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Approximate Conversions to Metric Measures

Symbol When You Know Multiply by
LENGTH
in inches *25
ft feet 30
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mi miles 1.6
AREA
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MASS (weight)
oz ounces 28
b pounds 0.45
short tons 0.9
(2000 Ib)
VOLUME
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gal gallons 3.8
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vd:" cubic yards 0.76
TEMPERATURE (exact)
°F Fahrenheit 5/9 (atter
temperature subtracting
32)
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centimeters
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meters
kilometers
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square meters
square kilometers
hectares

grams
kilograms
tonnes
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millifiters
millifiters
liters

liters

liters
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cubic meters
cubic meters

Celsius
temperature

Symbol

cm
cm

km

3 3
w W

"1 = 2.54 (exactlyl.
Units of Weights and Me:

o

For other exact conversiyns and more detan)»d tables, see N8BS Aisc. Publ. 280,

s, Price $2

$D Catatoyg No. C13.10°285.
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mi
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When You Know

Multiply by

LENGTH

millimeters
centimeters
meters
meters
kilometers

AREA

square centimeters
square meters
square kilometers
hectares (10,000 mzl

MASS (weight)

0.16
1.2

2.5

grams
kilograms
tonnes {1000 kg!}

0.035
2.2
11

VOLUME

milliliters
liters

liters

liters

cubic meters
Ccubic meters

TEMPERATURE (exact)

0.03
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1.06
0.26
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1.3

Celsius
temperature

9/5 (then
add 32)
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Implementation

This research project was designed to improve and/or develop
equipment necessary to obtain an inventory of pavement performance.
There were four items selected as a measure of pavement performance:

. Pavement Roughness
. Skid Resistance

. Pavement Deflection
. Pavement Distress

MW R

This report is concerned with the equipment for obtaining pave-
ment roughness measurements. Based on the research and devleopment
efforts explained in this report, six trailers were fabricated for
use in the performance inventory. The trailer units contain the
counter instrumentation. 1In addition, one trailer with counter will
be maintained with the Research Section and two counter packages were
fabricated for use in automobile-housed Mays Ride Meter units (one of
these is the Texas Transportation Institute Unit). There are four
Mays Ride Meter units housed in automobiles without counters. The
location and service to other Districts, which was developed by the
Maintenance Operations Division, is as follows:

MRM TRAILER
WILL BE PLACED ' WILL PROVIDE MEASUREMENT
IN SERVICE TO
DISTRICTS DISTRICTS
2 - Fort Worth 9 & 23
5 - Lubbock 4 & 25
7 - San Angelo 6,8 & 22
12 - Houston 17 & 20
15 - San Antonio 13 & 16
18 - Dallas 1& 10
D-10 Research 14

MEM VEHICLES ARE
IN THE FOLLOWING
DISTRICTS

3
11
19
21 - (Counter Package)
24
TTI - (Counter Package)

ix



SUMMARY

This report gives a comprehensive account of the use of the ‘Mays
Ride Meter (MRM)/Counter/Interface System. The components of the
system are:

.1, Mays Ride Meter
2. Distance Measuring Instrument (DMI)
3. Car Wheel With 8 Attached Magnets and
a Transducer
4. The Accumulative Counter
5. Two Alternating Counters
6. Interface Board

The system is designed to collect road roughness data in. two different
forms:

1. The average serviceability Index (SI) over a
given length of highway surface.

2, The SI for each 0.2 mile segment of surface over
a given length.

The manual gives a description of each of the equipment components as
well as directions for their proper use.

Calibration of the MRM readings with SI values is described, and in-
structions for making control runs are presented. Examples of all
necessary work sheets and charts are given showing their proper use,
Finally, a discussion of the MRM data processing and reporting proce~ .
dures is presented, again, amply illustrated for proper use of the
code sheets.




BACKGROUND

Research studies concerned with pavement roughness have been
conducted in this state for several years. Recently, it was
decided to select equipment and develop operation procedures
to obtain periodic pavement roughness measurements. Two types
of roughness measuring equipment were selected. One was the
Surface Dynamic Profilometer (SDP) which is similar to the
General Motors Profilometer. The SDP was fabricated and pur-
chased from the K. J., Law Company and contains rather sophis-
ticated electronic equipment.

The second type of roughness equipment was the Mays Ride Meter
(MRM) . The MRM was designed by Ivan K. Mays in 1967 and is
fabricated and sold by the Rainhart Company. This report will

describe an electronic counter system that was added versatiltiy.

The counter system was shop fabricated by the Research Section
of the Transportation Planning Division.

The Serviceability Index (SI) value has been selected as the
basis of reporting roughness numbers. The SI concept was
originally developed at the AASHO Road Test and consists of a
number varying from O to 5 with O being very rough and 5 very
smooth. The SI values used in Texas were developed from the
results of several road rating teams. That is, in a research
project, a group of teams consisting of people of various pro-~
fessions rated several highway sections from 0 to 5. The SDP
was tested on the same sections and a correlation between the
ratings and SDP established. In this manner the SDP was cor-
related to the rating teams and the MRM is correlated to the
SDP. Each MRM reports an SI value similar to that which would
have been reported by a rating team.



II.

MRM VARIABILITY STUDIES

It is possible that vehicular components could cause variation in
roughness values. For this reason an experiment was performed
in which the following variables were studied:

1., Weight (Two Levels)

The two weights used were 200 pounds and 550 pounds.
These weights were added to the vehicle and the 200
pound weight was the driver. The 550 pound weight
was composed of a 200 pound driver, a 170 passenger
and a dead weight of 180 pounds placed in the vehicle
trunk.

2. Speed (Three Levels)

Three speeds, 20 mph, 40 mph and 60 mph, were used.
3. Tire Pressure (Two Levels)

The two tire pressures used were 20 psi and 35 psi.

The MRM was housed in a 1968 Ford Sedan. Sections composing
three roughness levels were selected and these can only be
described as rough, medium rough and smooth. These sections
were selected based on previous tests at 50 mph.

The results of the tests may be found in Table I. The results .
have also been plotted in Figure 1. The values are in terms

of scaled values and have not been converted to S.I. The vari-
ation or range in repeat tests have been shown in Figure 1 in
the form of a vertical bar to the left and right of each plot.
The left side shows the range in the 20 mph values and the right
the range in the 60 mph values. The significance of the varia-
tion of the variable studied may be compared to the vertical

bar or repeatability range.

For example, in Table I the repeatability range of the values of
the rough section, heavy weight, low tire pressure at 20 mph is
0.3 (or 5.3 less 5.0). The variation or change in MRM values

due to a speed change from 20 mph to 60 mph for the rough section,
heavy weight, low tire pressure is 1.75 (or 6.9 - 5.15). The
variation or change in MRM values due to a speed change (1.75)
from 20 mph to 60 mph is significant when compared to the re-
peatability range (0.3). A visual display of the example may be
found in the upper left plot of Figure 1 (observe the plot marked
low tire pressure).

Using the example and observing Figure 1 the following may be
stated in terms of significance compared to the repeatability
range:

1. Difference between sections is significant (the unit
can determine difference in roughness)

2
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(7472 JK Flip-Flop) which causes IC-9 to change
states.

These two outputs from IC-9 are used to control IC-8 which in

turn controls the MRM count going to the alternating counters.

These two outputs are also used to trigger the two one-shot multi-
vibrators IC-10 and IC-12., These two one-shot vibrators are tied
directly to the reset circuit of each respective alternating counter,
through another control gate, IC-11. These five circuits IC-9, 10,
11, 12 & 8 allow the operation of the reset and hold circuits auto-
matically, in the right order, so that the following sequence of

the counters may be obtained:

1. With counter #1 in the count mode, counter #2 is in the
hold mode.

2. When a trigger pulse is applied to IC-9, #2 is immedi-
ately reset and placed in the count mode, while #1 is
simultaneously placed in the hold mode.

3. On the next trigger pulse the counters will reverse
states. This allows one counter to be held and record
while the second is counting.

NOTE: The accumulative counter is not affected by
these events, but continues to count until it receives
a command from one of the manual controls.

4. As noted in the operating portion of the manual, when
a reset command is initiated via the manual reset con-
trol, all counters immediately reset including the DMI.
Likewise, when a command from the hold control is ini-
tiated all counters go into a hold condition.

