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REFERENCE: Nordlin, E. F., Kubel, L. G., and Chow, W.,

"A High-Speed Profilograph", State of California, Department

of Public Works, Division of Highways, Materials and Research
Department, July, 1969. Project Work Order No. M & R 636338,

ABSTRACT: The results of research conducted by the California
Division of Highways on the development of a high-speed
profilograph is reported. A description of the equipment used
to measure road profile at high speeds between 50 and 65 mph

is described. The goal of this project was to obtain a profile
record of the road similar to the current records obtained by
the hand push and motorized low-speed profilograph. A rotary
potentiometer was used to measure the relative movements between
an automobile's wheel and its chassis. An accelerometer was
used on the automobile chassis in the proximity of the wheel
frame to measure the absolute displacement of the automobile
frame. The difference between these two movements was taken

to be a representation of the road profile. A good correlation
between current profile measurements and the high-speed measure-
ments were made on relatively smooth road surfaces. Because of
the slow response of the automobile wheel rapid differentials

in the road surface were not detectable by this equipment.

It is the conclusion of this research that in order
to detect pavement characteristics such as step-off it will be
necessary to obtain detection equipment with a higher frequency
response. Some form of contactless probe seems to be most
promising for high-speed profilograph recording.

KEY WORDS: Pavement surfaces, profiles, profilometers, pave=-
ment smoothness, testing equipment, instrumentation.
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I - INTRODUCTION AND BACKGROUND

Findings from Research Project M & R No. 61245-R
dated August 17, 1964, "A Report on Vehicle Response to Pavement',
were that a pavement ride-comfort index was difficult to attain.
.The outgrowth of the above research indicated that the relative
motion between the car wheel axle and the car chassis frame
presented a very good profile of the pavement surface. A new
project, '""Development of a High-Speed Profilograph', was sub-
mitted to the Bureau of Public Roads for their participation
in its development., Bureau of Public Roads participation
approval was given in April 1964,

Road profiles have been and are still being measured
by the hand push profilographs and a motorized profilograph.
The operations of these two types of profilographs are very slow
since the speeds are limited to a man walking for the push units
and 5 mph for the motorized unit.

Road profiles are unattainable with the present hand
gush or motorized units once a freeway is opened to heavy traffic
ecause of the traffic safety aspects. =

The method used to obtain road profiles at high-speed
was dependent upon recording the relative movements between the
car's chassis and its wheel in the form of an analog voltage.
Simultaneously, an accelerometer attached to the car's chassis,
near the wheel, recorded the absolute accelerations of the car
chassis in an analog voltage form. These acceleration signals
were then integrated twice to produce absolute chassis movements.
The difference between the chassis movements and the wheel move-
ments was considered to be the pavement profile.

I1 - CONCLUSIONS

The conclusions of this research are that this method
of high-speed profile measurements shows great promise in the .
rapid recording of pavement profile, especially on high-speed
roads where the low-speed profilograph presents a traffiec hazard.
Problems still exist in the measurement of rapid differentials of
pavement surface at these high speeds. The inability of this
device to measure rapid changes in pavement surfaces is due to
the relatively lowfrequency response of an automobile suspension.
An automobile suspension has the tendency to filter out the higher
frequencies of relative motion producing a somewhat integrated
picture of the pavement profile. Some preliminary investigations
of contactless probes which would have a higher frequency response
have been made. One of these probes is an eddy current sensor
which can measure the displacement between two metallic surfaces.
One obvious drawback of this system would be the necessity of
spraying a light metallic surface on the road prior to measure-
ment. A possible second approach to a contactless probe is the
measurement of the back pressure experienced on a nozzle in close
proximity to the road surface. The nozzle back pressure would be
proportional to the distance between the road surface and the nozzle.
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II1 - EQUIPMENT AND TEST PROCEDURES |

[y

Specifically, this project was:to develop-'a high-
speed profilograph which would alleviate the aforementioned
shortcomings of the present profilographs. ‘A successful high-
speed profilograph would enable the measuring and recording of
pavement irregularities and proflles, This information would
enable standards to be set for maximum allowable pavement
roughness -and irregularities for both new and in-use pavements.
Figure 1 is a drawing of the high-speed profilograph instru-
mentation setup in the car; Figure 2 is a lime diagram of the
instrumentation setup, and Figure 3 is a photograph of the
instruments. A description of the instruments (numbers keyed
to. the photograph) and their furictions in the hlgh-speed

