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SYNOPSIS 

A study has been made to determine maximum acceleration for passenger cars 
and their freewheeling and high-gear deceleration under test conditions In
vestigation was also made of acceleration and deceleration under running condi
tions Test cars were used m the first instance, without overhaul or special 
"tune-up", while in the second instance cars were observed under normal driving 
conditions, without the knowledge of the operators 

Second and high-gear maximum acceleration obtained from the test cars 
were approximately similar, approaching a maximum at speeds between 15 and 
25 m p h for second gear and between 20 and 35 m p h for high gear, with an 
approximate straight-ljne decrease to zero at maximum speed High-gear de
celeration IS affected by the same forces affecting free-wheeling deceleration, but 
with the additional factor of friction and compression of the motor Decelera
tion increased with speed at a rate greater than the first power of the speed, air 
resistance being the most responsible factor 

Regarding observations of deceleration, only vehicles traveling at the higher 
speeds exceeded a rate of deceleration of 8 m p h per sec , and 9 m p h per sec 
appears to be the maximum without discomfort to passengers 

Acceleration curves are similar in shape to decleration curves, except that the 
ordinate values are but half of those for deceleration A high rate of accelera
tion IS used for a short distance from the starting point, decreasing at a gradual 
rate after shifting into high This shift occurs between 100 and 200 ft from the 
starting point, with drivers in the lower speed groups shifting into high gear 
sooner and using a lower rate of acceleration 

This study was made for the purposes cars used Maximum acceleration tests 
of deterrmnmg (a) the maximum accelera- were made m both high and second gear 
tion characteristics and both free-wheel- The vehicles were driven at speeds lower 
mg and high-gear coastmg deceleration than the mcrement through which the 
charactenstics of motor vehicles, and (b) acceleration was to be measured The 
the manner m which motor vehicles are throttle was then fully opened and the 
accelerated and decelerated under run- tune required for the vehicle to accelerate 
nmg conditions In the first mstance, through the speed mcrement was deter-
test cars were used without overhaul or mmed by a stop-watch This procedure 
special "tune-up " For the second phase was repeated through successive ten-mile 
of the investigation, observations were increments of the entire speed range of the 
made of vehicles operated under normal vehicle All tests were made on approxi-
conditions, the drivers bemg unaware mately level grades and straight ahgn-
that they were under observation The ment 
report embraces characteristics of pas- Coasting Deceleration 
senger cars only -p^^ ^j^^ coastmg deceleration tests the 

PROCEDURE procedure was approximately the reverse 
of that used in the maximum acceleration 
tests The vehicles were brought to 

Before makmg the maximum accelera- speeds higher than the mcrement through 
tion and deceleration tests, it was neces- which the deceleration was to be meas-
sary to cahbrate the speedometers of the ured and then permitted to decelerate 
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The time required for the vehicle to 
decelerate through the mcrement was 
determined by stop-watch. The proce
dure was repeated through successive 
increments unt i l a speed of 10 miles per 
hour was reached. Lower values were 
extremely difficult to obtain. 

Coasting deceleration tests were made 
both in high gear and in free-wheeling. 
High-gear deceleration was measured 
with the throttle closed and the ignition 
on. Free-wheehng deceleration was 
measured with the gears in neutral. 

Normal Acceleration 

To determine the manner in which 
vehicles are decelerated to a normal stop 
and accelerated normally f rom standing, 
i t was necessary to observe traffic under 
operating conditions without the drivers 
of the vehicles being cognizant of the fact 
that they were under observation. 

For the normal acceleration study, 
observations were made of south-bound 
traffic at the intersection of S. E. 17th 
Avenue and McLoughlin Boulevard, 
Portland, Oregon (Fig. 3). McLoughUn 
Boulevard, south of this intersection, 
traverses a sparsely settled urban section 
with no major street intersections and 
few minor intersections. Rural highway 
speeds are permissible and immediately 
attainable after passing the fixed-time 
signals which control traffic at the S. E. 
17th Avenue intersection. 

McLoughlin Boulevard is a four-lane 
highway consisting of two 20-ft. cement 
concrete pavements separated by a 4-ft. 
asphlatic concrete neutral zone, and with 
8-ft. macadamized parking lanes between 
the outer pavement edges and the curbs. 
The grade is approximately level. 

