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CHAPTER 1
INTRODUCTION

Highvsoil strength and high bulk density have been
shown to be the most significant soil physical properties
that reduce crop yields. Thus a fast accurate method of
determining whether a problem exists in a particular soil
type is needed for tillage research and research involving
yield trials. A cone penetrometer measures soil strength
and its use has been shown to exhibit relatively fast and
reproducible tests in the field. Cone index is an index
of soil strength which is defined as the force, per unit
base area of a 30° circular cone, required to force the
cone through a small increment of soil and is expressed in
kilopascals (kPa).

A study conducted by Carter et al., (1968) showed
that cotton yield was significantly reduced by increasing
soil strength and bulk density. Yield decreased linearly
with increases in bulk density. A 50 percent reduction in
yield was found from an increase in bulk density from 1.48
to 1.58 grams per cubic centimeter, corresponding to a
change in soil strength at field capacity moisture content

from 923 kPa to 2240 kPa. The state of the soil can be



measured most quickly by using a cone penetrometer. How-
ever, soil strength is affected by a number of parameters
including soil moisture and bulk density. . Thus one single
penetration may not be completely descriptive of soil
strength and state.

Taylor and Gardner (1963) found cotton root growth
was severely limited when the porosity or air content
dropped to 10 percent and cone penetration resistance
increased to 2140 kPa. A root tip can develop pressures
exceeding 1000 kPa by the root growth mechanism, but
nutrient supply, oxygen content, and water limit growth in
highly compacted soils.

There are many limitations to be recognized with the
use of a cone penetrometer to indicate soil bulk density.
Soil bodies can develop ahead of the cone which changes
the geometry and therefore resistance to penetration. The
shaft of the penetrometer can interact with the soil for
very high and low moisture contents, thus increasing the
resistance tb penetration. Until more is known, penetrom-

eters are useful for comparative measurements on the same

soil at the same moisture content with the same rate of
penetratiqn. The best time for measurement is at field
capacity moisture content.

In the past many recording penetrometers used X-Y
plotters. Plotter use was slow and calibration was a
problem. Processing data from X-Y plots was a very time-

consuming task. To greatly reduce this processing time, a



microcomputer was used to record penetrometer lateral
position, depth, and cone index on a 20 character printer
and on magnetic tape. The soil strength profile was then

plotted using the Statistical Analysis System (SAS)l_

procedure GCONTOUR.

1SAS Institute Inc. Box 8000, Cary, North
Carolina.



CHAPTER II
OBJECTIVES

1. Develop a system of measuring, recording, and
plotting soil strength, as measured by a cone penetro-
meter, in the form of a contour map of soil strength.

2. Verify the system on a specific soil to examine a
soil strength profile, and statistically plot the strength

versus depth.,



CHAPTER III
LITERATURE REVIEW

The cone penetrometer appears to be the most widely
used instrument for determining soil strength in situ,
despite the theoretical shortcomings of cone resistance
measurements. Anderson (1980) believes cone penetrometers
will continue to be widely used for many years. Increased
emphasis has been recently received for the importance of
soil mechanical properties in tillage research (Reece,
1977; Pidgeon, 1978).

The disadvantages of cone resistance measurements
have been widely acknowledged (Mulqueen, 1977) and the
empirical nature of the data obtained is one of the major
‘drawbacks. However, useful empirical correlations have
often been obtained between cone resistance and crop'root
growth (Taylor and Ratliff, 1969; Taylor, 1971; Gooderham,
1973; Houben, 1974; Bowen, 1976), vehicle performance and
mobility (Wismer and Luth, 1973; Turnage, 1972; Wells and
Treesuwan, 1977) and the compactive or loosening effects
of wheels or tillage implements (Dumas et al., 1975; Soane

et al., 1976; Voorhees et al., 1978; Cassel et al., 1978).



There are many different types of penetrometers rang-
ing from simple, inexpensive hand-held devices (Soane et
al., 1971; Howson, 1977) through electronic hand-held pene-
trometers (Prather et al., 1970) to complex vehicle-
mounted systems (Brown and Anderson, 1975; Smith and
Dumas, 1978). All these types have disadvantages in field
use. Vehicle-mounted types are usually expensive, heavy
and limited to taking measurements in bare soil or in
small growing crops. When using hand-held devices, one
may have problems controlling penetration rate, accuracy
of measuring force and depth, recording of raw data and
access to recorded data. Anderson et al., (1980) reported
few hand-held penetrometers were commercially available
and there was a lack of comparative studies of different
penetrometers. They developed a new hand-held recording
penetrometer and compared it to three existing types; a
Farnell hand-held penetrometer (Soane et al., 1971), an
electrically-driven constant-velocity recording penetrome-
ter (Brown and Anderson, 1975) and a cassette recording
hand-held variable velocity penetrometer described by
Spencer et al., (1977). The Farnell penetrometer was pro-
bably the most widely used field penetrometer in Britain
in 1980, but is described as non-recording since it
requires the operator to read dials during penetration.

The Anderson et al., (1980) penetrometer was composed
of a force sensing load transducer and a double window

optical system for depth measurement. The force seﬁsing



transducer was essentially a flexure parallelogram with a
strain-gauged center beam which had the advantages of
being sturdy and insensitive to side loads while having
good resolution for vertical loads, a high spring rate,
and a rapid response time. The transducer was a four-arm
active element temperature-compensated strain-gauge bridge
and the analog signal was amplified and digitized by the
combination of a voltage-to-frequency converter and a
gated counter. The gate timing was 100 milli-seconds so
the readings were effectively averaged over a small range
of depth. After counting, the number representing cone
resistance (resolution 1% of full scale) was stored in an
exclusive location prior to processing.

The maximum force had to be within the limits of the
operator to avoid the influence of the operator physical
strength and was taken as 500 Newtons. If the limit were
exceeded, an audible alarm warned the operator to stop the
stroke.

Defining a datum level for depth measurements was a
problem, particularly on rough soil surfaces, so a 15 cm
diameter base plate rested on the soil surface. Depth was
measured to an accuracy of +1 mm uéing a double window
optical system. An infrared source and detector unit was
mounted on the penetrometer top which passed by accurately
placed holes in an angle section metal rod that was‘

attached to the base plate. The metal rod could be



inter-changed for different hole spacings for specific
operator requirements. The double window arrangement
allowed the instrument to distinguish between upward and
downward movement, to avoid spurious readings when the
cone was withdrawn before reaching full depth.

The penetrometer could be operated in a single stroke
mode, without the programmable calculator, and the opera-
tor would record each force and depth by a push button
after each stroke. With the programmable calculator, data
from each stroke could be accumulated. The calculator
could then display or print for each depth the mean cone
resistance, standard deviation, and the number of strokes
recorded at that depth. 1In stony or hard soils, the num-
ber of strokes recérded at each depth would vary and thus
the cone resistance at each depth may have had non—normal
probability distributions.