IC-8 is a 7400 Quad 2-Input NAND Gate. IC-10 and IC-

12 are 74121 One~Shot Multi-Vibrators. These circuits
work through a resistance - capacitance timing network
(RC) comprised of the 5 micro-farad capacitor and the 22K
resistor as shown on the schematic diagram (see Figure
14). This RC network produces a short duration pulse
which resets the alternating counter(s) via the IC-11
NAND gates. There are separate controls for each of the
alternating counters. IC-10 is used for one alternating
counter and IC-12 is used for the other alternating coun-—
ter, IC-11 permits automatic or manual reseting of the
alternating counters.

Following the MRM signal in Figure 14, the signal is
applied to Pin 2 or IC-7. 1IC-7 translates the signal

from 12 Volt logic to 5 Volt logic appearing on Pin 3.
From Pin 3 on IC-7 applied to Pin 13 and 10 on IC-8

(NAND gate)., This signal is also applied to Pin 12 of
IC-4 which is the control gate for the accumulative count.
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unit is operating in the calibration mode with switch
51 set at 0.05 mile, the tone would be heard every
0.05 mile.

Digital Counters

The MRM digital counters used with the interface board previously
described are TTL digital decade counters. They use seven segment
displays, which have high visibility and long life. As shown in
Figures 17 through 21, the MRM count signal is fed through the inter-
face board to the first 7490 decade counter, which counts up to 10
and delivers a count of one to the next counter which counts up to

10 and delivers a count of one to the next counter, etc,

The decade counters have a BCD (Binary Coded Digit) output which

is applied to the 7447 integrated circuits which in turn decode
this BCD count, and drive the seven segment displays. A reset line
is connected to each individual counter, so that it may be reset

at the correct time.

The 7400 integrated circuits on the accumulative counter are control
gates which allow additional features to be added at a later date.

The 7447 integrated circuits shown in Figures 17
through 21 are called '"BCD to Seven Segment Decader
Drivers." These circuits take the binary coded digit
which is an output of each 7490 and decodes or changes
the output to a 7 segment code which is applied to

the proper segment of each readout., This causes the
segments to "light up" showing a digital number.

The reset line is tied directly to the reset line on
the interface board. The number 1 counter uses Pin

L. and the number 2 count= uses Pin M. WNote the lines
are controlled autome _cally or manually (through the
reset button on the Lill.)

Appendix C offers a cost and parts list for the counter system,
The costs were developed October, 1976.

Figure 22 shows the interconnection wiring proposed for use.
Figure 23 indicates the MRM modifications for DMI use. Figure
24 shows the rear view of the assembled counter and the wiring
from the MRM. Figure 25 shows the MRM and counter unit mounted
in the front seat of the two vehicle,
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FIGURE I8 —POSITIONAL SCHEMATIC OF THE ACCUMULATIVE COUNTER
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FIGURE 20—POSITIONAL SCHEMATIC OF THE ALTERNATING COUNTERS
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FIGURE 22 —INTERCONNECTING WIRING
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FIGURE 23
MRM MODIFICATIONS FOR DMI USE
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FIGURE 24 - REAR VIEW OF MRM COUNTER

FIGURE 25 - MRM AND COUNTER MOUNTED IN TOW VEHICLE
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VI

DATA PROCESSING AND REPORTING

The Maintenance Operations Division and Highway Design Division

of the State Department of Highways and Public Transportation

have been interested in the equipment to obtain a roughness in-
ventory. The data collected, processing and reporting has been
patterned for the needs of these divisions. At the present time,
the roughness inventory work will basically be performed by main-
tenance personnel in conjunction with the maintenance rating data
collection procedures.(3g In the present version of the maint-
enance rating work, condition ratings are performed on small seg-
ments and are hereafter referred to as Pavement Performance Section
(PPS). The average SI for the PPS is needed as a part of the con-
dition rating. The Accumulative Counter and the total section
should be used for this purpose. As an additional part of the main-
tenance rating work, it has been suggested that SI values be reported
for each 0.2 mile length within the PPS.

The SI for each 0.2 mile would be used by maintenance personnel
to determine areas within the PPS which should be maintained. The
alternating counters should be used for this information.

The Highway Design Division is interested in obtaining SI values

for use in the Flexible and Rigid Pavement Design Systems and as

a history of the roughness values for future pavement design im-
provements. For this reason a program has been developed by which
the information may be stored as it is received from the maintenance
rating work. The stored information may also be of interest to
maintenance personnel as a means of predicting future maintenance
needs in order that budgets may be developed in advance.

As a result of the above information, code sheets were developed as
shown in Figures 26 through 29. A description of the card formats
follows:

Card No. 1

Columns 1 through 5 - Are Self Explanatory
(District No. — Right Justified)

Columns 6 through 12 - Pavement Performance Section Number,
Same as CSN used in Skid Inventory
(Right Justified)

Columns 13 through 16 - District Security Identifier, Same
as used in Skid Inventory for Dist-
rict in which data is being collected.

Columns 17 through 23 — Calibration value shown as "ALPHA" on

the most recent calibration chart for
the MRM unit used.,
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Columns 24 through 30

Columns 31 through 35

Columns 36 through 40

Column 41

Columns 42 through 56

Calibration value shown as "BETA"
on the most recent calibration chart
for the MRM unit used.

Length of test section to be taken
from the DMI readout at the end of the

- section.

Total counter reading to be taken from
the 5 digit accumulative counter "at
the end of the section". (Right Justi-
fied)

Lane using the designation as used on
the Maintenance Rating Forms.

Are self explanatory

Card No. 2 (See NOTE at bottom of Page)

NOTE:

Columns 1 through 19

Columns 20 through 43

Are self explanatory

(County No. - Right Justified)
(Control No. - Right Justified)
(Section No. = Right Justified)

General description of beginning point
of the section.

It is not necessary to use Card No. 2 if Card No. 1 is completely
filled in. The information on Card No. 2 will be retrieved from

the Skid Inventory File,
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Columns 44 through 48 - Milepoint at the beginning of the
section, obtained from the RI logs.

Columns 49 through 72 ~ General description of ending point
, of the section

Columns 73 through 77 ~ Milepoint at the end of the section,
‘ obtained from the RI logs.

Card Numbers Greater Than 2
Columns l’through 3 ~ Self Explanatroy

Columns 4 through 7 - Counter readings to be taken from
3-digit counters (numbered 1 & 2)
that alternate at the end of each
0.2 mile, or inches of chart paper
measured from the chart paper in the
MRM unit. (See NOTE at Bottom of Page)

Columns 8 and 9 ~ Velocity to be taken from vehicle
speedometer.

Columns 10 through 37 - Remarks or observations for any 0.2
mile segment should be recorded here.

NOTE:
MRM readings can be either counter values or inches of chart paper

but not a combination of the two within any one test section, because
the ALPHA and BETA's are different for each.
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It is postulated that only one code sheet will be mneeded for any
PPS; however, the additional code sheets shown in Figures 15 and
17 may be used for longer sections.

Data may be key-punched in the district, processed through the
computer terminal and the results returned over the terminal. The
Division of Automation (D-19) will have available and will forward
information concerning card input and data processing at the ter-
minals.

An example of a complete code sheet and the output of the processed
data are shown in Figures 30 through 38. While studying Figure 32,
note that the low, average and high SI is reported at the bottom of
the page or below the 0.2 mile information. The low, average and
high SI values result from calculations of each individual 0.2 mile
segment.

The computer program which processes the data basically reads the
data and then prints it; however, the SI values are calculated from
the MRM counter values or from the inches of chart paper. The MRM
values may be either counter or inches of chart paper, but nct a
combination of the two. The calibration values (ALPHA and BETA)
used with the counter are different from the values used with the
chart paper. The calculations within the program are based on the
correlation equation mentioned in the MRM Calibration chapter and
depend largely on "ALPHA" and "BETA'" which are constants in the
equation. The computer program contains a feature which extracts
the following items for each test section and maintains the items
on storage for automated recall in later use:

1. District No.

County No.