- profilograph project follows:

-Hellpot 10- -turn. Rotary Potentlometer (1)

As the car travels along the hlghway pavement the
pavement profile induces a changing vertical distance between
the car chassis and its wheel. 1In this project the hypothesis
was made that the aforementioned changing distance is analogous
to the pavement profile. Therefore, a 10-turn rotary potenti-
ometer was used to sense this change in vertical distance. A
tension spring was attached to one end of a beaded chainj the
free end of the chain in turn attached, in a vertical position,
to the car wheel axle and the other end of the spring stretched
and attached to the chassis. A sprocket gear was installed oh
the potentiometer shaft and "mated" to the sprocket .chain; as
the sprocket chain moved up' and down because of the changing
distance between the car chassis and its wheel axle, it caused
the sprocket wheel to rotate and which in turn rotated the
potentiometer. Thus, the chassis-axle relative motions rotated
the potentlometer 1n a manner analogous to the pavement profile
traversed :

Statham,i,ZG Accelerometer Model A5a (2)

The aforementloned hypothesrs was made that the up
and down wheel motion was analogous to pavement profile. It was
assumed that the traveling car chassis would provide a steady
elevation platform from which to reference the vertical wheel
motions. This proved to be a false assumption in actual tests.
The car chassis undulations created a non-steady elevation ref-
erence platform so that the vertlcal wheel motlons could not be
referenced to it. . :

: Therefore 'a Statham 2G accelerometer was mounted on
- the car chassis dlrectly over the potenticmeter-chain system.
This accelerometer sensed the chassis undulations as varying
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accelerations. The varying chassis accelerations were:
electrically double integrated by an eléctronic system which
produced an electrical signal equal to the chassis vertical
motions. Subtraction of the chassis vertical motions from
the chassis-wheel distance, measured by the potentiometer,

. provided the resulting wheel axle motions which is the road

profile. : : e
Video D.C. Amplifier (3)

The Video D.C. amplifier was used to amplify the
Statham accelerometer signals to a level suitable for record-
ing on the Pemco analog magnetic tape system,

Pemco PMR-500 Magnétic Tape Recorder (4)

The Helipot potentiometer signals and the Statham
accelerometer signals were recorded on the PMR-500 analog
magnetic tape recorder. The tape recorder is a &-track
machine. The Statham accelerometer and the Helipot poten-
tiometer signals each occupied one track.

The third track was used to record "events'" along
the pavement by a hand operated switch. Because of the
simplicity of the "event" marker, it is not shown in any of
the figures. : :

The fourth track was used to record the pulses.
coming from the Electro Products proximity pickup. The pick- .
up is not shown in the photograph but is shown in the drawings.
A drive cable "T" was installed in the odometer outlet so that
two drive cables were attached to it. The "extra' cable
attached to one of the dual outlets was used to turn the
4-toothed gear. The proximity pickup sensed each of the teeth.
as it rotated past the pickup and the pulses resulting from
the teeth passing the pickup were recorded on the magnetic
tape's fourth track. These pulses represented distances
traveled along the pavement.

In essence, this was the major instrumentation installed
in the car for recording pavement profile and in the manner shown
in Figure 1. Pavement profile magnetic tape recordings from the
field tests were brought into the laboratory for subsequent
analysis.

The following, keyed to the photograph, describes the
laboratory in-house instruments used for the play-back analysis:

Pemco PMR-500 Magnetic Tape Recorder (4)

The Pemco was used in a dual function - to record pave-
ment profiles in the car and to play-it-back in the laboratory
for visual analysis.
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Allied Audio Amplifier (5)

The proximity pulses, or one track of the Peméo
recorder, were amplified by the Allied amplifier to provide

- adequate signal level to drive the Servo-Drive system.

Servo-Drive System (6)

The amplified proximity pulses were used to drive
the stepping motor in the servo-drive system. The stepping
motor in turn drove a Selysn which produced chart run-out .
in the Visicorder equal to 1" of chart paper equal to 25' of
pavement traversed. This produced a chart run-~out directly
proportional to pavement traversed and independent of car
speed.

