AD=A073 439 ABERDEEN PROVING GROUND MD MATERIEL TESTING DIRECTORATE F/6 14/3
RESEARCH AND DEVELOPMENT OF INSTRUMENTATION PROGRAM: VEHICLE PE=-=ETC(U)
JUN 79 C L FRANCIS

UNCLASSIFIED APG=MT=5252




2.

(0

=

Frrri’rrﬁ‘ :
ic

"m T
R ﬂlﬂ%\

22 s

B
5

. ¥
MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF srmomoswss-ii

"y
‘o




LEVEL*

RDTE PROJECT NO./NSN

AD

o ¢ TECOM PROJECT NO. 5-CO-APO-VPR-101
3 TEST AGENCY REPORT NO. APG-MT-5252
4 » O TEST SPONSOR US ARMY TEST AND
: : EVALUATION COMMAND
; Q.‘ 1 TRADOC AC NO. NOT AVAILABLE
g -
i FINAL REPORT
]
RESEARCH AND DEVELOPMENT
OF
oy INSTRUMENTATION PROGRAM, VEHICLE
%‘ l % PERFORMANCE RECORD ' s
e 4 ., LRF ER
. = DDC:
; |
C JUNE 1979
' A
' el
:‘i - ) DISTRIBUTION STATEMENT A
l = Approved for public release;
) = Distribution Unlimited L

DISTRIBUTION UNLIMITED.

US ARMY ABERBEEN PROVING GROUND

{ ABERDEEN PROVIAQ GROUAD, MARYLARD

79 09 4 0389




DISCLAIMER

Information and data contained in this document are based on input .
available at the time of preparation. Because the results may be
subject to change, this document should not be construed to represent
the official position of the US Army Materiel Development and
Readiness Command unless so stated.

The use of trade names in this report does not constitute an official
indorsement or approval of the use of such commercial hardware or
software. This report may not be cited for purposes of advertisement.




S— -.»WW“

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
REPORT DOCUMENTATION PAGE N i

' RLPORT NUMBER v 2. GOVT ACCESSION NO,

TECOM .Proj No. 5-CO-APO-VPR-101

A. TITLE (and Subtitlie)
—

| RESEARCH AND DEVELOPMENT OF INSTRUMENTATION !
_PROGRAM, VEHICLE PERFORMANCE RECORDER » =~

i, v A RT NUMBER
AR : | 4| J APG-MT-5252
. v’ x -

FinalA 29 Novewbewsdy/]-wp
=] 25 May #9878

(&)

7. AUTHOR(s) NT NUMBER(s)
3 S
36 l e L.IbranCLS f None
L Ul ;
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
/E AREA & WORK UNIT NUMBERS

Materiel Testing Directorate
ATTN: STEAP-MT-G None
Aberdeen Proving Ground, MD 21005
11. CONTROLLING OFFICE NAME AND ADDRESS :
Commander, US Army Test and Evaluation Comm d/ / m
ATTN: DRSTE-AD-I ENOWE
Aberdeen Proving Ground, MD 21005 55
T4, MONITORING AGENCY NAME & ADDRESS(I! different ffice) | 5. SECURITY CLASS. (of this report)

P’_ \ Unclassified
None s 9 Y
fr s Sl \ [75a. DECLASSIFICATION/ DOWNGRADING
— [ ™ g

16. DISTRIBUTION STATEMENT (of this Report)

DISTRIBUTION STATEMENT A

Approved for public release;
Distribution Unlimited

Unlimited distribution.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

None

18. SUPPLEMENTARY NOTES

None

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Data acquisition system Digital recording system

Data logger, programmable Instrumentation, data acquisition
Vehicle recordirg system

Vehicle monitoring system

20. ABSTRACT (CTantinue an reverse slide ¥ -

_)At the present time automotive test data relative to use and operational en- 1
vironment is gathered by tachographs, analog tape recorders, and pulse code
modulation (PCM) encoders. This project was to develop a Vehicle Performance A\
Recorder (VPR) to augment the existing automotive test capability. The design
objectives of the VPR were: self-contained, analog and digital inputs,
digital recording, programmable, not require an on site or skilled operator,
8~hour capacity, 0.1% analog accuracy, 30-second time resolution, useable

- ‘:::.” WIS - ENTOR G A S Unclassified
[_f () L‘- O 6 23 }Mﬁ CLASSIFICATION OF THIS PAGE (When Data Entered)
\ PSR-y

and idi ly by block ber)

e e e A et A0 -




SECURITY CLASSIFICATION OF THIS PAGE(When Doate EBntored)

20.

in US Army Aberdeen Proving Ground (APG) environment, 28 VDC operation,

7 and internal battery operation. A unit which meets these objectives is
described in detail. The VPR uses a commercial cassette recorder and

a custom controller to provide a flexible, low-power consumption data
acquisition system. A description of alternative systems is also provided.
It is concluded that: a) the VPR satisfies a wide variety of measurement
needs; b) commercially manufactured units now exist with a wide spectrum
of capabilities; c) the Army developed Vehicle Monitoring System (VMS)
may be available in the future; d) no single unit satisfies all possible
data acquisition requirements. It is recommended that a commercially
available unit be used if possible; if not then the VPR be used.

!
\

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




i a5

TABLE OF CONTENTS

ABSTRACT . . .
FOREWORD . . .

