean values for our 110 subjects show
considerable variability in speed and acceleration
with a given advisory speed. Using these data we
are negotiating with the Ohio Department of
Highways a contract to revise considerably the
methods by which advisories are assigned.
Selecting 162 curves which gave the drivers a
free choice of speeds, we had 79 with a curve
sign and 83 without. Figure 5 shows the plot of
lateral acceleration for these two conditions.
(Note that all 68 curves with advisory signs in
figure 4 are among the 79 curves in figure 5
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Ficure 5.—Effect of the presence of a curve
sign on the choice of speed in curves.
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Ficure 6.—Effect of the direction of turn
on the choice of speed in curves.

which had curve signs. No curve had an advisory
without a curve sign, but 11 had curve signs and
no advisory.)

These 162 curves consisted of 85 right turns
and 77 left turns. The speed versus lateral accel-
eration data for right versus left are shown in
figure 6. The difference s reliable because the two
curves do not overlap. It is a small difference,
however, and is about the same order as the
limits of the relatively simple instrumentation
system. Therefore, these data must be considered
as being subject to revision.
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