Krohn-Hite Electronic Filter (7)

The accelerometer sigﬁais were filtered by the Krohn-
Hite filter so that any questionable frequency component way be
eliminated. ' '

Honeywell Visicorder Oscillograph (8)

The oscillograph is a light-beam galvanometer
oscillographic system wherein the pavement profile signal
drives the galvanometer's mirror producing a swinging light
spot, analogous to the pavement profile, on a photo-sensitive
chart paper, for visual inspection.

All of the above described instruments were commer-
cially available on the market. The only exception was the
chart servo-drive system (Item #6 in the photograph). Commer-
cially available chart drive system drives the chart paper out
at a constant chart speed. The project needed a paper chart
drive discharging paper in a proportional length to the pavement
traversed and completely independent of time. The laboratory-
bullt servo-drive system worked admirably for this purpose. The
chart length (1" chart paper equals 25' of pavement traversed)
was chosen to be identical, for ease of comparison, with the
California Division of Highways low-speed profilograph. The
servo-drive system funictioned admirably by discharging the correct
ratio of chart paper to pavement traversed at all different car
speeds.

Project History and Findings

A 1960 Ford Ranchwagon was instrumented in September
1964 in the manner shown in Figure 1 but without the accelerometer.
It was believed that the up and down motion of the car wheel axle
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relative to the car chassis would be analogous to the pavement
profile. As previously explained in (1) above, - the rotary
potentiometer sensed these chassis-wheel motions. However,

the chassis low frequency undulations and chassis bounce from
pavement bumps contributed to the chassis-wheel relative motions.
In addition, asphalt pavements with long wave lengths would set
the car chassis into a slow oscillation. The above findings
were the reason why the potentiometer, attached between the
chassis and axle, did not produce a true road profile. The up
and down motions of the car chassiscreated a non-constant
elevation platform. Since a true road profile was contingent -
upon the vertical measurements referenced to a constant elevation
platform, the measurements from the varying elevation car chassis
gave an erroneous road profile.

In an effort to artifically create a non-varying
elevation platform, the Statham 2G accelerometer was attached
to the car chassis directly over the potentiometer system. The
accelerometer sensed the accelerations resulting from the up
and down motions of the car chassis. Recalling from basic
physics that double integration of acceleration produces the
resultant displacement, this physics principle was utilized
to obtain an artificial stable platform. Therefore, the chassis
accelerations recorded on the Pemco magnetic tape were double
integrated in the laboratory to produce an electrical signal
analogous to the up and down motions of the car chassis. The
car motions were inverted (mathematical sign reversal for sub-
traction) and then combined (summation junction) with the poten-
tiometer signal. The resultant signal was filtered by a Krohn-
Hite filter to remove any high frequency extraneous signals such
chassis or wheel shake. The final signal (shown on Figure 2)
was reproduced on the Visicorder for visual observation and is
the pavement profile.

By using various active band pass filters to filter
out extraneous higher frequencies, the high-speed profilograph
record, over the same stretch of pavement, very nearly matched
the California low-speed profilograph record. However, the
high-speed profilograph method could not pick up pavement faults
or "step offs' across bridge or pavement joints. This turned
out to be an inherent characteristic of a wheel rolling over a
"step off'" in which the wheel senses it as a rounded bump.
Nevertheless, the method was quite successful as a high-speed
profilograph except for the '"step off" problem.

During this period General Motors was conducting a
parallel development of a high-speed profilograph along similar
principles and appeared to be ready to market it. The General
Motors unit had the same drawback, i.e., not being able to record
pavement "'step offs'. Therefore, laboratory efforts were
redirected towards the development of a contactless probe to be
incorporated into a high-speed profilograph. The efforts were
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limited to a literature and product research and a feasi-
bility study only. The literature and product research
revealed two approaches that may be feasible in sensing pave-
ment profiles with contactless probes.