N =
. o

LVHEWWLWWLWLWLWWW
AL W

e o

A
B
c
D
E
F
G

SECTION 1. BODY

BACKGROUND . . . . . .
OBJECTIVES . « . . . .«
DETAILS OF PROJECT . .
RECORDING SYSTEM DESIGN
PLAYBACK SYSTEM DESIGN
DATA INTEGRITY TEST . .
EXAMPLES . . . .
RECOMMENDED MODIFICATIONS
COMMENTS . ¢ . . & & o
CONCLUSIONS . . . . . .
RECOMMENDATION . . . .

SECTION

REFERENCES , . . . « oo .
DETAILS OF VPR HARDWARE Qo .
PLAYBACK SYSTEM DATA FORMAT .
DETAILS OF READOUT UNIT . . .

DETAILS OF CALCULATOR INTERFACE
ABBREVIATIONS . . . « « « « o &
DISTRIBUTION LIST . . . . . . .

ACOESSION for
NTIS

DDC
UNANNS 7 0
Justi

Posssannacivavrsstonensvesansaresvnscnssdonnneinsn

BY . i
DISTRIE LT A AEE
IDist. 77l zou o

A




——

ABSTRACT

At the present time automotive test data relative to use and
operational environment is gathered by tachographs, analog tape re-
corders, and pulse code modulation (PCM) encoders. This project was
to develop a Vehicle Performance Recorder (VPR) to augment the existing
automotive test capability. The design objectives of the VPR were:
self-contained, analog and digital inputs, digital recording, program-
mable, not require an on site or skilled operator, 8-hour capacity, 0.1%
analog accuracy, 30-second time resolution, useable in US Army Aberdeen
Proving Ground (APG) environment, 28 VDC operation, and internal battery
operation. A unit which meets these objectives is described in detail.
The VPR uses a commercial cassette recorder and a custom controller to
provide a flexible, low-power consumption data acquisition system. A
description of alternative systems is also provided. It is concluded
that: a) commercially manufactured units now exist with a wide spectrum
of capabilities; c) the Army developed Vehicle Monitoring System (VMS)
may be available in the future; d) no single unit satisifies all possible
data acquistion requirements. It is recommended that a commercially
available unit be used if possible; if not then the VPR be used.
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SECTION 1. BODY

1. BACKGROUND

At the present time no single piece of instrumentation exists to _
gather use and operation environmental data during automotive testing. i
This type of data is important in determining that the same level of |
testing is applied to all vehicles and if properly analyzed should
aid in predicting and evaluating failures. The type of indicators
which are measured to provide this kind of information are listed in
table 1-1. Additional applications include human factors engineering
and vehicle course signature.

TABLE 1-1. USEAGE AND ENVIRONMENTAL

INDICATORS
0il temperature Clutch operations
0il pressure Brake applications
Cooling system temperature Time spent in each gear
Ambient temperature Average speed
Electrical load Average acceleration
Average rpm Peak acceleration

Shock/vibration

Tachographs are presently used to gather data on some of the i
indicators. However, the tachographs are not completely satisfactory
since they are low resolution devices which must be analyzed by hand.

At the other end of spectrum analog tape recorders and pulse code
modulation (PCM) encoders are used when high-frequency, high-resolution,
multichannel data acquisition is required. These instruments are very
expensive, require an operator in attendance, and the analog recorder
tape must be digitized before analysis can take place.

In order to bridge the gap between these extremes and augment the
automotive test capability, a program to develop a vehicle performance
recorder (VPR) was initiated.

2. OBJECTIVES

The objective of this program was to develop a data acquisition
system for automotive testing which had the following characteristics:

a. Self-contained in a single enclosure which can be moved and
installed by a single individual.

b. Able to accept both analog and uigital transducer inputs.




c. Record the data in a digital format so that processing will be
expedited.

d. Be programmable in terms of number of channels, type of
channels (analog or digital), sequence of channels, and data rate.

e. Capable of unattended operation.
f. Not require a skilled operator.
g. Able to accept data for 8 hours without intervention.
h. 0.1% analog accuracy (acquisition system, not transducers).
i. Capable of 30-second time resolution.
j. Capable of operation in the standard test environment.
k. Able to operate from standard vehicle power (28 VDC) or
from internal battery for up to 8 hours.
3. DETAILS OF PROJECT
3.1 RECORDING SYSTEM DESIGN

3.1.1 Selection of a Storage Medium

The two practical storage mediums available when the design began
were solid-state memory and magnetic tape. Magnetic tape was chosen
because it offered more storage per unit volume and more storage per
unit power consumed than the solid state memory. In addition, the tape
can be removed easily for the data analysis whereas the solid state
memory cannot (a separate field retrieval capability would have to be
supplied). The disadvantages of the magnetic tape are the maintenance
of the recording mechanism, the cost of the tape itself, and the
possiblility of data dropout.

3.1.2 Selection of a Recorder

Once the decision was made to use magnetic tape, an evaluation of
commercial recorders was made. The criteria considered were:

a. Size.
b. Power consumption.
c. Ease of interface.

d. Ease of operation.

Slaiainy el N il e i
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3.1.2 (Cont'd)
e. Ability to operate for 8 hours without intervention.

f. Environmental specifications.

The final choice was a Datel model LPS-16 write-only incremental
digital cassette recorder using complimentary metal-oxide semiconductor
(CMOS) electronics. The LPS-16 contains a 16-channel analog multiplexer
and 12-bit analog to digital (A/D) converter for analog processing plus
a separate input port for digital information. Some of the manufacturers
specifications are:

a. Size: 4 by 4-1/2 by 7-1/2 inches (10.2 by 11.4 by 19.0 cm).

b. Power: 12 VDC; 80 milliamperes when recording, 10 microamperes
during standby.

c. Temperature range: =-10° to 60° C (14° to 140° F).

d. Relative humidity: 10% to 95%Z without condensation.

e. Weight: 2 pounds (9.1 kilograms).
f. Storage capacity: 120,000 16-bit words.

g. Data recording rate: five 16-bit words per second maximum.