Control-Section

Beginning Mile Point

Ending Mile Point
Highway Type and No.
PPSN

Lane

O ® ~N & &~ W N

Date of Test

=
o
L]

Lowest SI in Test Section

=
=

Average SI in Test Section
12. Highest SI in Test Section
13. Date Stored on Tape

14, Length of Test Section

45
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MRM DATA CODE SHEET

SECURITY

CARC NO. OISTRICT PFSN IDENTIFIER ALPHA ) BETA
0 = Zero @ = Alpha O
olofl 2|3 565653 5148432 _ | = One I = Alpha I
T3 a5 A ENEN IR NG 7] 78] 1o | 20|21 |22 23 74|25 26] 2712829 30 : 2 = Two Z = Alpha Z
TOTAL LENGTH TOTAL COUNTER
OF TEST SECTION READING LANE . MONTH DAY YEAR MRM EQUIPT. NO.
— PPSN- Same as CSN used in Skid inventory
3¢ ( L E Lo 8 217 ’|7 S 29— 9J8\L6 ridm jI (Right Justified ).
i 2133 (34|35 36 |37 [ 3 39 | 40 41 42 | 43 44 | 45 4€ | 47 49 |49 [ 80§ 5] [ 52 |53 |54 |55 ]| 5€6 | X -
2 : : SECURITY IDENTIFIER- Same as used in
Skid Inventory for District.
CARG NG COUNTY NO WGHWAY CONTROL SECTION ALPHA & BETA - Calibration Values shown

on most recent calibration chart for

lo]o]2 42 4ds|l—6lo 9999 217 _ . the MRM unit used.

t[2]3] al51]6 7 le e frweiit]izf3 9] 15 1617 i8]19
FROM : .ﬁE‘é"‘S‘éﬁ‘ﬁT LANE - Has same designation as on the
I Maintenance Rating Form
SIPR|zng|Flz[ElLID] [RlolalD 295 71
V2012 (22 {23 (24 25[26 27 128 |28 130 (13 |32 (133 3435136137138 139 ][4D}4a) |42 ]43 44 | 45 ] 46 | 47 | 48
" i t %‘
Clalplrleir]s| lcRlElElk o
{4950 ? 5 53 55 56 | 57 ng 60|61 [62[63]€e4[65 66167 16B[69]70]71 ]72 7! 3 75 736 Z X @ @ @ @ ® @ . . @
Face in direction of increasing mile post.
CARD NO. MRM READING VELOCITY REMARKS r
1 It is not necessary to use Card No.
0|03 F 5.2 50 X | 002, if Card No.0Ol is completely
olola l 39 ) filted in.
o0 } 5 - 3 9 (
5 —1 ( MRM READING - Can be either
e 6 L] i _i Counter or inches of chart
olol7 ‘ ’ J paper. But it can"not”" be a
i 8 combination of the iwo beccuse
olo|s 3lo | Bl the ALPHA & BETA are
different for each. ¢
ools] [ e
ol lo L 22
] § .l
opll L2l do | WEAv]Y| [TIR|A FFIIC
ozl |06 ldo |
¢ .
of! H\ l 3, 4o
ofijal | 5 <
o L_Jﬁ R ERTEES I‘a 5 | 2 [13f a5 16 17) 78119120 27 (22 |23 124252627 (26 (29|30 |3t 352 133(34 13536137

FORM 1382-1 9/75 I_- CONTINth FIGURE 30 SHEET IOF_Z

EXAMPLE OF A COMPLETED MRM DATA CODE SHEET - SCALED
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MRM DATA CODE SHEET

EXAMPLE OF COMPLETED MRM DATA CODE SHEET - SCALED

TARD NO. MRM READING VELOCITY REMARKS -
ol1]5 119

oI |6 .l

ol1]7 2.0

ol |8 '

ofife 4.3

olzlo 4l

e|2(1) ']

ol2]2 3Ji¢

ol2|3 8

0|24 38

o{2|5 0.5

ol2|6

olz2]7

o|2]|8 »

ol2(9

ol3|o

031 |
ol|3|2 f
0|33

0|34

01315

0|36 ‘

‘;v
o|3|7 !
0|38 i i

1 £

ol3|9 F ,
. =Tt

L
ol4]l
ol4|2
0|43 ] i
[] 2 3 4 6 7 8 9 10 ] HI 12| 1311815617 i18fi19]20{21 22123 24__2§T26 27 ZS{ZQLEC 37;321‘55 34 3‘3 ’ il
FORM 1392-2 9/75
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STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION PAGE 1

SERVICEABILITY INDEX (SI) COMPUTED FROM THE MAYS RIDE METER

THIS PROGRAM WAS RUN - 10-01-75
s e e ok 0l e o o o ik g sl ok o ot o a8 ok ok ke o ke o ok ok ok ko o ok sk ook ek ok ke ok ok o o o e e 3ok ke ke ke e ok o ke ok ok o ok ok ok o ok ok ok ok o ok ok ok K

L]

PROJECT IDENTIFICATION

DIST CCUNTY HIGHWAY CONT-SEC BMP EMp PPSN LANE DATE
23 CCLEMAN usS-60 9999-717 9.571 14.037 0 R 08~-27-75
CALIBRATICN CONSTANTS TOTAL LENGTH TOTAL COUNTER MRM
ALPHA BETA FOR SECTIGN FOR SECTION NUMBER
5.65653 5.48432 4.466 0. 29—S986T7-A

% %ok ***********************#***#**#******#************************#******************

LOCATION INFGRMATICN

FROM — SPRINGFIELD RQAD
TC - COPPERS CREEK :
sk e ke ot e el o ot ok e e e ek ok ok ok ok sk ok ek o b ol ok ok ol s sk ok ok ol ol ke oo et kol s ko ok el o kKoK ok ok ok

MAYS RIDE METER DATA

MAYS METER
LOCATION  (READING/0.2 MI) SI  SPEED REMARKS

BMP TO 0.2 5.3 2.5 50
0.4 3.7 3.2 50
0.6 3.9 3.1 50
0.8 4.3 2.9 50
1.0 2.8 3.6 50
1.2 3.0 3.5 50
lo4 1.8 4.2 50
1.6 2.2 3.9 50
1.8 1.2 4.5 40 HEAVY TRAFFIC - .
2.0 1.6 4.3 40
2.2 2.8 3.1 40
2.4 3.2 3.4 50 .
2.¢€ 1.9 4.1 50
2.8 1.1 4.6 50
2,0 2.8 3.6 50
1,2 5.1 2.6 50
3.4 4.3 2.9 50
3.6 4.1 3.0 50
3.8 3.0 3.5 50
440 3.4 3.3 50
4.2 2.8 3.6 50
4ot 3.8 3.1 50
44466 0.5 4.3 50

»%%x OW ST = 2,5 AVERAGE SI = 3,5 HIGH SI = 4.6%%x%

Figure 32 - Example of Processed Data
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- DIST COUNTY HIGHWAY CONT-SEC BMP EMP PPSN LANE DATE

23 COLENMAN Us-¢60 9999-77 9.571 14.037 0 R 08-27-75
SERVICEABILIY INDEX
0 0 1 1 2 2 3 3 4 4 5
0 5 0 5 0 5 0 5 0 5 0
R . X
. X
. X
. X
H . X
S . X
T . X
A . X
N C2» X
c . X
E [ X
% . X
- * . X
M C3. X
1 . X
- L . X
E . X
S . X
Cae. X
. X
. X

Figure 33 - Plot of Processed Data - Scaled
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MRM DATA CODE SHEET