Observations of acceleration were made 
of vehicles as they started to move after 
having stopped in obedience to the traffic 
signal. A broad yellow stop fine on the 
pavement indicated the place where 
vehicles were to stop. Practically all of 
the vehicles, arriving at the intersection 

on a red signal, stopped at this fine. 
Measured from the stop line, five succes
sive intervals of 100, 150, 200, 250 and 
250 f t . were established. The time re
quired for a vehicle to pass through each 
interval was recorded. The time delay, 
or "lag" between the change of the signal 
to green and the starting of the vehicle, 
was recorded separately and not included 

Figure 1. Enoscope 

as part of the time required to pass 
through the first interval. Observations 
were confined to the first vehicle to start 
after each signal change. 

Two observers were employed. The 
first was stationed closely enough to the 
startmg point to observe the change of 
signals, the instant of starting and the 
passage through the initial interval di
rectly. The second observer was located 
in the third interval and employed a 
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group of mirror devices ordinarily desig
nated by the term "Enoscope" to deter
mine the passage of the vehicles through 
the last four intervals. 

Figure 2. Time Recorder 

which could be attached a paper disc. 
The disc made one revolution in 60 
seconds. A spark gap was arranged so 
that upon pressing a button, a small hole 
was burned through the edge of the disc. 
B y the use of remote control, the ob
servers were able to cause the spark to 
burn a small hole at (a) the instant the 
signal changed, (b) the instant the vehicle 
started, and (c) the instant i t passed each 
station. A transparent template was 
then laid over the disc and the time, as 
represented by the space between each 
hole, was measured. A separate disc was 
used for each observation. 

To Ponlond MC LOUGHLIN U S 99 E To Ortgon City 

' ^ ' ^ ENOSCOPE 
OBSERVER OBSERVER 

ENOSCOPE 

Figure 3. Layout for Measuring Acceleration 

The "Enoscope" (Fig. 1) is an L-shaped 
box, mounted on a tripod, with a mirror 
installed at 45 degrees to both axes, thus 
changing the line of sight through 90 
degrees. An observer looking parallel to 
the highway into one end of the Enoscope 
is thus enabled to see the flash f rom the 
mirror as a vehicle passes the appara
tus. 

The time was recorded by an instru
ment specially built for this purpose 
(Fig. 2), consisting of an electric clock 
from which the hands and face were 
removed and a small collar substituted to 

Normal Deceleration 

To determine normal deceleration i t 
was considered advisable to choose a sec
tion where vehicles are decelerated to a 
stop f rom actual rural highway speeds. 
For this purpose, the intersection of N . 
Denver Avenue and N . Union Avenue 
was selected. A t this intersection 
(Fig. 4), north-bound traffic on N . Denver 
Avenue is required to stop before entering 
N . Union Avenue. 

Approaching the intersection, N. Den
ver Avenue is constructed on a high em
bankment with no intersecting roads. 
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residences or business houses for a dis
tance of approximately one and one-half 
miles The pavement is 30 ft wide 
between curbs, marked as a three-lane 
road; the grade is level and the ahgnment 
straight, thus affording a view of the stop 
sign for a considerable distance before the 
stop must be made A broad yellow Ime 
and a metal castmg m the pavement bear-
mg the word "stop" mark the pomt at 
which the stop should be made A 
standard stop sign on a post is erected a 
short distance m advance of the stop Ime 

The method of recordmg the decelera
tion was approximately the reverse of 
that used m recording the normal accel-

the high-gear curves between 20 and 35 
miles per hour, with an approximate 
straight-hne decrease to zero acceleration 
at the maximum speed of the vehicle 
Any differences m the maximum speeds 
of the vehicles were due to the differences 
in the characteristics and condition of 
repair of the vehicles used No attempt 
was made to determme the low-gear accel
eration because of the lag m the speed
ometer 

The free-wheelmg deceleration curves 
(Fig 6) vaned only shghtly, with the 
deceleration mcreasmg with the speed at 
a rate greater than the first power of the 
speed Forces tending to retard the 

1- 200 h 150 "f— rotf —|- 5tf-

US 99W avE — 1 STOP 

Figure 4. Layout for Measuring Deceleration 

eration Successive mtervals of 50, 100, 
150, 200 and 200 ft were measured back 
from the stop Ime The time required for 
a vehicle to pass through each mterval 
was observed by means of the Enoscopes 
and the tune-recordmg device Observa
tions of vehicles which were not brought 
to a complete stop were rejected 