Complete specifications and operating procedures are in reference 1.

The use of a standard tape cassette makes loading and operation
easy. The use of external CMOS control circuitry makes the interface
to the recorder straightforward. At a recording rate of four words
per second, unattended recording for 8 hours is possible. The use
of CMOS electronics and incremental recording keeps power consumption

figure 3.1-1.

low so that battery operation is possible. A picture of the LPS-16 is in

el e o




Figure 3.1-1. Cassette recorder used in VPR.

3.1.3 Controller Design

The recorder contains all of the electronics for A/D conversion
and writing on tape. However, an external controller is required to
provide system timing, sample rate selection, and number, sequence,
and type of channel selection. The primary considerations in the
controller design were:

a. Use of CMOS electronics, where possible, to ensure interface
compatibility with the recorder.

b. Keep power consumption as low as possible.

c. Keep size as small as possible.

d. Provide as much flexibility in control as possible.

The important features of the controller design which evolved are:

a. A crystal controlled oscillator with dividers to provide a
precise clock for the system.




b. An externally addressable programmable read-only memory (PROM)
to provide channel number, sequence, and type control.

c. A digital control bus which allows digital data cards to be
inserted in any card slot or several digital data channels to be placed
on the same circuit card.

No CMOS compatible or other low power consumption PROMs were
available for use on the VPR. Therefore, it was necessary to use
standard fuseable link bipolar PROMs. In normal use, these PROMs are
not CMOS c:apatible and have a very high power consumption which is not
desireable. However, a special pulsed power mode of operation was
developed which allows these PROMs to operate at a few-thousandths of
their normal power consumption. Low power or pulsed power interfacing
was also utilized.

3.1.4 Power Supply Design

Two of the original objectives were to allow for 28 VDC vehicle
power or for internal battery power. The use of CMOS electronics and
incremental recording ensures low power consumption. A 12-volt,

4 .5-ampere-hour rechargeable battery was chosen for use as the system
battery. This capacity battery will supply the recorder, the controller,
and signal conditioning for 8 hours at the highest sampling rate (longer
periods at slower sampling rates are possible). A series regulator
circuit was chosen to reduce the 28 VDC vehicle power to 12 volts for
charging the battery and operating the electronics. When vehicle

power is used, the battery remains in the circuit to reduce the effects
of vehicle power system noise upon VPR operation.

3.1.5 Total System Configuration

A block diagram of the complete VPR system is in figure 3.1-2.
The specifications for the VPR are:

a. Size: 13 by 17 by 11 inches (33.0 by 43.1 by 27.9 cm).
b. Weight: 15 pounds (6.8 kilograms).
c. Number of Data Channels: Programmable from 1 to 16.

d. Type of data channels: Programmable for analog or digital in
any mixture which does not exceed 16 total channels.

e. Sequence of data channels: Programmable to provide any
random or sequential scheme of up to 256 =teps desired.

f. Program start address: Selected by a switch register to any
value between 0 and 256. Thus, many short data acquisition programs
may be stored on a single PROM and addressed by the switch register or
only a portion of a program may be selected.

7
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3.1.5 (Cont'd)
g. Data recording rate: Eight switch selectable values from
4 Hz to 0.03125 Hz in binary steps.

h. External power: When used, 18 to 28 VDC at 0.8 amperes maximum.

i. External digital input: Up to 12 bits, positive-true, CMOS
compatible data for each channel. A digital formatter circuit is
required for each digital channel.

j. External analog input: 5 volts full scale with +10 volts
maximum overload. Digitized to 12 bit 2's complement format.

A picture of the VPR is in figure 3.1-3.

Figure 3.1-3. Vehicle performance recorder.

Operation of the VPR involves the following steps:
a. Determine the channel type, number, and sequence.

b. 1Install the appropriate digital and analog input circuit cards
in the VPR.

c. Program the PROMs with this control sequence and install in the
VPR.




d. Set the data recording rate switch and the PROM start address
to the appropriate values.

e. Install the VPR on the vehicle.

f. Connect the vehicle transducers to the VPR.

g. Insert a cassette tape cartridge in the VPR recorder.
h. Turn the VPR on when ready to take data.

i. When cassette is full or test is finished, turn off power and
remove cassette.

With the exception of the recorder, all circuitry was designed and
fabricated in-house. A system interconnection diagram, schematic dia-
grams, detailed circuit description, and PROM programming instructions
are in appendix B.

3.2 PLAYBACK SYSTEM DESIGN

3.2.1 Cassette Reader |

A special cassette tape reader is required to read the data from
the tape. A Datel LPS-16R was purchased for this requirement. The
LPS-16R reads the data off the tape, formats it into a 16-bit word, and
provides a word sync pulse when the data is valid. A complete |
description of the LPS-16R is contained in reference 2.

3.2.2 Computer Compatible Tape Unit |

The LPS-16R will read a full tape in approximately 20 minutes at
a rate of 94 words per second. This rate is too slow for connection
directly to a computer. Therefore, a 9-track, 800-character per inch,
computer compatible write-only tape deck and an interface to the LPS-16R
were purchased. A description of the tape deck is in reference 3 and
a description of the interface unit is in reference 4. Approximately
80 cassette tapes can be stored on a standard magnetic tape.