SECURITY
CARD NO DISTRICT PPSN IDENTIFIER ALPHA BETA .
) — O = Zero @ = Alpha O
[o]o]1] of [[] 1| [xhio 1o0l2[2le|s|2 olo/dlo \Zone | I:Abhal
I 713 75 [ [7{e[s]wo ]2 3[ 141516 17] 18198 |20 21 [22] 23| 24125 76| 2728 | 29| 30 2 = Two Z = Alpha Z
TOTAL LENGTH TOTAL COUNTER
OF TEST SECTION READING LANE MONTH DAY YEAR MRM EQUIPT NO.
PPSN - Same as CSN used in Skid Inventory
1.4,3 291 (L] [0l [2s] [7ls| [2lo]-lgl7le!s—|A Fogm s
3132 [33]3a]35 36 |37 [ 38 [39 [ac] [a] 4243 44 as (46 [ a7 48 [49 ]50 |51 1525354 [55]56] X
SECURITY IDENTIFIER- Same as used in
‘ Skid inventory for District.
CARD NC COUNTY NO HiGHWAY CONTROL SECTION ALPHA a BETA- Calibfmm Va'ues Shown
. on most recent calibration chart for
0|02 ] — the MRM unit used.
! 2 3 4 5 6 7 8 9 10 ] 1t i2 13 14] i5) 16 [ 17 g9
FROM ' eE PONT LANE - Has same designation as on the
— :l Maintenance Rating Form
2020 J22 (23 ]24 _25 26 [ 27 |28 (29} 3C | 3i |32 |33 343536 |37 {38 |39 140 (4l |42 43J 44| 45 | 36 (47 | 48
. M [+H fH‘ M
I_ﬁd__SC 5152 {53 154155 (56 [57|568[59]607161 |162|62]|64]6566/67|68[69[70][71 (72 73|74 |75 ({7677 } X ® @ ®
Face in direction of increasing mile post.
CARD NO MRM READING VELOOITY REMARKS
It is not necessary to use Card No.
003 63 5a X | 002, it Card No. 00l is completely
olola 9 filled in. .
4] 9 N |
0|0|5 ’ / ) } -
MRM READING - Can be either
1olo |6 4 6 ( - 1 Counter or Inches of chart
olol? paper. But it can"not" be a
317 N J | ! combination of the two becouse -
o|o|8 4 . 1 | the ALPHA & BETA are
different for each.
0|09 [ ‘
4l9 |
o|1|0 i T
52 40 f !
o ! I do PIEAICH| |cIREEK
ol1]2 4 4 :
o' 189 20 I
0114 Z’@ 50 | X
[ 1 Tils et =] B 97"\ Oyt |12]3 ;d:fs “}TA sl eI i9 20 a1 {22123 | 24 125 |26 |27 26 |29 {30 | 31 | 32 | 35|34 353637

' — IR
FORM 1392-1 9/75 Mgﬂ FIGURE 34 SHEET | OF_a

EXAMPLE OF COMPLETED MRM DATA CODE SHEET - COUNTER



MRM DATA CODE SHEET
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REMARKS

i3
R
- i 5
®
- ,I.A -
lvlmi.m,
S R m
R ¢
=z I8
2 =i B
4 N
I~ frem =
N 3 L@ 2
o ) G
(V7 i L ‘Hxﬁ
% R
R mﬂ.ﬂu 7 ;_m_
] & L
- T T
& ] "
= = | F
L1 =
; L i °
£ QL AT S .
g
g et [ 14
—
AN - U A NSO O NOHW = NG G
: o 0V ) @ — W N8 W[\ \D WY | oy g 1) &Y © W\g| ™
m567890|23456739012345678940I_ﬂh.wﬂ24ﬂ..
gl ~=[=j—1—-1- NNl Nl | N NN N[ 0|0 m 3[“ N (m 3;‘%@.4;_4 4,2
uOO_OOOOHOOOOOOWOOOOOOOOOrO;OOOOWm.« CA

51

SHEEY 2 OF

FIGURE 35

EXAMPLE OF COMPLETED MRM DATA CODE SHEET - COUNTER
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STATE DEPARTMENT OF HIGHWAYS AND PUBLIC TRANSPORTATION PAGE 1

SERVICEABILITY INDEX (SI) COMPUTED FROM THE MAYS RIDE METER

il

THIS PROGRAM WAS RUN - 10-01-75
s 5 o e el e s o e ok o e ke o e ek ok e o ok s skt ek o ok ok o ek ok ok o o e sk okl ook o ok ke o o ok o sk ke ok e ok o ok o e o e o ook ok

PROJECT IDENTIFICATION *
DIST CCUNTY HIGHWAY CONT-SEC BMP EMP PP SN LANE DATE
19 CAMpP FM  =2455 - 1579 2 0.0 1.701 1 L 09-25-75
LUPSHUR 1576 3 0.0 1.170
CAMP 1576— 4 0.0 3.835
UPSHUR 1579- 5 0.0 0.056
CALIBRATICON CONSTANTS TOTAL LENGTH TOTAL COUNTER MRM
ALPHA BETA FOR SECTION FOR SECTION NUMBER
10.22652 8.50040 T.434 2591. 29-8765—-A

st s e s ke e ok ok o ak 3 3k o o ook Aol e Aok o o sk ok 40 ok ok o ok s ok o o ok ook e ok o ok ok ke o o o ok o ook ek o ke ok e o ol ok o o ok i ok o o ok e e o o o kot o ek e o

LOCATION INFGRMATICN

FROM — WOOC C/L .
T0 - FM 556
X¢ o % 3k e ek ok X o o Ak 3 3 3k o ofe o o e afe ok ik ok ol ofe ac o e e ade ke i ik e o Ak e kol ok e e ol ofe ik e e o ek ok 3k o ek ok ok alk e s e e o ke ik sk ok Ak ol ok e ok ik ok ok e ok kY
MAYS RIDE METER DATA

MAYS METER
LOCATICN (READING/0.2 MI) SI SPEED REMARKS

BMP TQ 0.2 63.0 4.1 50
04 55.0 4a2 50
0.4 £1.0 4,1 50
0.8 48.0 4ot 50
1.0 27.0 445 50
102 34.0 4.6 50 ) »
1.4 45.0 4.3 50
1.¢ 52.0 4.3 40
1.8 51.0 4.3 40 PEACH CREEK .
2.0 64.0 4,1 40 '
2.2 65.0 4.0 50
2.4 75.0 3.9 50
2.€ 82.0 3.8 50
2.€ 97.0 3,5 50
2.0 g1.0 3.8 50
3,2 105.0 3.4 50 INTERSECT ION
3.4 118.0 3.2 50
3.6 59.0 4,2 50
3. ¢ 67.0 4.0 S0
4.0 55.0 4,2 50
4.2 45,0 4.3 50
4.4 65.0 4.1 40 -
4.6 65,0 4.0 40
4,8 53.0 4.3 50
5.0 62.0 4.1 50 .

Figure 36 - Example of Processed Data - Counter
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STATE DEPARTMENT 0OF HIGHWAYS AND PUBLIC TRANSPORTATIGN PAGE 2
SERVICEABILITY INDEX (SI) COMPUTED FRCM THE MAYS RIDE METER

MAYS RIDE METER DATA

MAYS METER
LOCATICN (REAGING/0.2 MI) SI SPEED REMARKS
5.2 €0.0 3.8 50
5.4 £G.0 4.0 50
£ 58.0 4.2 50
e € 91.0 3.6 50
E.C 103.0 3.4 50
£.2 87.0 3.7 50
6.4 68.0 4.0 50
6.6 37.0 4.5 50
E.¢ 45.0 4¢3 50
1.0 75.0 3.9 50
1.2 147.0 2.8 50
1.4 94.0 3.6 50
. 1.434 5,0 4.3 30 END OF SECTION
¥*%L0W SI = Z.8 AVERAGE SI = 4.0 HIGH SI = 4,6%%%

&

- Figure 37 - Example of Processed Data - Counter (Con't)
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FIGURE 38 - Plot of Processed Data
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CALIBRATION

Two types of calibration are treated as: (1) Calibration of the
MRM unit and (2) the Distance Measurement Calibration. The infor-
mation for the calibration of the MRM unit was basically obtained
from Research Report 156-1.(2) The reader is referred to this re-
port for the calibration development and detailed infromation. The
calibration of the MRM may be separated into two basic actions:

1. the "correlation calibration'.
2. the "calibration condition".

The "correlation calibration" is actually a correlation performed

on test sections in the Austin area where a relationship is estab-
lished with the Surface Dynamics Profilometer resulting in SI values.
The "calibration condition" is performed on test sections near the
area where the MRM is housed or based. The "calibration condition"
is used to determine if the MRM is in need of re-correlating by
using the Austin test sections.