Small rechargeable batteries powered the CMOS solid-
state electronic components and the low power liquid-
crystal display was readable under all ambient lighting
conditions.

A 12.83 mm diameter cone was used and calibration was
achieved by placing weights, one at a time, and recording
the load readings. Slight adjustment for zero was |
required in‘the field and sensitivity was sufficiently

stable in the field to not require recalibration.



To compare the four penetrometers, two trials were
carried out in a 25m x 2m x 0.5m soil tank using two dif-
ferent soil compaction profiles of homogenized loam
topsoil. One hundred strokes were made with each penetrom-
eter and each penetration of the four instruments was
essentially at the same time. Eight strokes (two for each
penetrometer) were made in a straight line across the soil
tank starting 25 cm from the edge to eliminate edge ef-
fects. This arrangement was then replicated 50 times with
intervals of 40 cm between lines of strokes. The posi-
tions of the penetrometers in the lines were randomized to
minimize errors due to uneven packing and care was taken
to avoid footprints on the soil. The means and standard
deviations of the 100 readings of each penetrometer were
calculated at depth intervais of 3 cm for the recording
penetrometers and 6 cm for the non-recording penetrometer.

The results showed the standard error of the means to
be small, with individual values in the range 60 to 100
kPa, and the recording penetrometers were superior in
detecting abrupt changes in cone resistance. The analysis
of variance showed large F ratios for between sites and
between depths, as expected, but also there was signifi-
cant variation between penetrometers. The recording pene-
trometers all produced similar soil profiles, with a few
unexplained discrepancies, but the non-recording penetrome-
ter method smoothed out the abrupt changes in cone resist-

ance. Also measurements on direct drill, deep-plow, and
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shallow plowed soil indicated variations in cone resist-
ance existed only in the plow zone, which was 25 cm deep,
when using the recording penetrometers. The variations in
this 25 cm zone was not picked up by the non-recording
penetrometer which stressed the need for accurate penetrom-
eters for meaningful cone resistance profiles.

When the penetrometers were used in high stone con-
tent soil, major problems of interpretation resulted.

Some profiles departed quite markedly from the general
trend. Stones produce a single-sided distribution error
since stones always increase the readings. Stone distribu-
tion could be related to tillage treatment so there may be
little gain in conducting more replications in stony soils
to reduce the variations between tillage treatments.

Stone frictipn on the side of the rod, after a stone was
pushed aside, would effect further readings. This effect
could be eliminated by placing the force transducer at the
base of the cone.

Ayers (1980) investigated the effects of moisture and
dry density on cone index for soil mixtures of Zircon sand
and Fire clay in proportions 100% clay, 75% clay-25% sand,
50% clay-50% sand, 25% clay-75% sand, and 100% sand.
Results showed the moisture content for maximum cone index
to be lower than the moisture content for maximum dry
density. Fér the 50% clay-50% sand mixture a maximum cone

index of 3300 kPa occurred at 5% moisture (dry basis) for
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a compactive effort of 12 blows of a 4.3 kg drop hammer
from a height of 30.5 cm. The maximum dry density occur-
red at 10% moisture when the cone index was only 1200 kPa.

For a given compactive effort, Ayers (1980) found an
increase in the percentage of clay increases the moisture
content at which the maximum cone index occurred. Also
for a given soil type, an increase in compactive effort
produced an increase in the maximum cone index. With
increasing moisture content, a logarithmic decline in cone
index was observed. For all soil types, except for 100%
sand, cone iﬂdex increased with increasing dry density.
At low moisture’contents (2.6 — 6.7%) the cone index
seemed to increase exponentially with dry density giving a
large increase in cone index for a small increase in dry
density. At higher moisture contents, the relationship
was more nearly linear and at high moisture contents
(11.8%) the rate of increase of cone index with dry den-
sity decreased considerably. Thus at higher moisture
contents, cone index was less dependent on dry density.

Ayers (1980) developed the following prediction
equation model to represent the cone index - density -
moisture content relationship.

CI = (cl x pp®%)/[c2 + (MC - C3)2]

where:

CI

cone index, kPa

DD

dry density, gm/cc



MC = moisture content, % dry weight

Ccl, c2, C3, C4

on soil type.

in Table I.

CONE INDEX MODEL CONSTANTS
FOR EACH SOIL TYPE

TABLE I

12

constants to be estimated depending

The values Ayers found are shown

Soil Type Cl C2 C3 c4 R-Square
100% clay 4540.9 31.94 9.21 6.37 0.985
75% clay-25% sand 928.1 20.22 7.41 6.60 0.983
50% clay-50% sand 82.39 9.47 4.77 7.50 0.978
25% clay-75% sand 1.10 2.19 3.29 9.34 0.982
100% sand 1.58 17.72 5.54 8.92 0.940

These equations predict cone index for an average of

the top 15 cm with dry density in the range 1.88-2.35

gm/cc and moisture content in the range 2.6-11.8% (dry

basis). For natural soils, new constants would have to be

estimated.
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Threadgill (1981) studied the effects of controlled
traffic on soil strength measured by a cone penetrometer
of base area 1.3 sg. cm, cone angle 30 degrees, and oper-
ated according to the ASAE Standard S313.1 (ASAE, 1980).
Three tillage practices were used over a period of four
years (1977-1980) - moldboard plow, in-row subsoil and
plant, and slot plant.

A tractor mounted, hydraulically operated, recording
soil cone penetrometer was used to collect data from the
center bed of each plot. All penetrometer data were col-
lected when soil moisture was as near as possible to field
capacity. Profiles of cone index versus depth were ob-
tained to a depth of about 51 cm below the nominal soil
surface elevation at 15 cm lateral intervals across the
182 cm wide bed. A single curve was obtained by averaging
four replications which was then digitized at two centi-
meter depth increments. Contour lines of cone index were
drawn on the profile using a shading format of the Statis-
tical Analysis System (SAS) (neglecting spurious readings
caused by rocks) and then the contour lines were again
digitized fpr plotting (Threadgill, Personal Communica-
tion, 1981).