The procedure for transferring data from the cassette to the
standard tape is:

a. Mount the standard cassette tapes and set to load point.

b. Set the header switches on the interface unit to the desired
header. 4

c. Press the run button.

d. When the transfer is completed, the unit will automatically s
shut off.

10




e. The cassette can be removed and another cassette loaded for
transfer to the same standard tape.

A picture of the playback system is in figure 3.2-1.

|
i
i
F |
?
K[
i
|

(?Ii-‘ AV vy

i s i a5 Gt

wv.._,

Figure 3.2-1. VPR playback system.

3.2.3 Readout Unit

f The computer compatible tape unit is useful once the system has
been fully checked out. However, during initial setup and testing, the
sequence is too time consuming for efficient field use. For this reason,
a separate readout unit which connects directly to the LPS-16R was
developed. The readout unit contains a channel address display and

a data display along with a push button to advance the tape one word

at a time. The channel address display provides the decimal channel

I number (0-15). The data display provides a decimal number in the

' range -2048 to +2047 which must be multiplied by a scale factor to

‘ convert to the actual input units. The unit contains no memory or

= word counter so it is not useful for long data searches. But it does

11




provide sufficient information to allow checking that the correct PROM
program is operational and that the input tranducers and signal condi-
tioning are working properly.

A picture of the readout unit is in figure 3.2-2. Details of
the readout unit are in appendix D.

TR
. (A i
P YN

Figure 3.2-2. VPR readout unit.

3.2.4 Calculator Interface

During the field testing of the VPR, it became apparent that a

faster turn around and more flexible processing technique were desirable.

To achieve these goals the LPS-16R was interfaced to a Hewlett-Packard
9825 calculator. This interface allows data to be read from the
cassette tape into the calculator memory for immediate processing and
analysis.

Details of the calculator interface are in appendix E.

3.3 DATA INTEGRITY TEST
A major problem with digital recording is that a single bit error

in a word can drastically change the value of the digital word.
Generally, parity checks and/or read after write techniques are applied
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to reduce the effect of errors. However, the LPS-16 does not employ
any of these techniques. The manufactursr specifies the bit error rate
of the LPS-16 and LPS-16R as 1 bit in 10’ each while the remainder of
the playback system is rated at 2 bits in 107. For the entire system
the bit error rate is roughly ] error per full cassette.

A test was conducted to determine if the actual error rate agreed
with this value. The test was carried out by placing a known voltage
at the analog input to the VPR. The system was allowed to record until
the cassette was full or nearly full. The data on the cassette was
transferred to a standard tape using the playback system. A computer
program then examined the data to determine that the channel address
and data value were as expected.

In general, the last word on a file was in error. This occurs
because when the recorder is shut off or runs out of tape it may be in
the middle of recording a word. The word is truncated which results in
the error. These errors were not counted as bit errors.

Occasional errors in the first word or two on a file were found.
These errors appear to be the result of loose tape. These errors were
not counted as bit errors. Based on these observations, the first and
last words on a file should be disregarded.

In addition to the errors at the beginning and end of a file three
words were found to be in error out of 710,070 total words recorded.
The difference between the words with errors and the correct words was
examined. None of the errors resulted from a single bit error, but
rather from multiple bit differences with shifts of the entire word.
Thus, the errors appear to result from a hardware malfunction or tape
imperfections longer than one word.

An additional test was carried out with the VPR mounted on a
shaker to simulate vibration during data acquisition. A 17.5 Hz
sinusoidal waveform at a 1 g level was applied (separately, not
simultaneously) to the x, y, and z axis of the VPR. No errors above
what was expected from the nonvibrational tests were found.

3.4. EXAMPLES
3.4.1 Time In Gear

For this test a switch plate was attached to the gear shift of an
M35 truck. The switches activated logic circuitry on a signal condi-
tioning card located in the VPR which provided a digital word for
recording. A thumbwheel switch operated by the driver was also included
to allow coding the particular test course in use. The switches were
sampled at the rate of once per second.

13
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3.4.1 (Cont'd)

Analysis was carried out on the 9825 calculator.

written which counted the number of times a gear was used and the

amount of time spent in a particular gear.

output is in figure 3.4-1
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3.4.2 Vehicle Data

For this test an M151 vehicle was instrumented to measure speed,
rpm, battery voltage, brake use, engine temperature, and engine oil
pressure. Speed, rpm, and brake use were processed in a digital format
by the signal conditioning cards. The other parameters were processed
in an analog format. The data rate was two samples per second.

Analysis was carried out on the 9825 calculator. A program was
written which processed the raw data to convert it to engineering units,
find maximum, minimum, and average values, and plot or list the results.
A sample of the program output is in figure 3.4-2. Plots of a portion
of a test are in figure 3.4-3.
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Figure 3.4-2. Sample of program output for six channels of vehicle
data.
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3.4.3 Long-Term Unattended Operation

As an example of the long-term unattended data collection capability
of the VPR, two analog temperature channels were recorded over a 4.5-day
period. One recorded the indoor temperature and the other the outdoor
temperature at building 370. The sample rate was one channel every 32
\ seconds. Data collection was automatic once the VPR was started. The
i plot is in figure 3.4-4.