RESULTS 

The high- and second-gear maximum 
acceleration characteristics, obtamed 
from the several cars used m the tests, 
were approximately similar in each case 
(Fig. 5). The second-gear acceleration 
curves approached a maximum at speeds 
between 15 and 25 miles per hour, and 

vehicle when decelerating m free-wheehng 
are (1) friction of the movmg parts, (2) 
tractive resistance of the roadway sur
face, and (3) air resistance which vanes 
approximately as the second power of the 
speed and directly as the frontal area 
Air resistance is the factor most respon
sible for the mcreased deceleration at the 
higher speeds 

High gear deceleration is affected by 
the same forces as affect the free-wheelmg 
deceleration, but with an additional fac
tor of fnction and pumping of the motor 
under closed throttle No extreme dif
ferences existed between the vehicles 
used 

I t IS very difficult to compute, from 
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Figure 5. Acceleration Curves 
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many observations of individual cases, 
values of deceleration or acceleration that 
would be representative of those -em
ployed by the average driver when stop-
pmg his vehicle or accelerating to normal 
dnvmg speed I t is believed that the 
method employed m this report is as near 
an approach as is possible 

The deceleration data will be con
sidered first In order to determme the 
speed at which each vehicle was travehng 
as it entered the test section (Fig 4), its 
speed through the first mterval of the 

between mtervals of the test section In 
Figure 7, speed and deceleration were 
plotted as ordmates against distance from 
the stop hne as abscissae 

The observations indicated that the 
vehicles travelmg at the higher speeds 
had been slightly decelerated before 
entermg the test section The decelera
tion curves show that the cars driven at 
the higher speeds start deceleratmg at a 
greater distance from the stop hne and 
use a higher rate of deceleration through
out the entire maneuver of stoppmg 
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Figure 7 Speed and Deceleration Curves for Vehicle Approaching a "STOP" Sign. 

test section was computed These data 
were then grouped mto speed mcrements 
of 10 miles per hour v iz , 20-30, 30-40, 
40-50, and 50-60, accordmg to the speed 
at the beginnmg of the test section 
Each of these groups was then treated 
separately. The average of the total 
time from the beginnmg of the test sec
tion was then computed for each observa
tion pomt These average values were 
then used to compute the speed through 
each mterval of the test section The 
decelerations were computed from these 
computed speeds and the elapsed time 

The limits of high-gear deceleration as 
determined from the test cars have been 
mdicated for the average of each speed 
increment Above these pomts decelera
tion must be accomphshed by the use of 
brakes In each group, maximum decel
eration occurred m the last few feet of the 
stoppmg maneuver, the greater rate bemg 
used by the higher speed drivers How
ever, only vehicles m the higher speed 
groups exceeded a rate of deceleration of 
eight miles per hour per second Indica
tions were that nme miles per hour per 
second might be considered the maximum 
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rate of deceleration that can be used 
without discomfort to the passengers I t 
I S noted that other observers have found 
that a deceleration rate of eleven miles 
per hour per second can be attained with
out discomfort This represents prob
ably the range of mmimum discomfort 

The deceleration time through the test 

lyzed in very much the same manner as 
the deceleration data The observations 
were grouped in 10-raile-per-hour incre
ments according to the speed in the last 
interval of the test section The aver
ages of the total elapsed time from the 
starting point were computed for each 
of the observation pomts and these values 
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Figure 8. Speed and Acceleration Curves for Vehicle Leaving a Traffic Signal 
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section, for the average speed of each 
speed mcrement group, is shown m Fig
ure 9, the total elapsed time required to 
travel through the test section to a stop 
bemg 12 9, 15 4, 17 5, and 21 6 sec for 
the speed mcrement groups of 50-60, 
40-50, 30-iO, and 20-30 mph respec
tively 

The normal acceleration data were ana-

used to compute the speed and accelera
tion curves In Figure 8, speed and 
acceleration have been plotted as ordi-
nates against distance from the starting 
point as abscissae 

I t was impossible, with the equipment 
available at the tune, to extend the test 
section for a sufficient distance to observe 
all vehicles travehng less than 30 miles 
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per hour or more than 40 miles per hour. 
Further, such observations as were made 
of vehicles traveling in the 20-30 and 
40-50 mph groups were close to the upper 
and lower limits, respectively This re
sults in a poor distribution in those 
groups 