Threadgill (1981) concluded that the residual effec-
tiveness of an initial tillage practice such as in-row

subsoiling in a controlled-traffic production system with
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conventional wheel spacings was evident after moldboard
plowing the second year but was eliminated by moldboard
plowing a third year with a resulting reestablishment of a
compacted layer. The genefally accepted criteria of a
compacted layer is 2000 kPa cone index or greater which
frequently reduces crop yields and values above 1500 kPa
frequently reduce root growth (Carter and Tavernetti,

1968; Chancellor, 1977; Taylor and Gardner, 1963; and

Smittle and Threadgill, 1977). 1In contrast, when only a
slot plant was used, in-row subsoiling effects were elimi-
nated after the second year and a very severe compacted
layer had reestablished by the third year. Compacted
layers under the moldboard plowed conditions could have
been due to implement traffic or natural cementation, but
compact layers under the slot planter appeared to be only
attributable to a natural cementation process. This
indicated the usefulness of the controlled traffic concept
may be limited since benefits of in-row subsoiling may
extend for one year under certain tillage systems but may
be entirely lost by the second year under other systems.
Some soils recompact in one year under very limited traf-
fic conditions. Treadgill (1981) proposed that a tillage
rotation such as in-row subsoiling in alternate years
would be desirable for certain soils, even when controlled-
traffic systems are used, in order to allow the reduced

energy benefits of "no-till" planters to be realized.



CHAPTER IV
INSTRUMENTATION SYSTEM

A microcomputer based system was chosen for versati-
lity in programming, low cost, high speed of data manipula-
tion and ease of interfacing with data inputs. The system
was based on a ROCKWELL AIM 65 microcomputer which uses a
6502 processor. The AIM 65 was selected for its keyboard,
20 character heat sensitive line printer, input/output
tape control, and AIM 65 BASIC (BASIC: Beginner's All-
Purpose Symbolic Instruction Code originally developed at
Dartmouth College, Hanover,'NH) language option. With
this microcomputer, collected data could be manipulated,
saved on magnetic tape, and routed to the line printer for
immediate observation. The tape recorder was a General
Electric audio cassette player Model No. 3-5145B. The
overall instrumentation system is illustrated in Figure 1
which shows the three input variables - penetrometer
force, depth and lateral position; and in addition, it
shows signal conditioning circuitry and data acquisition

system. The signal condition circuitry is shown in Figure

2 with the power supplies shown in Figure 3.

15
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Penetrometer Lateral Position

Transducer

The penetrometer was forced into the soil using a
hydraulic cylinder powered by the tractor hydraulic remote
lines and controlled by a flow control valve, pressure
reducing valve, and a three position, center detent,
direction control valve. The hydraulic cylinder and
direction control valve were mounted on a carriage that
could be moved along the main frame and locked in position
by two friction holding devices. A 10-turn 10K ohm rotary
potentiometer was attached to the carriage so that the pul-
ley on the potentiometer shaft was horizontal and close to
the main stationary frame. A cord, held in tension by a
spring, was attached to the main frame at one end passed
around the pulley once and onto the other end of the main
frame (Figure 4). 1In this way, as the carriage was moved
across the profile, the potentiometer turned giving an
output voltage proportional to the lateral distance along
the main frame. The potentiometer input voltage was
regulated to 1.0V by a feedback amplifier with a 1.0V
reference voltage input (Figure 2).

The potentiometer output voltage was then converted
to a 0 to 5 volt square wave signal of frequency control-
led by an AD 537 JH voltage-to-frequency converter which
had a temperature stable 1500 picofarad polystyrene timing

capacitor. The output frequency was then proportional to
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Figure 4. Penetrometer Lateral Position
Transducer

Figure 5. Penetrometer Depth Transducer



21

the input voltage. This square wave signal was connected
to the microcomputer input port PA6 which counted the
pulses in a fixed time to give a number proportional to

carriage lateral position.
Penetrometer Depth Transducer

A 61 cm stroke hydraulic cylinder forced the penetro-
meter into the soil. On the end of cylinder rod was a
pointer to which a cord was attached. The cord travelled
up beside the cylinder body and 1.5 times around a pulley
on a 10-turn 10K ohm potentiometer at the top and down to
a counter balance weight inside a guide pipe (Figure 5).
The voltage applied to the potentiometer was regulated to
one volt. The output voltage was proportional to the
movement of the cylinder rod. This voltage was similarly
converted to a 0 to 5 volt square wave signal by another
AD 537 JH voltage-to-frequency converter and connected to
the microcomputer input port PA7 (Figure 2). All wires
carrying frequency signals were made as short as possible
and a 20 Hz low pass filter was placed close on the input
to the frequency converter to reduce signal noise from the
atmosphere. Shielding was used on signal lines to the
tape recorder.

The soil surface depth from the top was recorded by
stopping at the soil surface to press the "soil surface
light" button on the signal conditioning box (Figures 6

and 7). The soil surface was considered the point when
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Figure 6. Uncovered AIM 65 Microcomputer
with Tape Recorder and Signal
Conditioning Box

Figure 7. AIM 65 Microcomputer with Tape
Recorder and Signal
Conditioning Box
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the cone base was flush with the soil surface. This but-
ton placed a pulse on the microcomputer port PA4 (Figure
8) which recorded the depth. A resistor was placed in
parallel with the light bulb to keep PA4 grounded while
not in use in case the bulb in the socket did not contact

properly.
Penetrometer Force Transducer

The force on the penetrometer (Figure 9) was measured
using a four arm temperature compensated strain gauge
bridge load cell (BLH ELECTRONICS, INC. TYPE U3Gl) (Figure
10 and Appendix D). The maximum load was 2224 Newtons
with a 50% peak safe overload of 3337 Newtons. The
hydraulic cylinder oil pressure was regulated to 716 kPa
(read on a calibrated pressure gauge) so as to not allow
the force to be greater than 2224 Newtons on the penetrom-
eter. If this force were not enough, as with hard, dry,
soil a smaller penetrometer could be used.

The voltage to the load cell was regulated to 10V by
an IM317 voltage regulator. Amplifying the load cell out-
put differential voltage posed a slight problem since an
instrumentation amplifier requires a negative as well as a
positive power supply. Also without a negative power sup-
ply an operational amplifier will not be accurate at less

than 0.3 V output. A gain of 10 was chosen to keep the
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Figure 9. Cone Penetrometer

Figure 10. Penetrometer Load
Cell

25
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input impedance high so as not to affect the strain gauge
bridge. The output voltage then ranged from 0.0-0.5V
which is in the non-linear range of the operational ampli-
fier. To overcome this, a differential amplifier was used
and a one volt input added at a gain of one so the output
range was 1.0-1.5 volts (Figure 2). This gave a linear
output response since the parallel resistance of Rl and R2
was the same as the parallel resistance of R3 and R4.

To compensate for this additional one volt input, the
negative input to the voltage-to-frequency converter was
raised to one volt by a direct feedback operational ampli-
fier thus giving a differential voltage range of 0-0.5V at
the frequency converter. The compensating operational
amplifier was loaded heavily to allow enough current to
pass for the V to F converter as the output frequency
depends on the current flowing between the positive and
negative inputs which has a maximum of 1mA.