40.000
i

30.000

20.000

TEMP DEG C
10.000

000

OUTSIDE

T T T A T - T
000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500
DAYS

e
-10.000
(S

| Figure 3.4-4. Plot of temperature data collected on VPR.
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3.5 RECOMMENDED MODIFICATIONS

During the testing of the VPR several deficiencies were discovered
in the system. If additional systems were to be built, modification of
the VPR to correct these problems would be advantageous. The suggested
modifications are:

a. Use a 16 VDC battery for internal power with an additional
series regulator to provide a constant operating voltage for the LPS-16.
The offset and gain of the analog input of the LPS-16 are a function of
supply voltage. The internal battery voltage changes with time resulting
in some inaccuracy in analog voltage measurement.

b. Modify the LPS-16 to provide a continuous power supply to the
analog multiplexers. The analog multiplexer power supply is turned on
only when a data sample is taken to reduce power consumption. In the
on state the input impedance is 100 megohm; in the off state the input
impedance is 10 kilohm. The change in impedance presents problems to
some transducers.

c. Include a negative power supply in the VPR package. Many
transducers and/or their signal conditioning require a negative supply
voltage.

d. Utilize a CMOS PROM in place of the bipolar circuity. Although
a suitable CMOS PROM is not presently available, continual advances ;
in technology point to availability in the near future. 5

e. Develop a better back plane for the system. The present back
plane couples noise from digital channels into the low level analog
channels.

f. Use hexadecimal coded thumbwheel switches for the START
ADDRESS rather than the octal switches to match the PROM addressing.

3.6 COMMENTS

Although the technology utilized at the start of the project was
close to the available state-of-the-art, rapid changes in technology
have advanced the present state-of-the art. In particular, the develop-
ment of CMOS microprocessors, low power solid state memory, magnetic
bubble memory, and higher density cassette recorders make possible the
development of more sophisticated and higher capability data acquisition
systems than the present VPR. As a result, a number of commercial
manufacturers have introduced products which provide a wide variety of
data acquisition configurations. However, most do not have the program-
ming or interfacing flexibility or the digital data handling capability
of the VPR. Table 3.6-1 lists several of the commercial systems avail-
able. The list is not intended to be inclusive, only to provide a sample
of the type of commercial systems available.

ki
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TABLE 3.6-1. SAMPLE COMMERCIAL DATA ACQUISITION SYSTEMS

A.D. DATA SYSTEMS, INC. - Model ML-10 '"Minilogger'. 10 analog
input channels, 8 bit accuracy; 32 digital input bits; cassette
recorder; stand-alone battery operation; real time clock; internal
LCD display of time and data; RS-232 output; input range switching;
-5° C to +55° C; 8 pounds; 14 X 32 X 30 cm (HWD).

DATEL SYSTEMS, INC. - Mc '»1 DL-2 Datalogger - 64 analog input
channels, 12 bit accuracy, 36 digital input bits; cassette recorder;
stand-alone battery operation; real time data clock; -20° C to

+70° C; 20 pounds; 31 X 31 X 25 cm (HWD).

DIGALOG SYSTEMS INC. - Model DLI 203 - Data Acquisition/Record/Play-
back System - up to 128 analog input channels, 12 bit accuracy; 16
digital input bits; cassette or nine track tape recorder; real time
clock; keyboard and display; RS-232 output; sample rate over 1,000
per second; microprocessor control; flexible programming; 100 pounds;
75 X 49 X 36 cm (HWD).

DYNATECH MICROSYSTEMS - Model 6201/6205 - Microprocessor/Cassette
Data System - up to 128 analog input channels, 10 bit accuracy;
32 digital input bits; cassette recorder; real time clock; LED
display of time and data; RS-232 output; input range switching;
microprocessor control; 35 pounds; 28 X 49 X 41 cm (HWD).

ELECTRO/GENERAL CORP. - Model 401 '"Datamyte' - One analog input
channel, 8 bit accuracy; 3 totalize inputs; solid state memory
(battery backup); run time clock; RS-232 output; microprocessor
control; -40° C to +60° C; 5 pounds; 8 X 19 X 19 cm (HWD).

MTS SYSTEMS CORP. - Portable Data Analyzer - 8 analog input channels,
12 bit accuracy; cassette recorder; solid state memory (battery
backup) ; RS-232 output; keyboard and display; microprocessor control;
-28° C to +49° C; 35 pounds; 26 X 46 X 31 cm (HWD).

ROCKWELL INTERNATIONAL - Tripmaster Instrumentation System - A
complete system including sensor set (36 parameters available)
microprocessor based data acquisition unit (solid state memory),
data retrieval unit (cassette), and software package. Designed
specifically for automotive applications.

ROCKWELL INTERNATIONAL - Tripmaster Trip Recording System - A complete
system to monitor road speed and engine speed plus one other parameter
including sensor set, microprocessor based data acquisition unit
(solid state memory), data retrival unit (cassette), and software
package. Designed specifically for automotive applications.
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In addition, the US Army Tank-Automotive Research and Development
Command (TARADCOM) has supported a $1 million contractor development
effort for a Vehicle Monitoring System (VMS). The VMS includes a
sensor set, a microprocessor based data acquisition system, data
transfer unit, and a software package. VMS is designed to provide use,
condition and maintenance information on a vehicle in the field. Ini-
tially, the VMS is targetted for the M35A2 and M113Al vehicles. A single
prototype has been constructed and is presently undergoing evaluation
at APG. The VMS is similar in concept to unit 7 of table 3.6-1 except
that it is specifically designed to meet the requirements of military
vehicle evaluation. However, a decision to begin production on VMS is
probably 1 year away with projected delivery at least 2 years away.
Final cost and availability to APG is unknown.