The acceleration curves are quite sinu-
lar in shape to the deceleration curves 
except that the ordmate values are but 
half of the ordirtate values for the decel
eration curves The curves indicate that 
a high rate of acceleration is used for a 
short distance from the startmg point, 
decreasmg at a gradual rate after shiftmg 
mto high until constant speed is reached 
The drivers who eventually attamed the 
higher speeds used a greater rate of accel
eration throughout the maneuver and 
maintamed it over a greater distance 
Most drivers traveled only a short dis
tance m low gear, with the greater part 
of the acceleration occurrmg m second 
and high gear The shiftmg mto high 
gear occurs between 100 and 200 feet from 
the startmg pomt Drivers of cars m the 
lower speed groups, shift mto high gear 
sooner than those m the other groups 

The acceleration time through the test 
section for the average speed of each 
speed mcrement group is shown m Fig
ure 10 The average time required to 
traverse the test section was 20 5, 22 6, 
and 26 2 seconds for the speed mcrement 
groups of 40-50, 30-40, and 20-30 mph , 
respectively As mentioned before, the 
test section was not long enough for each 
speed group to reach a constant dnvmg 
speed, with the exception of those driving 
between 20 and 30 miles per hour The 
average speed for the latter group was 
27 8 miles per hour through the last part 
of the test section Those m the 40-50 
and 30-40 speed groups left the test sec
tion at average speeds of 41 5 and 34 0 
miles per hour, respectively, but attamed 
higher speeds than these after leavmg the 
test section 

The time mterval, from the mstant the 

traffic signal turns to the green until the 
operator has the vehicle in motion is a 
summation of (1) the perception and reac
tion time of the driver, (2) the mechanical 
lag in the vehicle's mechanism, and (3) 
m some mstances, the inattention time 
of the driver The perception and reac
tion time is that time which elapses from 
the instant the driver first sees the green 
signal until he starts the necessary move
ments to put his car in motion Psy
chologists have given the reaction time 
for visual stimulation as 0 15 to 0 20 
second, and as 0 12 to 0 16 second for 
audible stimulation ^ Apparently no in
formation I S available as to the time con
sumed by the mechanical lag of the 
vehicle, but, from the limited tests made 
by the authors of this report, it was found 
that the tune required normally to engage 
the clutch is approximately 0 5 sec , and 
approximately 0 5 sec additional to shift 
from neutral mto low gear Using 0 2 
sec , the upper Imut of visual reaction 
time, and addmg to it 0 5 sec for engagmg 
the clutch, results in 0 7 sec as the mmi-
mum time required to put the vehicle mto 
motion If it I S first necessary to shift 
mto gear, a minimum of 1 2 sec is 
required 

"Inattention" time of the driver is 
variable From observations of delay 
time at a traffic signal havmg only visual 
(hghts) mdication of signal change, and 
with amber following the green only, the 
following results were obtained 

Delay greater than 2 0 seconds 13% 
Delay 2 0 seconds or less 87% 
Delay 1 0 second or less 38% 
Starting early ("jumping") 12% 

Of these observations m the 13 per cent 
havmg a delay greater than 2 0 sec , a 
maximum of 8 2 sec was recorded The 
attention of the driver m this case was 
finally attracted by the blowmg of the 
horn of the vehicle behmd his Of these 

• "Greater Experiments in Psychology," by 
H E Garrett. 
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delays greater than 2 0 sec , the majonty 
were observed not to be watchmg the 
signals The anthmetical mean of all 
delays of less than 2 0 sec was 1 0 sec 
This value is withm the theoretical hmits 
of the minimum-delay tune when no mat-
tention time is included The arithmeti
cal mean of all delays was 1 3 sec 

As stated previously m the report, 
acceleration was computed only from the 
mstant the vehicle started to move and 

the foregomg discussion of delay tune 
need not be considered with reference 
thereto 

This study was conducted under the aus
pices of the Oregon State Highway Depart
ment, Mr R H Baldock, State Highway 
Engineer The field work and analysis of the 
data necessary for the compilation of this 
report were very ably performed by Mr Ken
neth M Klein and Mr. W J Brown of the 
Traffic Engineering Department, Oregon State 
Highway Department 