A 20 Hz low pass filter was added close to the V to F

converter to reduce noise in the positive input line.
The Microcomputer

The Rockwell R6500 Advanced Interactive Microcomputer
AIM 65 is a complete general purpose microcomputer having
advanced hardware and software which can serve as a low
cost central processor or controller/monitor. The AIM 65

has two modules -- the master module and the keyboard
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module -- connected by a plug-in ribbon cable. The master
module has a 120 line per minute, 20 column dot matrix
thermal printer, a 20 character l6-segment alphanumeric
LED display, and microcomputer components.

The Central Processing Unit (CPU) is the R6502 8-bit
microprocessor which operates at 1MHz giving a minimum
instruction execution time of two microseconds. The R6502
can address 4K bytes of Random Access Memory (RAM) and 20K
bytes of Read Only Memory (ROM) on the Master module plus
an additional 40K bytes of user provided external RAM, ROM
or I/0. Other R6500 devices on the AIM 65 include the
R6522 Versatile Interface Adapter (VIA), the R6532 RAM-
Input/Output Timer (RIOT), the R2332 ROM, and the R2114
Read/Write RAM.

The keyboard has 70 functions (26 alphabetic, 10
numeric, 22 special, 9 control and 3 user-defined used by
the AIM 65.

A ROM-resident 8K monitor controls AIM 65 operations
which simplifies use of the CPU, memory, and I/0 devices.
The monitor translates functional commands into machine
code with makes development faster. The AIM 65 Monitor
includes commands to:

a. Enter R6502 instructions in mnemonic form for
direct translation to object code.

b. Disassemble R6502 instructions from object code

to mnemonic form
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c. Execute user written programs with debugging aids
such as instruction trace, register trace, and break-
points.

d. Display and alter memory and registers.

e. Transfer object code to and from one or two audio
cassette recorders or a teletype.

f. Allow user defined functions to interface with
user provided peripherals.

An Editor allows entry, editing, and listing of R6502
source instructions, data, and general text. The Editor
has commands to:

a. Transfer text, enter programs or data into mem-
ory, or transfer source code to and from one of two audio
cassette recorders or a teletypewriter.

b. Locate and change character strings.

c. Move the text line pointer.

d. List selectable lines on output devices.

The Master Module has three ROM sockets for optional
AIM programs. A R6502 Assembler, resident in a 4K R2332
ROM was installed for converting R6502 source instructions
into object code using symbolic labels and operands. This
two-pass assembler checks for errors in mnemonics but is
slow when source code is read from a cassette recorder.
The remaining ROM sockets were used for the optional AIM
65 8K BASIC Interpreter. The AIM 65 can be interfaced to

external equipment through the application connector and
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the user dedicated R6522 VIA which has 16 bi-directional
input/output lines, four control lines, and two timers.
Using remote control lines the user can input source code
from one cassette recorder and output object code to

another cassette recorder when using the AIM 65 assembler.
Programming the Microcomputer

The main program was written in AIM 65 BASIC language
with machine language subroutines. The machine language
subroutines were written in source code and assembled,
using the AIM 65 Assembler, to machine language. 1In this
way the subroutineé could be relocated in memory easily.
The BASIC program and machine language subroutines were
"burned" into an Erasable Programmable Read Only Memory
(EPROM) 4K 2532 chip using a DRAM PLUS? Board. This
chip was thus placed in the AIM 65 Assembler socket (at
hex D000), since it was then spare, and could be addressed
by keyboard key "5" which causes a jump to D000. The
BASIC variables had to be located in RAM however so a

program was used (called BASIC DRIVER) at D000 to tell

BASIC where the variables were located. The complete

memory map is shown in Figure 11.

25014 by The Computerist, 34 Chelmsford St.,
Chelmsford, MA.
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ALSO
L ASSEMBLER

ROM

E RAM

FFFF
MONITOR ROM
FOOO p—— - - - — -
MONITOR ROM
E000 -~
MACHINE LANGUAGE
DCO0O SUBROQUTINES
D638 OPEN
D071 BASIC PROGRAM
D000 BASIC DRIVER J
BASIC ROM
co00 ]
BASIC ROM
B0O0O
AIM 65 1/0
AND RAM
AQ00
4
Y OFF BOARD [
( EXPANSION
ADDRESSES
OFFF
j
MACHINE LANGUAGE
VARIABLES
0E00
0poo OPEN
BASIC VARIABLES
0212
USER AND SYSTEM
0100 RAM AND STACK
0000 USER AND SYSTEM RAM
A
Figure 11. AIM 65 Complete Memory Map



CHAPTER V
CALIBRATION PROCEDURES
Lateral Position Calibration

To avoid having to calibrate the lateral position of
the penetrometer carriage in the field, it was calibrated
in the laboratory. It was found to not vary by more than
five percent of the full scale in Ehe field.

With the carriage to the far left on the main frame,
a program (DedJong, 1980) was run to count pulses on the
frequency wave output from the signal conditioning circuit-
ry in the same time the normal program counted pulses (one
second) and continuously output the count to the LED dis-
play. The carriage was then moved to the extreme right a
distance of 3300 mm. The frequency of the output signal
was adjusted (by a variable resistor) so that the differ-
ence in counts from one end of the main frame to the other
was 6600 counts which gave one pulse for each 0.5 mm. The
BASIC program then subtracted the initial left hand count
(611) from each position along the main frame and divided
the result by two to give the position in millimeters

starting at zero from the left.

31
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Depth Calibration

The depth was also calibrated in the laboratory in a
similar manner to the lateral position except pulses were
counted for one-tenth of a second. With the hydraulic
cylinder fully raised the number of pulses was recorded
and then with the cylinder fully lowered. The difference
was adjusted to give 600 pulses which corresponded to a
depth of 600 mm. There was little electrical drift during
several months of operation so the depth did not require

recalibrating.
Load Cell Calibration

The load cell on the hydraulic cylinder was posi-
tioned over a 320 kg balancé scale. A hydraulic 1lift jack
was then placed on the scale to force up on the load cell.
The main frame did not 1lift and oil could not escape the
hydraulic cylinder. The 4.08 kg jack weight was subtrac-
ted from the scale readings. At 2224 Newtons force (maxi-
mum continuous for load cell) the output frequency was set
to 10,000 Hertz. The results of the calibration is shown
in Table II.

The BASIC program thus converted the one tenth second
pulse count to kPa by dividing by the area of the cone

base. The conversion constant is shown below:
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TABLE II

LOAD CELL CALIBRATION

Load (kg) Force (N) Output (mV) Pulses (1/10) sec.
0 0 1.16 32
41.3 4905 6.57 168
86.6 850 12.52 370
132.0 1295 18.46 _ 570
177.3 1740 24.43 774
222.7 2184 30.39 980
268.0 2629 36.22 1180
313.4 3074 41.91 1376

R~square = 0.99957
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Cone area = nD2/4

0.7854 D% (mm?)

i

where: D = diameter of cone base (mm)

The initial force was subtracted from subsequent
measurements to give zero pressure before the penetrometer
entered the soil.