Kaman Nuclear Company of Colorado Springs, Colorado,
manufactures an eddy current sensor which measures displace-
ment between the transducer and an adjacent metallic surface.
Since the system requires no mechanical connection {(contact-
less) to the sensed metal object, it will make very high
frequency response measurements and therefore it should be
able to sense pavement step offs. The questionable drawback
is that the sensed surface must be a metallic one so that
eddy currents may be induced into it. In talking to Kaman
Nuclear it was concluded that a metallic paint or liquid
sprayed ahead of the sensing probe may provide an adequate
eddy current conduction surface. However, this was not
tried because of the "limited to a literature and product
research' phase of this project.

The second approach which may produce a feasible
contactless probe is based upon the principle of measuring
the air pressure in a small nozzle as pressurized air is
discharged from it. The air nozzle would be pointed directly
at the pavement surface, perhaps within 1" and as the pavement
changed in profile a pressure transducer would sense the
changing air pressure being discharged by the nozzle. The
changing nozzle discharge pressure would be analogous to the
changing pavement profile. No actual work has been performed
to determine the feasibility of this approach because of the
aforementioned limited phase of this project.



http://www.fastio.com/

'Figure 1

NOOVMHONYY QHO4 096l

\ Mwwwﬂw_mw.o. AU dnyaid Alwixolg
1036 uwfoo.:\. Sjonpoid o04)3313

Jajawolpualog

1odiiaH o
uiny of 215802 192 JBylduy
1918UWI0J2[920Y 92 WOYDIS 5( 09pIA

. daploaay
ado)] ayaubop
00S HNd odwag

“3IXV T133HM  SLI ONV SISSVHD
HVD 3JHL N3IIMLIE SNOILOW TIWOILHIA VILNINI441d IHL NOdN a3sve
S3711408d LNIWIAVA 40 SONIGYOIIH SNOOOTYNY IHL MO4 NOILVLNINNELSNI

HdVY90T1408d LNIW3AYd Q33dS~HOIH

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Figure 2

W3LSAS S3SNd ALIWIXO¥d ¥313W0Q0

IAINQ-0AY3S
‘03SHIAVYEL LNIWIAAVL 40 . YN9IS
G2 HOV3 ¥O0J ,| H3dVd LYVHO
3AINA $3S7INd 0AN3S ¥3LIWOILNIL0d
NOILONNP
| J NOILYWWNS
HdVY90T110S0 Sovd
906 TICON |eg MO ss 005
H3QYODISIA TYN9IS | ZH Ol [ HWd
HdVN901140Hd 'y IVNOIS
INIWIAV » ¥ILINONTTIOOV
HILYIANI
3114044 | y3imd NOLYHOILNI
ININIAYd 032nA0H43IY JINOY10373 JGVIHVA 3719N03 d4304023y
gee 300N 34Vl JILINOVW
31IH-NHOYM 006G -4Nd 0JW3d

‘p18i} ayy} ui pauojqo sbuipiooas adoy
sioubow ay} woay A1o0}piogn| 3y} ul sajijord juawaapd
Bbutonpoidas s0) pasn spuawniisul Yongho|d

HdVY9011408d LN3IWIAVd d33dS-HOIH

www fastio.com

ChhPDF -


http://www.fastio.com/

Figure 3

Hdvd90T171080
H3QUODISIA

W3LSAS . 4314
JAIYA~-0AHN3S 31IH~NHOYM

®

. H3IdINdAY 43NV

HdV49011404d 033d4S-HOIH
04 SLNIWNYLSNI

¥3040034 3dvl
Q05-diNd OOW3d

H313W0Y31320V
92 WVHILVLS

H3141TdINY "0 ¢
0301A

d31LINOILNILC
1GdiTaH

www . fastio.com

ClibhPDF -


http://www.fastio.com/



http://www.fastio.com/

ClihPDF - www .fastio.com


http://www.fastio.com/

ClibPD

A3 AI3OIY

www . fastio.com


http://www.fastio.com/

	E:\images\000009\00000909.tif
	image 1 of 22
	image 2 of 22
	image 3 of 22
	image 4 of 22
	image 5 of 22
	image 6 of 22
	image 7 of 22
	image 8 of 22
	image 9 of 22
	image 10 of 22
	image 11 of 22
	image 12 of 22
	image 13 of 22
	image 14 of 22
	image 15 of 22
	image 16 of 22
	image 17 of 22
	image 18 of 22
	image 19 of 22
	image 20 of 22
	image 21 of 22
	image 22 of 22