The cost of additional copies of the VPR is estimated to be $2,500
for parts and 240 man-hours for assembly (single copies).
4. CONCLUSIONS

It is concluded that:

a. The VPR provides a flexible data acquisition system which
satisfies a wide variety of measurement requirements.

b. A number of commercially manufactured units with a wide spectrum
of capabilities also exists.

c. The army-developed VMS may possibly be available in the future.

d. No single unit satisfies all possible data acquisition problems.

5. RECOMMENDATION
It is recommended that a commercial design of programmable vehicle

performance recorder be procured in a quantity and configuration that
will satisfy proving ground measurement needs.
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SECTION 2. APPENDICES

APPENDIX A - REFERENCES

1. "LPS-16 Cassette Data Logger Imstruction Manual,'" Document Number
LPSBM01401, Datel Systems, Inc., Canton, MA.

2. "LPS-16R Interface Manual," Datel Systems, Inc., Canton, MA.

3. "1300/1500 Operation and Maintenance Manual," Digi-Data Corporationm,
Jessup, MD.

4. "pigital Recording System Technical Manual QSI Model 108," Quad
Systems, Inc., Rockville, MD.

5. "Series 90 Prom Programmer Operating Manual,' PRO-LOG Corportation
Monterey, CA.
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APPENDIX B - DETAILS OF VPR HARDWARE

: Control Card 1 Circuit Description B-2
2 Control Card 2 Circuit Description B-4
! Controi Card Layout Diagrams B-7
; Control Card Wire Lists B-9
; Edge Connector Lists B-14
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CONTROL CARD 1 DESCRIPTION

Control card 1 generates the system clock and system timing signals.
A block diagram of the circuitry on control card 1 is in figure B-1.

38.4kHz
CRYSTAL
CONTROLLED
OSCILLATOR
U13A

STATUS «@x»—,_

SYSCLK &

START2 ¢t

MSMV
16 sec
U7A

WRTCLK ¢
RCRDGP « U154

DIGIT ¢

+12VDC

Figure B-1.

S 4 Hz
2 H
PROGRAMMABLE e . HZ
BINARY COUNTER —> Z
+9600 BINARY —> % Hz
U11 COUNTER - % Hz
us L5 1/8 Hz
|3 1/16 Hz
‘ L 1/32 Hz
U15B U13 —-Q u1sc \, - DGCLK
5 GCLK
MSMV
36 ger » CTRRST
8 U7B Q
—» SRLOAD
MSMV MSMV
U15sD i 0.5msec Q 0.7msec Qp—> DEDCLK
J USA U5B
» LDFWRD
—» PWRON

Block diagram of control card 1 circuitry.

U13A forms the active element of a 38.4 kHz crystal controlled

oscillator.

Ull is a programmable binary counter which divides the

clock by a factor of 9,600 to generate the basic 4Hz system clock.
By changing the programming pins of Ull other clock frequencies can be

obtained.

provide seven lower frequency clocks.

The 4Hz clock is divided in binary increments by U9 to

U13E, U15B and Ul3F gate STATUS with SYSCLK to generate GCLK which
inhibits a conversion while the LPS-16 is writing a file gap.
propagation delay of Ul5C is used to delay GCLK to produce DGCLK.
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START 2 is an output of control card 2 which initiates the re-
cording of a digital data word. Monostable multivibrator (MSMV) U7A
is triggered by the rising edge of START 2 to generate a l6-microsecond
pulse SRLOAD. SRLOAD goes to the digital data bus where it is used to
load shift registers which transfer digital data from a parallel format
into a serial format required by the LPS-16. The falling edge of SRLOAD
triggers MSMV U7B which generates another l6-microsecond pulse CTRRST.
CTRRST goes to the digital data bus where it is used to reset counters.

WRTCLK and RCRDGP are gated by Ul5A to produce a set of 16-bit
clock pulses. The 16-bit clock is gated with DIGIT by Ul5D so that the
16-clock pulses are fed to USA only when digital data is to be recorded.
MSMVs USA and U5B delay the 16 gated clock pulses by 0.5 millisecond
to provide DEDCLK. DEDCLK is used as a clock for the shift registers
on digital data cards.

An R~C time constant combined with U13B and Ul3C generate a 10-
second pulse PWRON which is inverted by Ul3D to generate LDFWRD.
LDFWRD goes to the LPS-16 to load forward the cassette tape to eliminate
slack. PWRON resets the presettable counters on control card 2.

All inputs to contol card 1 are pulled up to the positive power
supply by 120-kilohm resistors.

Control card 1 was wire-wrapped on a Cambion 715-1005-01 type card.
Component carriers were utilized to mount discrete components.
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CONTROL CARD 2 DESCRIPTION

Control card 2 generates the channel addresses and control signals |
necessary to operate the LPS-16. A block diagram of the circuitry on
control card 2 is in figure B-2. |

@ +12V © +12V § +12v
PRSTR ¢ oo oot o | L | DATA
« —
- t— u—-__—_’
erers 1 TREAET so A aporess [ TrL  [JuATcHEs fEe
q pme 1R NS erew’ 3or00 WOz P—————scHaDR1
PRST2 4 BINARYR S AINs 97 aH cMos f{————————>CHADR2
PRST3 ¢ coggzs it CON- H L S ORADRS
u1e i '
U22 U1s U13
PRST4 - q " ” us 5 Q »DIGIT
4 1 CONTROL .| | o DATSEL
PRSTS ¢ IR PROS LAl &
PRST6 = el ¢ i i, TS,
a % >
PRST7 ¢ s Al | §

CLK PRST CLK
| U14D }» CONVRT
GCLK ¢— MSMV

‘ 0.98msec Q
a—
PWRON™ 13148 U21B +6V
MSMV
DGCLK€-{;U1HA 0.86msec
U21A
: SERIES
3 —o
i REGULATOR Ll

Figure B-2. Block diagram of control card 2 circuitry.