The load cell calibration was checked in the field by
forcing the penetrometer onto a rigid board which stopped
the penetrometer, allowing the oil pressure relief valve
to hold the pressure constant, and the depth potentiometer
was turned by hand to simulate the penetrometer entering
the soil. With the o0il pressure relief set at 716 kPa the
force on the cyliqder was 2224 Newtons. With a cone
diameter of 20.16 mm this gave a cone index of 6970 kPa.
The o0il pressure gauge was calibrated with a dead weight
tester (type - Hanson Chemical Equipment Co., Beloit,
Wisconsin, USA) with the results shown in Table III.

The load cell calibration was found to not vary more
than four percent of full scale when used in the field

(Figure 12). Penetration speed was set at the ASAE

standard of 1829 mm per minute using an oil flow control

valve (Figure 13).



TABLE III

PRESSURE GAUGE CALIBRATION

Dead Weight
Tester (kPa)

Gauge Reading (kPa)

345

689
1030
1380
1720
2070
2410
2760
2410
2070
1720
1380
1030

689

345

358

689
1020
1360
1700
2050
2390
2740
2400
2050
1710
1360
1030

689

351

35



Figure 12. Penetrometer Operation in Field

Figure 13. O0il Flow Control and Pressure
Reducing Valve
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CHAPTER VI
PROGRAM SOFTWARE

The AIM 65 BASiC and disassembled machine language
subroutines are listed in Appendix A and are stored in an
erasable programmable read only memory (EPROM) chip lo-
cated at hexadecimal D000. The BASIC program was entered
by the 5 key on the AIM 65 keyboard Which executed a jump
to D000. The location and date was then entered on the
keyboard followed by a "return." The penetrometer cone
diameter was required in millimeters and if changed during
a test, the BASIC program had to be restarted. At the end
of each penetration a gquestion was asked for another test.
If the answer was no, the program stored a block of zeros
on the magnetic tape to identify the end of the profile.
The hydraulic cylinder fully raised position was chosen as

a reference depth, so the cylinder had to be raised fully

before each penetration.

The penetrometer depth and force were recorded by
starting both R6522 timers simultaneously. Timer T1
counted the pulses ffom the depth signal and timer T2 was
loaded with hexadecimal FFFF and decremented by one for

each pulse from the force signal. At the end of one-tenth
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of a second time period an interrupt occurred and timer T1
was read and timer T2 was read, and exclusive-ored (EOR)
with FFFF, giving the number of pulses in the time period.
The interrupt program decided whether to record the depth
and force or return and restart the timers (Figure 14).

The initial depth was saved in a temporary location
for a reference which was increased by an increment corre-
sponding to a depth increase of 20 mm each time a sample
was taken. A sample was taken only when successive depth
readings excéeded the comparing depth thus giving depth
and force readings each 20 mm of depth.

The soil surface was recorded by stopping at the sur-
face to press the "soil surface" button which put a momen-
tary high pulse on port PA4. This port was being read in
each time period but only stored in memory when PA4 was
high. If a mistake were made of not pressing the button
before reachiﬂg the full depth, the penetrometer could be
raised to the surface and the button pressed again to
record the depth. A check was made of the last depth
memory location which if not zero at a depth of 600 mm
the machine language subroutine returned to the BASIC
program.

When the BASIC program read the data memory, it auto-
matically converted hexadecimal numbers to decimal. How-
ever since mémory data was stored in high byte-low byte
manner the high byte had to be multiplied by 256 and added

to the low byte to give the correct decimal number. Depth
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and cone index were then printed on the AIM 65 thermal
printer and the hexadecimal data array was stored on mag-
netic tape by remote control of the tape recorder. 1If
another penetration were required with the same cone pene-
trometer size, the BASIC program allowed this decision.

If no more data were required, the program stored an array
of zeros on the magnetic tape to indicate the end of a
profile.

A flowchart of the data recording and processing
system is shown in Figure 15. The hexadecimal data on
magnetic tape was converted to decimal and transferred to
a magnetic tape file on a Tektronix 4052 computer by the
program in Appendix B using an RS-232 connector cable
interfaced to the Tektronix. The data arrays were then
input to a Statistical Analysis System (SAS) data set via
a 1200 baud télephone modem. A SAS data set was first
initialized for input of data then control was passed to
the Tektronix by the "Return to Basic" key. A Tektronix
BASIC (called Graphic System BASIC which has two levels:

basic BASIC which is the vocabulary used in all applica-

tions; and extended BASIC for the graphic system capabi-
lities) prograﬁ (Appéndix C) was then run which output thev
data arrays via the modem to the SAS data set.

A SAS program using procedure GCONTOUR was used to
plot a profile of soil strength contour lines. The values
of the contour lines may be manually written on the plot

as this procedure provides a legend.
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CHAPTER VII
RESULTS AND DISCUSSION

The penetrometer was tested in a Tabler silt loam at
Blackwell, Oklahoma. The results of two profiles are
shown as examples of the output (Figures 16 & 17). Differ-
ent colored pens could be used if desired for contour
lines. The average cone index was also plotted with 95
percent confidence limits (Figure 18). A slight hard pan
was shown at a depth of 240 mm. The confidence limits
were wider close to the soil surface which could be
expected due to previous tire tracks or uneven tillage.

An example of the AIM 65 printer output, taken in a
sand in the laboratory, is shown in Figure 19 which shows
the date and location of a three hole profile. At
Chickasha, Oklahoma a different tractor was used, and a
problem arose of the computer memory being randomly
altered. This could have been caused by noise from the
tractor alternator or from the frame of the penetrometer.
When a filter was placed on the power supply and a ground
rod was used on the penetrometer carriage frame the pro-
blem was solved. Whether the ground rod was necessary was

unclear since occasionally the ground rod was not used and
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everything functioned normally. The cord turning the
depth potentiometer gave some slippage which had to be
checked so as not to exceed the limit of potentiometer
before the penetrometer was fully in the soil. A link
chain and sprocket drive, instead of a cord drive, on the

depth potentiometer would have solved this problem.



CHAPTER VIII
SUMMARY AND CONCLUSIONS

A Rockwell AIM 65 microcomputer was used to record
and display lateral position, depth, and cone index of a
tractor mounted hydraulically operated cone penetrometer.
Analog data inputs were converied to a square wave signal
of frequency proportional to the input and interfaced to
the microcomputer which counted the square wave pulses in
a time period. The microcomputer was programmed in BASIC
with machine language subroutines to count pulses. The
program was "burned" into an erasable programmable read
only memory (EPROM) chip so the program could be accessed
simply by turning on the microcomputer and pressing key N.
The depth and cone index was stored on magnetic tape as
well as printed on the 20 character AIM 65 thermal prin-

ter. Data on magnetic tape was transferred to a Statis-

tical Analysis System (SAS) data set via a Tektronix 4052
computer. A SAS contour plot of soil strength was used to
display the soil strength profile.