The distance measuring calibration is used to obtain accurate dis-
tance measurements. The procedure described was obtained from the
Instruction Manual and Operating Procedure for Model DE-140 Distance
Measuring Instrument — Manual P-=137 and the reader is referred to
this manual for more specific information. (1)

Calibration of the MRM Unit

Correlation -~ Calibration

The MRM unit should be correlated initially and maintained in a
calibrated condition to produce a standard roughness value. Rough-
ness values may then be compared regardless of which MRM produced
the data. SI values may be converted from the roughness measurements
(both inches from chart paper and count from the digital counter
system) by use of a table developed from a correlation equation.

The table referred to as an MBM calibration table and examples are
shown in Figures 39 and 40.

Calibration is accomplished by measuring the roughness on 28 cali=-
bration sections (0.25 mile in length) in the Austin area with the
MRM unit and correlating this data with the Surface Dynamics Pro-
filometer., The correlation is accomplished by use of a computer
program which develops a correlation equation., The computer pro-
gram also produces tables to convert roughness readings to SI values.
Each section should be run five consecutive times. Each run should
be at a constant speed and this speed attained approximately 0.2
mile before entering the section. The test speed should be 50 mph.
Contact should be made with the Transportation Planning Division
(D-10) for information involving the calibration in Austin. D-=10
will process the data and forward the calibration information.
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TYEXAS HIGHWAY DEPARYMENT — MAYS RIDE METER CALIBRATION PAGE

MAv t3-1¢f;197§-arg157R1c1/F1LE;' |
: SD—éﬁUFiLDHEIERiSI VALUES WERE RUN MAY+1
MAYS METER CALIBRATION TABLE FOR 50 mpH_

ALPHA = 5,@5653*##ff 351A ;;5;%g43;vf_:'

(READING/0.2 M1} (READING /0.2 MI)

18.0 c.5 4.5 . 2.8
16,4 = Cab - 4;3_- . ”-2;9}5
15,1 .1 4 3.0
14.0 c.8 3.8 - 3.1
13.0 C.9 36 3.2

12.2 1.¢ 3.4 3,3

6.6 C2.1 lo4

4.'8 o7 S 0’0

N Figuré 39 .
Calibration Table - Scaled Values
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TFXAS HIGHWAY PEPARTMENT — MAYS RIDE METER CALIBRATION PAGE S
MAY 13-1&, 1675 DISYRICT/FILE TVI MRM NO. UNIT 27
SO~-PRCFNILOMETER ST VALUES WERE RUN MAY11975
MAYS METER CAL IBRATION TABLE FNR 50 MPH

ALPHA =10,22¢52 *%¥¥% BETA = 8,90040

MAYS METFER <1 MAYS METER St
(READING/0.2 M) {READING /0.2 MI)
4RQ,3 C.5 144, 4 2.8
451.9 Cab 137.2 2.9
421,1 a7 130,2 3.0
394 .6 C.® 123.3 3.1
371.2 C.9 116.7 3,2
350,72 1.0 110.2 3.3
331.3 1.1 1C3.8 3.4
314.1 1.2 97.6 3.5
298,72 1.3 91.5 3.6
283,5 l.4 85.5 3.7
269.8 1.5 79.6 3.8
257.0 1.6 73.8 3.9
244 ,9 1.7 68.1 4,0
233.5 1.8 62.4 4a1
222.7 1.9 56.7 4.2
212.5 2.0 51.0 4.3
202.7 2.1 45.3 4.4
193.4 2.2 39.5 4,5
184.4 2.3 33.6 4.6
175.8 2.4 27.5 4.7
167.6 2.5 21.0 4.8
159.6 2.6 13.6 4.9
151.9 2.1 0.3 5.0
Figure 40

Calibration Table - Counter Values -
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Calibration Condition

Accurate values are maintained by keeping the unit in a calibrated
condition and certain control procedures have been set up to monitor
this condition. These procedures provide a means of detecting out-
of-calibration conditions and should be strictly followed.

Twenty control sections are to be established immediately following
the initial calibration., These sections should be convenient to

the assigned location for the MRM unit. Roughness variations within
each section should be homogeneous; that is, the roughness within
any 0,05 mile segment of the section should be approximately the same
as in any other 0.05 mile segment of the section. It is evident that
a smooth section with a rough bump within the section would not be a
desirable section. Sections where changes in pavement conditions
are expected to be minimum are preferred so that the sections will
be useful as long as possible., The selection of these control sec-
tions is a very important part of the control procedures since they
will be used to determine the calibration condition of the MRM unit.

Two control charts are used for monitoring the MRM calibration con-
dition, One is for checking the mean (or average) compared to the
initial values and the second for checking the variations from the
mean of the replicate values. The control charts are developed with
measurements obtained from the twenty control sections established
as described above. A work sheet similar to Figure 41 is used to
develop the control charts. Each seection is run five times.

NOTE: The control limits will be computed from these
initial measurements. Therefore, it is important to
include any run-to-run or day-to-day variations to
prevent these limits from being too close, Therefore,
it is recommended that all sections be run one time per
day with at least a day separating replication runs. ’

The SI value is computed and entered on the work sheet (Figure 41).
Then the following values are computed for each section:

1. The mean (x) of the five test runs is computed and
entered on the work sheet and the mean control chart
(Figure 42).

2. The range (R) of the five test runs for each section
is computed and entered on the work sheet.

3. The mean range (R) is computed and entered on the
work sheet.

4. The upper and lower control limits for the mean control
chart are computed by multiplying the mean range (R) by
+ 0.82. This value is entered on the work sheet and
plotted as two straight lines on the mean control chart
(Figure 42).

58




MRM CONTROL CHART
WORK SHEET

MRM NO. 22-9840-F  page /o t+o "9 /74

DisTRICT _ D10k

Note: SI valves caleviated From eounter readings

S
SECTION Targp REPLICATION Y R
! pd 3 4 5
10! 2513y | a.912.9 | 3.0 3.14 0.6
102 40 {40 | 3.8 | 3.9 | 4.1 2.90 0.3
103 3. 135 | 38 | 3.8 | 3L 2.54 0.4
104 Do | e | odiad | 2R | 2.2 224 0.2
106 2.0 | o2 (8 1 2.4 | & 2.02 0.3 -
107 25 125 | 23 | 26 |23 | 249 0.3
108 3.4 | 3.4 321 391 33 3.40 0.5
109 2.3 | 272 1 23| 25! 258 2 4 b 0. 4
1O 3.% | 3.4 | 33 | 35 | 3.2 3.3b 0.3
1] 3 | 34 | 35 | 38 | 37 3. 60 Oy
1z [:2 i.of L8 {1 13 [.390 0.4
13 3. 8 3.8 3.l | 39 | 2.8 3.98 0.3
1y .7 .7 | 25 27 2.7 2. b 0.2
s 2.0 1.9 171 2S | 2.2 2.0k Q.8
1A il PICER R 2.3 1 2.3 o223 0.3
142 3.7 137 3.4 3.5 | 3. 3.58 0.3
e Yo |46 | Hy i 43 | 43 H. 44 0.3
119 2.1 ol ¥ a2 4.4 1 25 2.8 6.8
120 Lo | Lo i Li 11D 104 0. !
12 ) 385 | 3 | 3.5 2o | 3.8 3.0 0.3
DATE=YEAR 1974 | Ly | Bz | 2s | Lrg | L7
DRIVER/RECORDER| _—" | _—"
Upper Control Limit Ryetal (AT
For R=2.11% R
= 0.75% R - Total
20
Contra! Limits for Rs_ 0360
Mean=%+0.82 K= £ 0.395a
Fiqure 41

A Typical MRM Work Sheet - Counter Values
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5. The upper range control limit is computed by multiply-
ing the mean range (K) by 2.11 and entering this value
on the work sheet. This value is also plotted on the
range control chart (Figure 43).

When the control sections have been established and the Mean and
Range charts established, control checks may be made at periodic
intervals. Control checks are made by taking a set of five repeat
runs over any one of the twenty control sections and finding the
mean SI (X) and range (R) (see Figure 47). The difference between
the current mean and the initial mean established for the control
section as listed on the left-hand side of Figure 42, is then com-
pared with the upper and lower mean control range. If this differ-
ence is greater than the control range, an out-of-control condition
can be suspected. The range provides an additional control check
and is compared to the upper range control limit on Figure 43. A
range value falling outside this limit will also indicate an out-
of-control condition. By plotting the mean differences and range
values, a past history or record can be maintained to assist in
identifying out-of-control conditions.