U22 and U24 are connected as an 8-bit presettable binary counter.
PRST# through PRST7 are the preset lines which are connected to the
front panel start address switches. PWRON or an internal preset are
gated by Ul4B to initialize the counter to the values on the preset
lines. The counter is incremented by GCLK.

The output lines of the counter go to Ul5 and Ul6 where the CMOS
levels are converted to transistor-transistor logic (TTL) levels re-
quired by PROM's U7 and US.
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U7 and U8 are bipolar fuseable link PROMs organized in a 256-word
by 4-bit structure. All inputs and outputs are TTL compatible. The
8 bits of address required for the 256 words are provided by Ul5 and Ul6.
U7 stores the 4-bit address required by the LPS-16 analog multiplexer
and the digital channels. Only 2 bits of U8 are used for control pur-
poses. One bit selects analog or digital recording and the other bit is
used to reset the address counters. The outputs of U7 and U8 are open
collector.

The address and control bits are converted back to CMOS levels by
U5 which is a TTL hex inverter with open collector outputs.

Since U5, U7, and U8 are bipolar they would normally present a
large load on the power supply. However, by turning the power on for
only a very short period of time and storing the data into a low-power
dissipation CMOS data latch, the total power dissipation can be kept
small. GCLK triggers MSMV U21B to generate a l-millisecond pulse which
turns on power to U5, U7, and US8.

The outputs of U5 are stored in CMOS data latches Ul2 and Ul3. The
clock which strobes the data into the latches is provided by Ul4A and
U21A. The Ul4A provides an additional delay in DGCLK which triggers
MSMV U21A to generate a pulse shorter in length than that produced by
U21B. The delay introduced by Ul4A and the shorter pulse generated by
U21A guarantee that the data strobed into Ul2 and Ul3 is valid. A
timing diagram of the pulse relationships is in figure B-3.




GCLK-F® @® U22 & U23 increment here.
o

=

DGCLK ® 75nsec
Y
)
=
Power '
to US, | © 115nsec(U21B)
u76U8 | &
[ ' |
! |
Outputs 1 >
of U7 & | ® 80nsec(70nsec U76U8 +
U8 valid' | 10nsec US)
P ¥ @
'
™ ® 190nsec(115nsec U21B +
75nsec Ul4A)
é‘i;g: —@® ® 70nsec
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Conversion starts here.

Figure B-3. Control card 2 timing diagram. 1

The analog/digital control bit of Ul3 is gated with the output
pulse of U21A in Ul4C or Ul4D to generate a digital (START 2) or analog
(CONVRT) conversion pulse.

A series regulator is used to produce the +6VDC required by Ul5,
uUl6, U5, U7, and US. i

Inputs PRST@ through PRST7 are pulled down to power supply ground
by 120-kilohm resistors. All other inputs are pulled up to the positive
power supply by 120-kilohm resistors.

Control card 2 was wire-wrapped on a Cambion 715-1011-01 type card.
Component carriers were utilized to mount discrete components.
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14 pin IC's are installed, the
two extra pins are not‘counted;
so the wire list gives IC pin
numbers not socket numbers.
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PROM PROGRAMMING INSTRUCTIONS

Two PROMs are used on the control card. One provides the channel
address (4 bits) and the other provides the control bits (2 bits). Two
bits on the control PROM are not used. To code the PROM properly, the
first step is to determine the channel sequence desired for the test
and whether the channel is analog or digital. Next, determine the first
available address of the PROMs to be programmed. Enter this on the VPR
PROM PROGRAM SHEET (see page B-21). Also, enter the start address at
] the appropriate point in the first column of the table. Starting at

this point enter the channel address in hex, the analog (=1) or digital
(=0) control bit, and the continue (=0) control bit in the table. After
all channels are entered, the next address is set to the channel address
and analog/digital control bit setting of the start address channel, but
the reset (=1) control bit is set. The control bit settings are then
converted to hex. .

Once the table entries are completed, the PROM may be programmed
using the PRO-LOG Series 90 programmer with personality module for a
3601 PROM. Instructions for doing this are contained in reference 5.
The PROMs used are fuseable link, so if a mistake is made or changes
are required, a new section of PROM may have to be programmed. The un-
programmed state of the PROM is a 0. Once a 0 is changed to a 1, it can
' never be reversed. However, a 0 may be changed to a 1 at any time to
i correct or modify a program.