The system was tested in the field and after solving
power supply and grounding problems the system was found

to work well.
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For further research in soil strength, as measured by
cone index, the penetrometer system may benefit from a
device to quickly measure the two other main parameters,
soil moisture and bulk density, to more completely de-
scribe the soil physical conditions. Placing strain
gauges at the base of the cone would avoid shaft dragging
forces. It may be possible to develop a soil moisture and
bulk density instrument incorporated in the penetrométer
shaft or perhaps used in the hole left by the penetro-

meter.
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POURRENT LIME NUMBER HIGH

$INITIALIZE THE 5

] HE40 tFP CODE FORLJME
fal Q0 SNEW LINE JMF
- 3 $0.2 TIPSR MR

TIO0E Ky €0 FFUNCTION JtiMe

jalan A
oL
neta
DoLA
Ty

$BE fERROR UMP
#&87

#$EBF

SR tERROR ATIDRE
R

04 tlER ADDRE
S05

#414 SZETUR FOR 2O COLUMN WIDTY

512

HEOL FTETUE EOR 10 STl MM TRET T T

Dola

. TIATION CUNITOMNTS
[y e X H =Tl

PLUORK ARED




DO
noat
Pl 3cd
noas

Loazw
noas
ToaR
Toan
DaaFE
DoZe
A
palelatat
n0s7
noss
DTH
ooz

DOSF
jalezpes

noes

20 7C B4 JER SBH4TIC
- 2 pS JMP $BECE

. END
ERRORS= Q000

PETRING STACH
ENEW LINME
tBATIC FRIOG
SOHTE WHEN

TITART OF PAT

$RASIC VARIARL
TETART OF VART
TEASIC VARIABL
TEND OF MEMORY

SCALL RidN
SUME TOFIRET

ETINTER

£ EMD ADDR

ETATEMENT

59
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0000

PENETROMETER FROGRAM FOR Z0IL STRS

1BY GLEN RIETHMULLER

OOO0

) \

2000
alalsla]
[olalnin}
QOO0

QOO0

[alalele}
(31 xs]
OFF1
OFEL
OFE7
OFFs
OF=5
OFFD
OFFE
OFFF

1000

INTERL =%Q404 PINTERRUFPT VECTOER L
INTERH =$/40% ' S IMTERRURT VECTOR HTGH
TAPGAFP =$AN0DY tTAPE GAP

PORTA  =%A001 tPORT A. PAD

INFLAG =%/404 s INTERRUPT FLAG

TiLH =$A00T PT1 LATCH HIGH

TiLL =HA00A 1T LATCH LOW

T2LL : 3 T2 LATCH LY

T2LH =%A00C 2T2 LATOH HIGH

ACR =5A00R SAUXILIARY CONTROL REG

IER =$/00E

INTERRUPT ENABLE REZ

*=%OFF0
SURLD  #=%+] tE0IL SURFACE LOW
SURHI #=%+5 fS0IL SURFADT HIGH BYTE
DINCHI s=#+1 tDEPTH INCREMENT HIGH EBYTE
DINCLD #=%+1 tDEFTH INCREMENT Ol
DCOMPH s=%+1 tDEPTH COMPARTION HIGH
TDCOMPL. %=%4+4 tDEPTH COMPARSION LW
DEPTHH w#=i+} tDEFPTH MEMORY HICH
DEPTHL #=%+1 FDERTH MEMORY L0
COUNT  $=s4+1 tEREQUENCY COUNTER INTERYA
*=%0EDD
DHIGH  #=s+d FFORCE AND DEPTH
DLW =84y SITORED ON PASE 0ZO0O0

FORCEH #=w+1
FORCEL #=#+1

#=SOETH
DEND LTSN 1END OF DATA CM
FEND poa4d 1EORE OEAG

DRB
ToEOT
UITE G

TOOSET

FILE

LMeTe

TORYTE

oz $TARE CITPUT BLEETE

2= TN O0
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PENETROMETER SUBROUTINE FOR FINDING Z0IL SURFACE
BEGIN PHF $SAYET P REGIZTER
FE, LIX #&FF
o]y} e LDO&a #3500 TIMITIALIZE SACE
00 OF STA DHIGH, X SOEHNO TO ZERD
o0 CRX #5000
e o4 DEC INITAL T MBS T TNTTAL
i 4 DEX TWHEN FINIZHED
noon A OZ LC AME LR
oo v 00 INITAL LDA #%00 TIMITIALIZE
20 FO OF TR ZURLD OIL SURFACE
20 F1 OF STA SURHI tMEMORIES
20 F2 OF STA DCOMPH t 2ERC DERTH COMPARSTION
20 F? OF STA DIOMEL TVECTORE
2D F4 OF STA DINCHI SDEPTH INCREMENT
A7 14 LDA #%14 SHIGH AND Ll
20 F7 OF 2TA DINCLD s INCREMENT BY 20
A% 30 LOA #EZ0 tSET TAFPE GAFR TO
2D 0¥ A4 ZTA THAPGAF THEX 20
4 3% DT JMPOSTART
FORCE AND DEPTH SUBROUTINE
nonE AC 07 DD ouT JIMP R PTAKE IRGM VECTORE OFF STACH
T 72 START 3EI tDISABLE INTERRUFTE
Donz [l cicd LDA #<IRD LW BYTE OF INTERRUFT
nCza 2D 04 A4 3TA INTERL PVECTOR
nCz7 fm Do LDA #>IRC SHIGH BYTE OF INTERRUET
et 20 05 A4 2TA INTERM FVECTOR
Lssc:tm AT L0 LDA #%£0 tACR TO FREE RUNNING MODE
noIE 20 OB A0 STA ACR
onca p? CO LDA #€CO tIER TO ENARLE INTERRUFPTI
oCaz 20 0E AO _=TA IER
jalng:¥2 AZ 0O LIOX #&OO SINITIALIZE XY REGIZTER
moan RETUEN LOA #4402 TONE TENTY SECONMT
noan oF ST COUNT S INTERVAL TOUNTER
TiTAD ‘
T