Periodic control runs should be made at least once per month when
the MRM unit is not in use and at least once each week when the MRM
unit is being used. The section to be run should be randomly se-
lected and the same section should not be repeated before at least
four separate sections have been run for control purposes. The
basic idea in the control procedure is to determine if the MRM is
giving the same measurements within its measurement errors. Since
these errors can and do occur, the control limits are established

to identify extreme cases of these measurement errors. As indi-
cated, an out-of-control condition can be suspected when either the
range or mean control limits are exceeded. If one or both of these
control limits are exceeded, the first action, which would not be
delayed, is to closely examine the MRM unit for the possible problem
source. If no problem is found, then run 4 or 5 additional control
sections. If these exceed the control limits, a thorough check of
the entire unit should be made and a new calibration performed in
Austin. If none of these additional control checks exceed the con-
trol limits then the first control section should be closely ex~
amined for changes in roughness.

Figures 41 through 43 are examples using roughness counters whereas
Figures 44 through 46 are examples of values scaled from the MRM

chart paper.

Distance Measurement Calibration

As stated previously, the thumbwheel setting on the DMI is used to
provide distance corrections to the digital display or as a factor
to change the units of the distance measured as shown on the display.
The distance developed by the DMI results from a sensor placed near
a wheel on a vehicle and from eight magnets placed in a circumfer-
ential manner around the wheel. As a magnet passes near the sensor,
an electrical signal or pulse is generated. These pulses control
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MRM CONTROL CHART
WORK SHEET

pisTRICT _P-10R MRM NO.23-2840-F  pATE “fu t "l1a/74
Note: SI valves ealeul ated From Chart Paper measvrements
Si :
SECTION |TEAP REPLICATION X R
| 2 3 4 5
101 32 |32 |29 1238 |08 2.98 0.4
e 4yo | 3.8 1 35 | 3.6 | 3.8 3.94 0.5
103 35 133|133 | 33 | 34 3.36 0.2
104 2.4 | 22120 | 22 |22 2.22 ©.3
106 2.2 | 2.4 | 1.9 | 24 |20 2,06 0.3
[O7 2.4 | 24 122 | 2.5 | 2.3 2.36 0.3
108 30 | 26 | 3.0 | 3.5 |29 3.00 0.9
b9 2.3 | 23122 |25 |23 2.33 0.3
1O 3.2 | 32 |33 3.2 | 3. 320 0.2
1t : 3.4 32 | 3.2 3.b | 3.5 3.38 0. 4
12 L¢ |l | 0¥ | 1.3 | 1S [. 9% 0.3
113 2. | 3L | 3.4 | 3.b | 4.0 3.0LS 0.6
1y 25 | 2.6 | 25 |27 | 2.8 | 262 0.3
1S 20 | 9 | .8 |19 |22 L6 0.4
o 23 | 22122 |las |22 228 0.3
17 351 34132132 |3.5 336 n.3
118 y.0 3 1 4.0 | 4.2 4.5 4,20 0.5
119 2.4 | 2.3 | 2.3 | 2.4 |23 2:3Y 0.(
L20 (L3 | 3 | 1.3 3 1.2 [ /28 Ol
LR 3.2 | 3.4 132 | 34 2.5 3.34¢ 0.3
DATE~YEAR 19| L7 277 213 Yy | 219
DRIVER/RECORDER L _— |_—
Upper Control Limit Ryotal® 7.0
For R=2.I1x R
= 0.7335 R= Ryotal
20
Control Limits for R=_0.35
Mean=%*082R= ~ ©.287
Figure 44

A Typical MRM Work Sheet - Scaled Values
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WORK SHEET FOR
MRM CONTROL RUN
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N Figure 47
Typical Work Sheets for MRM Control Run



the distance numbers being displayed. It may be noted that there
are eight pulses for each revolution of the wheel. The distance
traveled by the vehicle in one revolution of the wheel is of course
directly related to the circumference of the inflated tire.

The number shown on the thumbwheels is actually a multiplier. The
number of pulses delivered from the sensor will be multiplied by

the thumbwheel number and the result will be displayed. If the
thumbwheel number is 1000 (actually a 1.000) the multiplier is one
(1). If a 1500 (actually a 1.500) is set on the thumbwheel and 1000
pulses are received, the number 001500 will be displayed. An example
of using this feature for calibrating follows:

Assume a wheel with a G78-15 tire is used. Also, assume the
radius is 13.78 inches (diameter = 27.56).
Then:
Circumference = D
~ 27.6 = 86.56 inches =7.21 feet

" Calculate the feet per pulse:

7.21 ft. = 0.901 ft./pulse
8 pulses

Calculate the pulses per foot:

8 pulses = 1.110 pulses/ft.
7.21 ft.

If there are 1.110 pulses/ft. when the vehicle has traveled 1000 ft.,
there will be 1110 pulses delivered to the DMI. There is a need then,
to set a multiplier on the thumbwheels to cause the 1110 pulses to be
factored so that the correct number (1000) is displayed when 1000 ft.
have been traversed. The multiplier will be 1000/1110 or 0.901. Note
the 0.901 is also the number of feet per pulse. This means that when
the number of feet/pulse has been calculated, this number may be set

in as the multiplier. However, it should be noted that this multiplier
only corrects to produce a display in feet. For roughness measurements
a display in mileage is needed. Therefore, it may be noted that:

1. When a one (1) occurs in the least significant digit of
the display (the right most of the six display tubes),
a distance of 0.0001 mile should have been traversed.

"2. The 0.0001 mile is actually 0.5280 feet.

3. The factor to convert feet to miles is 0.0001893 or
1/5280 = 0.0001893 ft/mile.

4, If the least significant digit needed is in terms of
0.001 mile, a multiplier of 1.893 (0.0001893 x 10,000)
is also needed with the DMI so that the numbers will be
displayed in 1/10,000 mile units.
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Therefore, for the G78-=15 tire noted in the example, the product of
the two multipliers should be used on the thumbwheels to produce a
corrected readout in mileage. That is 0.901 to correct pulses to
feet and 1.893 to change feet to mileage. The setting on the thumb-
wheels for the G78-15 tire example should be 0.901 x 1.893 = 1.706
or a 1-7-0-6 on the thumbwheels (reading from left to right).

After the initial setting has been determined, it is suggested that
the DMI be calibrated by obtaining the distance of a measured mile.
The measured mile should be established in the manner used to develop
odometer check stations. The vehicle (and/or trailer) housing the
DMI should be tested on the measured mile at 50 mph with at least
three repeat passes and the thumbwheels adjusted so that the DMI dis-
plays the correct distance + 0.0005 mile. The adjustment and final
setting should be based on the average of the three repeat passes.
(Normal range between repeat passes will be within + 0.0005 mile. If
the distance of one pass differs from one of the other two passes by
more than 0.0010 mile in the one mile measured distance, it is sug-
gested that that pass be deleted and the remaining two averaged.)

If adjustment of the thumbwheel is needed, it should be noted that
larger numbers on the thumbwheel produce larger numbers in the dis-
play (after traversing the measured mile). Conversely, smaller number
on the thumbwheel produce smaller numbers in display. The usual 14-
or 15-inch tires on an automobile or trailer reflect a display change
of about 0.0005 mile when the right most thumbwheel is changed one
number (in a one mile test).

"Radial run-out" has been mentioned previously. In this condition

the radius to the outer edge of the tire changes with speed because
centrifugal force causes the tread portion to move away from the

axle, In recent tests with a Ford LTD with original equipment tires,
distance measurements were made at 30, 40 and 50 mph. With the thumb-
wheels maintained at one setting, a differential distance of about
0.0005 mile was noted for a speed change of 10 mph when tests were
made over a measured mile. Using this information, one may postulate
that no change in thumbwheel setting is needed for speed changes up to
5 mph., Speed changes greater than 5 mph from the 50 mph speed should
be accompanied with thumbwheel changes of one number (in the rightmost
switch) then another number change for every 10 mph velocity change.
It is expected that this information will be valid for most vehicles
THD will operate in obtaining roughness measurements.