An example program sequence is shown coded on the VPR PROM PROGRAM
SHEET. The first available address was 3C(hex). The desired sequence
was (channel number/Analog or Digital): 4A, OA, 4A, 8D, 4A, 13D, 4A,
0A, 4A, 8D, 4A, 14D, 4A, OA, 4A, 8D, 4A, 13D, 4A, OA, 4A, 8D, 4A, 15D,
Reset. If the basic rate is R, then channel 4 .is sampled at R/2, channels

é} 0 and 8 at R/6, channel 13 at R/12, and channels 14 and 15 at R/24. The

i program uses 25 memory positions. 1
i

|

| 3
{

i

H

|

i
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VPR PROM PROGRAM SHEET
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CTRL
WORD
HEX

PROM
ADRS
HEX

CHNL
ADRS/
TYPE

CHNL
ADRS
HEX

CTRL
BITS
R=1 A=l

CTRL
WORD
HEX

o

HA
0A
%A
8D

*|[e— W

44
13D
44
04

="~ =

4A
8D
44

14D

Y%A
OA
%A
3D

4A
13D
4A
OA

Nie

4A

3D

YR
15D

S

At A AR

NSO WVEWIV—=OMMOO|EP COINOIULERWIV—OIMMUOCO|®E - O X~ Wt —

N0 £|OFOF[(REOF |IMF oFOFpE(w+C £

—loCcoco@Ccocloocc|coCceloCSCcolnc 0 G

-lo-%"F-¢c-lo---j0-0-F~-

wlo-—o-|--c-lo---jc-0-|--0-|o- --

"!NUOW}\DO\IO‘U‘&‘&»N'—'O’T}F}UOWP\DO)\JO\U\L\MM—-O'HNUOw>\0m

B-21

(Page B-22 Blank)




S o R

APPENDIX C - PLAYBACK SYSTEM DATA FORMAT

The output of the LPS-16R is a parallel 16-bit word. The computer
compatible tape unit records 8-bit bytes. The tape unit adds an 18-byte
header as the first record of the file. A full record contains 2,048
bytes while a partial record will contain at least 18 bytes (padded with
zeros to get 18 if necessary). There is no limit on the number of rec-
ords a file may contain, but there will always be a minimum of two
records (a header record plus one data record).

The format of the header byte is 12480000 where the 1, 2, 4, and 8
refer to the binary coded decimal (BCD) value of the header digit and
the four least significant digits are always 0. Bytes 1 to 10 contain
the ten possible header values and bytes 11 to 18 are all zeros.

The format of the first byte of a data word is 4567896% where 4, 5,
6, 7, 8, 9, 10, and 11 are the bit numbers of the 12-bit 2's-complement
data word. The format of the second byte is ABCD0123 where 0, 1, 2, and
3 are the remaining bit numbers of the 12-bit 2's-complement data word
and A, B, C, and D are the four address bits with binary weights of 1,
2, 4, and 8 respectively. The 2's-complement data for an analog channel
is decoded as

it
109876543210
100000000000 +5.0000V
110000000000 +2.5000
111111111111 +0.0024
000000000000 0.0000
000000000001 -0.0024
001111111111 -2.5000
011111111111 -4.9976
c-1
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APPENDIX D - DETAILS OF READOUT UNIT

A block diagram of the readout unit is in figure D-1. The LPS-16R
inputs and outputs are TTL compatible so the readout unit was constructed
using TTL devices. The four address lines go directly to a binary to
binary coded decimal (BCD) converter. The converter drives a latched
display which holds the address until the next word is out»:t. The data
4 lines are coded in 2's-complement format. The most significant bit in-
dicates the sign of the data. This bit is used to drive eleven gated ,
inverters which invert the other data bits if the sign is negative and g
f do nothing if the sign is positive. Thus, the 2's-complement data is i
4 converted to straight binary plus a sign bit. The binary data then goes
to a binary to BCD converter which in turn drives the data display. The
WORD SYNC signal from the LPS-16R is used to latch the data and address
displays. A push button on the front panel of unit is connected to a
monostable multivibrator which generates a short pulse to advance the
LPS-16R to the next word on tape when desired. 3

In order for the LPS-16R to read a single word from tape, a file
gap must be recorded after every word. This is accomplished by setting
f the proper jumper on the formatter card of the LPS-16. With a file gap
written after every word the maximum recording rate is two channels per
second and a tape will hold only 60,000 words. If the file gap is not
set for a gap after every word, the readout will display only the last
word in the file.
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Figure D-1. Block diagram of readout unit.
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APPENDIX E - DETAILS OF CALCULATOR INTERFACE

A block diagram of the calculator interface is in figure E-1, A
Hewlett-Packard 98032A 16-bit parallel interface card is used with the
9825 calculator. All inputs and outputs of the 98032A are designed to
work with open collector TTL ICs. The inputs and outputs of the LPS-16R
are not open collector compatible. The 16 data lines from the LPS-16R
are buffered by open collector drivers before going to the 98032A.
Reading of data is initiated by setting CTLO of the 98032A high. This
action resets the pulse counter and turns on the EXT START line of the
LPS-16R which begins the reading process. As each word is output, the
WORD SYNC increments the counter and is buffered by an open collector d
driver setting PFLG which tells the interface to latch the data. After
2,040 words are output by the LPS~16R, the counter output goes low, i
turning off the EXT START which stops the LPS-16R. At the same time,
the EXT START signal is gated to EIR which tells the calculator the data
transfer is complete. The calculator may then process the 2,040 words.

If the end of data is reached before 2,040 are counted, a missing pulse
detector combined with a 3-second delay circuit triggered by EOF detects
this and is gated to EIR to tell the calculator the data transfer is
complete.

Y
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#Open~collector buffer
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! from
‘ LPS-16R)
MISSING 3 SEC.
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Figure E-1. Block diagram of calculator interface.
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APPENDIX F - ABBREVIATIONS

analog to digital

binary coded decimal

complimentary metal oxide semiconductor
monostable multivibrator

pulse code modulation

programmable read-only memory
transistor-transistor logic

vehicle monitoring svstem

vehicle performance recorder
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