A DERTHH FMEMORTIES TO LMSE 1B TImMz
DERTL
o2 CLr tTLEAR INTERRIRT
001 A0 WAIT BIT FORTS s BIT 7 HIGHT
10 FE BFL WAIT GO TOLeTT
T 0y AD LOAF QIT BORTA WAIT 0% IT T &0
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noTo 0 FE BEMT | 8T
1= CLC ITLEAR CARRY FLAT
an FE OF LDA DEFTHL
7E 27 01 ADC #301 T INCREMENT DEFTH RY 1
o776 =0 FE OF ETA DEFTHL TEOR EACH PULEE ON RA7
wird s AD FD OF LDA DECTHH
no2o A5 OO0 ADC #%OD
ain=ie, 20 FDOOF STA DEPTHH
oeas ac AR DO JMPOWATT TWAIT TILL T: TIMES IT
43 1R PHA T SAVE ACTUMULATOR
CE FF OF DEC COUNT
FO AD BER OUT THAS OME TENTH SEC = 7
Al 04 A4 LDA INFLAG :CLEAR 4522 INTERRUPT FLAG
&2 PLA tRESTORE ACCUMULATOR
20 RT1 tRETURN TO COUNT PULSES AGAIN
SAVING FORCE AND DEFTH ROUTINE
AD 01 40 STORE LDA PDRTA tREAD PORT &
2% 10 AND #410 :13 PAA=LT
Fid O BER HERE N, THEN BRANCH To HERE
pD FE OF LDA DEPTHL fGET S0IL DERPTH LW
0 FD OF 3TA SURLO DSAVE S0IL SURFACE DERTH
aD FD oF LDA DEFPTUH $GET 20IL DEPTH HIGH
20 F1 OF BTA SURHI $3AVE 30IL SURFALE HIGH
ety HERE SEC
Al FE OF LDA LDEDTHL THAS DEFTH ADVANCED
c0 €9 OF SBC DCOMPL $BY THEZ DEFTH INCSEMENTT
AD FD OF LDA DEPTHH
Eh F2 0OF SET DCOMPH
Al 2c ECC RETURN IND, THEN CHECHE DEFTH AGAIN
AD FE OF LDA DEFPTHL tYES, THEN RECCRD DEPTH aNMDy FORC:
o0 01 0F STA DLOW, X TSAVE DEFTH OM EORE OEDO
eT FD OF LDA DEPTHH TWHICH I INCREMENTED BY X
=000 OF TTA DHIGH, X
20 XA 11T X=ZEROT
oo O ENE THERE TN, ANCR TO TRERD
an 0! 0E LoA DLW TYET, ADD THT DEFTY T TuD
0 FS OF STO DNTOME COMEARTNG [ESTH
AL OO 0T Loy DHIGH
20 o OF TTL DoOmEN
= THERE
S Fw 0F !
=7 OF £
Fo F <
E3 o0F L
Fr OF ADT DINCHI
w08 TTA DCOMPH
0% AL TIMES T4 -1
= MO OF DECTEIMENMTS
NI o0E ;X Lo FORCE DYTE
O A TiMER T

.~H
CONGL OF DECREMENTS




DCFo

DoEs
ainisr.)
jaln 2]
DIEA

DoE7
jami oyt
ooEC
LCFFE
oot

Lnca

noo7
Lpos
npoy
npoa
jalala):

jajaialy
jada R}
noz
) R

5} R

-3
=

1mmm

DRG]

o

Ja s ™S

30 a0 0

40
fal

0E

A0

DOWN

PLLL

BAZIC

=STA

INY
INX
INX
INX

LA
BNE
Loa
ENE
M

JIMP

PLA
FLA
PLA
PLA

IMP S

LDA
5TA
PLF
RTS

FORCEH, X

TEND
DTN
FEND
DOWIN
RETLIRN

BATIC

#=$DD40
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12AVE HIGH FORCE BYTE

: INCREMENT THE Y REGISTER

TFOR THE NEXT
sFORCE aND DEFTH REDORD

tHAT THE FROBE
SCOMPLETED ITS STROME

:YES., RETURN TO BATIC SROGRA
IND, SET NEXT DEFTH AND S0RCT

1 THREE IRGZ WECTORT
TFROM THE STACH 20 THE
tBASIC VECTORS ARE LEFT
tRESTORE P REGIETER
tRETURN TO STORE DATA

:DISABLE TIMER T!

PRETURN T2 BAZIC PROGRAM



CARRIMAGE POSITION SUBROUTING
opas 02 FHF ISAVE P RESISTER
noat 73 SEI :DISABLE INTERRUFTES
ooAZ . A% 30 LDA #CIRDE t3ET THE BYTES 0OF IRMZ
rmaa 20 04 A4 =TA INTERL $AND STORE TUESS IRD
D47 A% DD LDA #3IRDE t INTERRUPT VECTORSE
Doa® 20 05 &4 STA INTERH
Doac A% &0 LDA #340 $ACR T FRES RUNNTNG
DDME S0 OB AD =TA ACR t MODE
DOEL AP Co LDA #3000 $ENABLE INTERRUFTS
nmE2 20 OE A STA IER
pDS4 A% 71 LDA #%$71 $3ET T1 FOR S0,03% CYCLED
DNSE 80 04 AD STA TILL
DOSE A% 14 LDA #314 :ONE SECOND INTERVAL
DDSD &0 FF OF STA COUNT :COUNTER FOR FULSES
nns0 AT O3 LDA #$C2
DAz 20 05 A0 STA TILH :START TIMER Ti
DOAS AT 00 LDA #300
Do47 &0 FE OF STA DEPTHL tINITIALIZE DEFTH MEMORIES
nhsd 2D FD OF STA DEPTHH tTO USE UP TIME
oD 52 CLI tCLEAR INTERRUFT FLAG
DOsE 2C 01 A0 STAY BIT PORTA tWAIT FOR PBA T
oO7Y S0 FB EVC STAY 10 HIGH
ppD7: 20 01 A0 STOF  BIT PORTA TWAIT FOR IT TO G0 Loy
D074 70 FE BVE STOF
onTE 1 CLE (CLEAR CARRY FLAS
ID7®  aD FE OF LDA DEPTHL : INCREMENT CARRIAGE EOSITION
nonTC AY 01 ADC #$01 ICOUNTER (DEPTHL AND DEFTHH)
DD'7E =D FE OF STA DEFTHL tFOR EACH PULEE
Dol AD FD OF LDA DEPTHY 0N PAG
onEa A 00 ADC #%00
ooes 2D FD OF STA DEPTHH
DoEe  ac 4E DD JMP STAY :G0 AND WAIT FOR NEXT PULSE
poEs am IRQZ  PHA tSAVE P RESISTER
DOER  CE FF OF DEC COUNT tDECREMENT CCOUNTER
e F0 0% BEQ POINT TBRANCH IF TIMS oUT
ooeT AR 04 Al LOe INFLAG ICLESR £527 INTERRURT EL A
noeT AR B1_n
oo L0 RTI IRETIURN EROM INTSRRUET
noeT AT SOINT B4 TREMOVE ACT. AND TRG UECTORT
Do : BLA IEROM THE STACY
nnEs oA
npes A4S FLA
b0 N ] F1_p
oD AT 40 L0A #$40
ODUoE 20 OE Ao TH IER
noat a0 ST
oAz #=x[IT00
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DUMPING TO