Suggested allowance in distance for speed changes have been offered

immediately above; however, it is suggested that all roughness tests
be cqnducted at 50 mph, + 5 mph.
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VIII SYSTEM MAINTENANCE

In order to secure the most reliable roughness values with the Mays
Ride Meter (MRM), the following should be observed:

1. The suspension system on the vehicle (trailer or
automobile) should be kept in top working order.
Coil springs and firm shock absorbers are preferred,
This condition should be checked periodically.

2, Tires should be checked daily for proper pressure
and periodically for roundness and balance.

3. Moving components on the chart paper recorder and
signal transmitter should be checked for mechanical
freedom,

4, The rotary drum and cable pulley should be checked
to insure proper position. (Top and bottom are
marked on the pulley) The check should be accomp-
lished with normal test weights in the car.

5, Voltage to the system must be maintained near 13V
(13-3/4V are normal in a 12V automobile system).

6. Magnets on the distance measuring wheel should be
checked daily to insure that a magnet has not become
dislodged.

7. An air conditioned vehicle is preferred. (Very
desirable in the hotter areas of the state as all
the solid state circuitry operated more reliably in
a cool, dry environment.) The stepper motors and
other electronic components dissipate heat much more
readily.
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IX.

OPERATION

It is suggested that the available information on Cards 1 & 2 of
the code sheet be completed and sheets prepared for the entire
daily route to be tested before testing is initiated. 1In this
manner, continuous data collection may result during the work
period.. Basically, it will be necessary to have knowledge of the
beginning and ending points of each section to be tested and be
able to recognize these points while traveling in the test unit

at 50 mph. On any one section the 50 mph test speed must be
established before entering the section., Data collection must be
initiated as the beginning point of the section (PPS) is crossed.
Test data is recorded while testing within the section and data <
collection is ceased at the end of the section. The vehicle driven
to the shoulder and stopped so that additional test data can be re-
corded. - If the test sections are in sequence, it will be neces-
sary to re-enter the section just completed and again obtain the

50 mph test speed before data collection can be initiated on the
next section to be tested.

Appendices A and B should be duplicated and carried in the test
unit to be used as a quick reference by data collection personnel.
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APPENDIX A
INSTRUCTIONS FOR THE USE OF

MAYS RIDE METER WITH DMI/COUNTER
INTERFACE
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INSTRUCTIONS FOR USE OF MAYS RIDE METER WITH DMI/COUNTER INTERFACE

PREPARATORY CHECKS:

1.

2.

3.

9.

CHECK TIRE PRESSURE TO BE SURE IT IS 31 PSI AFTER SUFFICIENT TIRE WARM-UP
(AT LEAST 5 MILES).

MAKE SURE THERE IS ENOUGH CHART PAPER IN MRM RECORDER.

CHECK FOR PROPER NUMBER OF MAGNETS ON DMI XDUCER WHEEL. (THIS IS THE LEFT
TRAILER WHEEL WHEN USING TRAILER AND LEFT FRONT WHEEL ON AUTOMOBILE) THERE
SHOULD BE A TOTAL OF 8 MAGNETS.

DRIVE THROUGH A MEASURED DISTANCE SUCH AS A MEASURED MILE TO CHECK THE DML
FOR PROPER CALIBRATION. THIS MAY BE INCLUDED AS THE LAST MILE IN THE TIRE
WARM-UP. THE PROGRAMMING THUMBWHEELS ON THE DMI SHOULD BE SET FOR THE PROPER
CALIBRATION NUMBER. IT IS SUGGESTED THAT THE CALIBRATION NUMBER BE OCCASION-
ALLY CHECKED DURING THE DAY.

NOTE: THE ABOVE INSTRUCTIONS OR DMI CALIBRATION ARE VERY IMPORTANT. IF THE
DMI IS NOT IN CALIBRATION THE SI VALUES WILL BE ERRONEOUS.

MAKE SURE THE PENS ON THE MRM ARE ALL LINED UP EXACTLY, SO THE EVENTS (RIGHT
& LEFT) WILL COINCIDE WITH EACH OTHER.

MAKE SURE THAT THE RIGHT PEN IS IN THE NON-ENERGIZED POSITION. THIS CAN BE
TESTED BY PRESSING THE RESET BUTTON ON THE DMI. IF THIS DOES NOT GIVE AN
EVENT, PRESS THE WHITE "LANDMAKR" (RIGHT) BUTTON ON THE MRM. THIS SHOULD PUT
THE PEN IN THE NON-ENERGIZED POSITION.

WHILE RUNNING THE MEASURED DISTANCE FOR DMI CALIBRATION, CHECK TO SEE IF THE
DISTANCE EVENT PEN -(LEFT-ON THE MRM RECORDER) IS EVENTING PROPERLY.

THE DMI SWITCHES SHOULD BE IN THE FOLLOWING POSITIONS FOR THE USUAL OPERATION:

A. THUMBWHEEL SWITCHES -———- CORRECT CALIBRATION NO. BE SURE THIS IS CURRENT.
B. ON/OFF SWITCH ~———————— ON (DEPRESSED)

C. DATA SWITCH OFF (DOWN)

D. HOLD SWITCH OFF (ouT)

THE ALTERNATING SEQUENCE SWITCH SHOULD BE IN THE 0.2 MILE POSITION,
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APPENDIX B

OPERATING PROCEDURES FOR USE OF MAYS
METER WITH DMI/COUNTER SYSTEM
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OPERATING PROCEDURES FOR USE OF MAYS METER WITH DMI/COUNTER SYSTEM

BE SURE ALL PRE-OPERATION CHECKS HAVE BEEN OBSERVED.
COMPLETE THE AVAILABLE INFORMATION ON CARDS 1 & 2 OF THE CODE SHEET.
OBTAIN 50 MPH AT LEAST 0.2 MILE BEFORE BEGINNING POINT OF THE SECTION.

AS YOU CROSS THE BEGINNING POINT OF THE SECTION, PRESS THE DMI RESET
BUTTON. THIS WILL AUTOMATICALLY:
A. RESET THE DMI READING TO ZERO.
B. RESET THE ALTERNATING COUNTERS TO ZERO.
C. PUT AN EVENT MARK ON THE RIGHT SIDE OF
THE CHART PAPER.
D. CHANGE THE POSITION OF THE DISTANCE
EVENT PEN ON THE MRM,
E. RESET THE ACCUMULATIVE COUNTER.

AS YOU PROCEED THROUGH THE SECTION, THE ALT. COUNTERS WILL COUNT THE ROUGHNESS
WHEN THE END OF THE FIRST 0.2 MILE IS REACHED, THE FIRST COUNTER WILL GO INTO
A HOLD MODE AND THE ROUGHNESS COUNT WILL BEGIN TO COUNT ON THE SECOND COUNTER
AND THE AUDIO SIGNAL (BEEP) WILL BE HEARD WHICH INDICATES THAT THE COUNT ON
NO. 1 SHOULD BE READ AND RECORDED IN COLUMNS 4, 5 AND 6 (RIGHT JUSTIFIED) OF
CARD TYPE 3 (OR GREATER), COLUMN 7 IS USED ONLY WHEN THE MRM VALUES ARE
CODED IN INCHES OF CHART PAPER. AT THE END OF THE SECOND 0.2 MILE, THE AUDIO
SIGNAL WILL BE HEARD AND THE SECOND COUNTER WILL GO INTO THE HOLD MODE AND
THE FIRST COUNTER WILL RESET AND BEGIN COUNTING. THE READING FOR EACH 0.2
MILE SHOULD BE RECORDED AS STATED ABOVE. THIS ALTERNATING ACTION WILL CON-
TINUE THROUGHOUT THE SECTION.

CLOSE ATTENTION SHOULD BE GIVEN TO THE COUNTERS BOTH VISUALLY AND BY LISTENING

FOR THE AUDIO SIGNAL SO THAT NONE OF THE 0,2 MILE READINGS ARE ALLOWED TO RESET

BEFORE THEY ARE RECORDED., ABOUT 15 SECONDS ARE AVAILABLE FOR RECORDING BEFORE

THE ALTERNATING COUNTERS ARE AUTOMATICALLY RESET.

WHEN THE END OF THE SECTION IS REACHED, AND AS YOU CROSS THE END POINT, PRESS

THE DMI "HOLD" BUTTON. THIS WILL PLACE THE ACCUMULATIVE COUNTER, ALTERNATING

COUNTER AND THE DMI DISTANCE COUNTER IN THE "HOLD" MODE SO THAT A RECORDING OF
BOTH MILEAGE AND ROUGHNESS COUNT CAN BE MADE,

RECORD THE LENGTH OF THE TEST SECTION IN COLUMNS 31 - 35 OF CARD NO., 1 AND
THE NUMBER IN THE ACCUMULATIVE COUNTER IN COLUMNS 36-40 (RIGHT JUSTLFIED) OF
CARD NO. 1.

RELEASE THE "HOLD" BUTTON.

THE ABOVE PROCESS MAY BE REPEATED ON THE NEXT SECTION,
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APPENDIX C
OCTOBER 18, 1976 COST AND PARTS LIST

FOR THE
MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM
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October 18, 1976

TEXAS STATE DEPT. HIGHWAYS & PUBLIC TRANSPORTATION
D-10 RESEARCH

PARTS LIST
for

MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM

QY. ITEM DESCRIPTION COST EA. TOTAL
11 DR2000 SEVEN SEGMENT READOUTS (RCA $ 5.00 $55.00
Numitrons)
11 7447 * Seven segment Decoder/Drivers 2.80 30.80
15 7490 * Decade Counters 1.60 24,00
7 7400 % Quad 2 input NAND Gates .86 6.02
4 74121 * Monostable Multivibrators .86 6.02
2 7472 * J K Flip Flop .75 1.50
1 MG665 % Triple Level Translator (Motorola MHTL) 1.75 1.75
2 LM555 ® Timer 1.89 3.78
2 W107DIP-1 Reed Relay (Magnecraft) 5.00 10.00
2 ECG211 Transistors (Sylvania) 2.30 4.60
4 LM309K 5 Volt Regulators 3.50 14,00
4 HEP 170 Diodes .82 3.28
"$160.75

% INTEGRATED CIRCUIT Dual in-line Package
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aQry.

12

30

October 18,

TEXAS STATE DEPT. HIGHWAYS & PUBLIC TRANSPORTATION

D-10 RESEARCH

PARTS LIST

for

MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM

16DIP Cinch Jones IC socket
14DIP Cinch Jones IC socket

MLED 650 279 Case Light Emitting Diodes (Motorola)

78

ITEM DESCRIPTION
TVA1207 Electrolytic Capacitor 100MFD@25 VDC
TVA1204 " 10 MFD@25 VDC
TVA1203 " 5 MFD@25 VDC
TVA1142 " 3 MFD@25 VDC
TVA1211 " 1000 MFD@25 VDC
M39003 (Military specs) Tantalum .01 @ 16 VDC

" .1 @16

Disc Capacitor .1 @ 50 VDC
" .01 @ 50 vbC
" .05 @ 50 VDC

COST EA.

$ 1.25
«60
.60
.50

2.00
1.00
1.00

.39

.20
1.25
1.00

.60

1976

TOTAL

$ 2,50
1.20
3.60
1,00
2,00
8.00
4,00
1.95
1.00
1.00 .

15.00
30.00

1.20

$ 72.45



October 18, 1977

TEXAS STATE DEPT. HIGHWAYS & PUBLIC TRANSPORTATION

" 'D-10 RESEARCH

PARTS LIST
for

MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM

ITEM

#4 (39F744)
#750 (39F746)
RG174/U
UG88U

657U
50-22A-20

50-44A-30

MST-105
#126-010
#126~011
#126-1063

#126-1069

1 K 1/2 wWat
22K "
33K "
10K "
100K "

180 ohm "

DESCRIPTION COST FA.

Miniature jacks and plugs (Switchcraft)

Miniature jack <45
Miniature plug «55
Coaxial cable .

BNC Connector .85
BNC Connector 1.35

Cinch, Edge connector (PC Board) 22 Pin 1.75

Cinch, Edge connector (PC Board) 22 Pin 2.25
Double row

(Alcoswitch) SPDT miniture switch 2.50
5 Pin Amphenol plug 1.25
5 Pin Amphenol socket 1.75
Hood & clamp for above <75
Clip retainer .10
2" thin 4 ohm speaker 2,00

RESISTORS (carbon)

10% .20

79

TOTAL

1.80

2,20

1.00

3.40

5.40

2.50

2.25

2.50
5.00
7.00
3.00

.40

2.00

.60

- 60

040

.60

.20

.20

$ 41.05



QTY.

1 Gal.
16 oz.

1 Gal.

October 18, 1977

TEXAS STATE DEPT. HIGHWAYS & PUBLIC TRANSPOKTATION

D-10 RESEARCH

PARTS LIST
for

MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM

ITEM DESCRIPTION

RESISTORS continued
150 ohm 1/2 Watt 10%

2.2K i 11

FUSE HOLDER (Chassis mount)
1/4" Phone Plug
1/4" Phone Jacks

Test Jacks

COST EA,

1.50

o715

75

.50

2 ounce copper clad single sided printed circuit boards,

fiberglass. 1/16" X 8" X 4&4/4"

2 ounce copper clad double sided printed circuit
fiberglass beard. 1/16" X 8" X 4&3/4"

#6052B Thermalloy Heat Sinks

KRP 11 AG 12 volt heavy Duty Relay (Potter/Brm)
Octal 8 pin socket for above relay

PC Board Developing sclution GC product # 22-235
Areosol can etch resist GC product # 22-231

Ferric Chloride etchant material

80

2.00

3.00
1.50
10.00
1.00
6.55
10.67

5.00

‘TOTAL

3.00

1.00

4,00

3,00
6.00
10.00
1.00
6.55
10,67

5.00

§ 53,27

.
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October 18, 1976

TEXAS STATE DEPT. HIGHWAYS & PUBLIC TRANSPORTATION
D-10 RESEARCH

PARTS LIST
for

MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM

ITEM DESCRIPTION COST EA. TOTAL
MISCELLANEOUS ITEMS NEEDED FOR CONSTRUCTION

SOLDER

PLEXIGLASS FILTER (RED)

FUSES

WIRE (HOOKUP)

UPHOLSTERY MATERIAL FOR CABINET

MISC, NUTS AND BOLTS

SHEET METAL FOR CABINET

PC BOARD DESIGN MATERIALS, LAYOUT PATTERNS, NEGATIVES, ETC.

EST. COST OF ABOVE $50.00

PC BOARD BACK (SEE VECTOR PRODUCTS LIST)

DISTANCE MEASURING INSTRUMENT (DMI) October, 1975 - $583.56

VEHICLE INSTALLATION KIT FOR DMI October, 1975 - 49,92
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TY.

THE FOLLOWING IS A LIST OF ITEMS COMPRISING ITEMIZED PARTS FOR THE

October 18, 1976

TEXAS STATE DEPT. HIGHWAYS & PUBLIC TRANSPORTATION

" 'D=10 RESEARCH

PARTS LIST
for

MAYS RIDE METER/DIGITAL COUNTER/INTERFACE SYSTEM

ITEM DESCRIPTION

COST EA,

CONSTRUCTION OF A PREFABRICATED PRINTED CIRCUIT BOARD BACK.

2

2
1Pkg.
1(24™)
1Pkg.
1Pkg.
1Pkg.
1Pkg.
1Pkg.
1Pkg.

1

THEY ARE AVAILABLE FROM:
(costs are estimated)

#SW-87-P-119
#TSW-300-A
#NT6-3
#BRi9—240
#BR33A
#NT4-7
#BR20-240
#sC4~11
#SP09/2
#5C10~2

#HA-12

VECTOR ELECTRONICS CO.

12460 GLADSTONE AVE.

INC.

SYLMAR, CALIFORNIA 91342

213/ 365-9661

Cage sidewall Sect.5,Pg.5

T Slot Struts Sect.5,Pg.8

Strut Mounting Hdw. "

Case Guide "
Universal Adj. Guides
Square Nut "
Card Guides,Plastic "
Screws, flat head "
Hex spacer/Hdw.

Thumbscrews

Handle "

82

Pg.9

Pg.8a
Pg.11

Pg.7

$ 4,42

4,71

4,31
1.79
1,32
1.50
6.00
4.20

2.74

TOTAL

$ 8.84
9.42

1.19
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