TAPE SUBROLTIME

DFEO0
nEoz
nEos
DFO7
DFOA
EOT
nEoE
11
LF14
OF17
OF19

IF1P
DFLE
DF1F
DRt
IF2e

OF 24
nE2e
DF2C
OFE2D
DFE2F
DFZ1
DF24
DF27
OF2A

20
ca

10 °f

20

Az

BD

20 =

E2
ED
oo
AD
20
AR

2003

40

-

B
00
00
et
T4
1z
o
a7
N4

A4 LODFRY STA

0E LI0OP2  LDA
Fi JER
INX
cPX
BNE
OF LA
F1 J3R
oF LoA
F1 JIR

#$40

IER DISARLE INTERRUETS
#IEC

DRE CONTROLS TAFPE

#$00

TARCUT

54 $QTTIT CODE FOR “TO
OUTFLG
TAZSET
#8647
#%04

O

T

FILE. X PFILE NAME GGGGG

LooP1 tFIVE G°%Z

2 DUMPTA fOPENE FILE FIR OUTPUT

#$00

DHIGH. X tLOAD HEX DATA FROM
TOBYTE TRAGE OEQO

TTOBYTE DUMPS SCCUMULATIOR ON TaE
#E20O FHAS ALL DATA BREEN STOREDT
LOOP2 SND. GO BACK THEN
SURHI SYES., OUTPUT £0IL SURFOCE
TIRYTE THIGH AND LOW BYTES T TarFrz
SURLD
TORYTE

DF2D AD FD OF LOA DEPTHH tHIGH BYTE OF CARRIAGE FOSITION
0Fan 20 2B Fi JSROTORYTE :TO TAFE
OF4Zz Al FE OF LDA DEPTHL :LOW BYTE 0OF CARRIAGE POSITION
DFas 20 5B F1L JSR TOBYTE :TO TAFE
DEaT 20 11 ES JER D2 *FILLS REST OF PLOCKHS WITH ZERO
[Fac a2 AC LDA #3AC PETOPS TAFE RECORDER
NE4E 20 00 AS £TA DRE
LFS A0 =TS TRETURN TO BASIC
oesz #=&DFAO
- - BLOCK OF IZRO3 T TAPE RECORLER 4T NG oF TEET
TEAD AZ EF LOX #¥FF
DEazT AT Q0 BACK  LDA #£00
QEAL 9T 00 0% IT& DHIGH, X PRAGE OEG0 T IZE0C
TFaT EQ Q0 CPRX #&00
oFAT  FQ 0a 1 LOW
DFAE CA
oDEAT 4z A2 oF C RAC
[TAF 40 Lo
DFEG
CREOES= 0000
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g R R g e T Rk e R et

REM THIT PRO ! ANZFZRE & FROGRA&M TO AN AIM
SND THEN "TELLZY THE AIM TO EXECUTE THIS FROGRAM, !

AIM £ THEM TURNT ON & CASZETTE TAFS DECK AND READS AN PLOCH

OF DATAR, WHEN THE BLOCYW IT FERED, THWHE TERTROMICSE TELLR

THZ &IM TO ZEMD THE DATA

R o LT T R L T T R e S

BHSEGB S BH IS B R SRS R B E P GEF LIS HFH S FS XSRS BRI LSS SL RS FSET L L FHS
T COUNTS HOW MAMY TIMES THROUGH
ST ERTEEE RIS PSS SR AL ELEE LI LI L LSS DL LT L
Ti=0
A1) REM $B33RFHARBSRFHSERSHLH B RRIRFRREFS I E R TR FERLHFHXS
a2 REM FILE 2 HAZ THE MACHINME. ASSEMBLY LANGUAGE PRIOGRAM
4720 REM S3e83836 44330 $ I3 204 F L H 3 FH SRR X HH IS FRE Y
440 FIND 2
A5 REM %3963 38 3655303 34 3 30 303696 3 35 35 35 S0 3630 3 N I 3 2 3 3430 30 3 SR W W I N H NN IR HF RSN
4n0 REM CHR(127) IZ RUBOUT. THIS SEQUENCE S3ETS BAUD RATE
AT70 REM 33338 30 3 36 46 36 36 9 3 30 3 3 35 35 30 25 36 3 36 36 35 2 36 30 3 36 34 3635 34 96 35 36 36 36 3035 35 3 36 36 2 6 36 36 JF I 3R 6
SO0 CALL "RATE", 1200,2,2
PRINT " "
PRINT " HIT “RESET” ON AIM AND THEN “RETURNY ON TEKTROMICS"
INPUT W$
W&=CHR(127)
100“ FRINT @a40:Ws$
1010 FEM BANSE 4S5 SHE S B A IS F RS H ISR RSP R RS HFRH R F LR SEFHHFERERS
1020 REM THE FOLLOWING SECTION ZETS P THE AIM FOR INPUT AT 0200
1030 REM HH IR LRRIH SRR R H LG RRH LR SRR FHEIR PRSI RIS S FLH SR E RS ERS
Ldad REM
CALL "WAIT",0.3
PRINT @40 '
CALL "WAIT".0.2
READ RI2WS
EOR I=1 TO LEM{LS)
% G(WH,I1,1)
FRINT R240: R
CALL "W&IT",0
NEXT I
Fe=CHR(12)
FRINT 240:K&
CALL “"WAIT",0
ERINT aan-ﬂxu
" lJA Y T n l.'.'
QEM a*&*&a&*4&**»&4#*&%44*&#&4&44&*4&**4&#s#a&4**4a¢4*&q¢*aa4*
MOW READ A LINE AT A TIME FROM THE TREETRION TAFE AND
CER IT TO THE &IM A5, HEEFR E INSTRCTION
SEC

o DIDES NOT MEZED & CARRI
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PEINT BA0:MS
EEINT __ DOWNLOSDING COMPLETE"

N L s LT R EE T T L e S T )
MOW TZLL THE AIM TO EXECUTE THE FRIOGRAM JJST TRANSFERED
L F T e R e e s T

3%, 18) F (35, 14)
ITTO QR M=l TO 13
000 CALL MWATTY, O
100 PRINT @407 s
1200 CALL "WAIT". 0.4
4300 FOR I=1 TO 4

1400 KE=10ZO0"

ASO0 ME=SED (K$, 1, 1)
4500 PRINT @40:M$

4700 CALL "WAIT",0.2
NEXT 1

4700 KE=CHRI1D)

S000 PRINT 240:K$

100 CALL "WAIT",0.4
=200 PRINT 240:"G"
SRO0 CALL "WAIT",0.4
=400 IF T1>0 THEM S200

PRINT "o REWIND THE TAPE AND DEFRESS THE PLAY BUTTON."
BRINT " e HIT “RETURNS TO CONTINUE,"
FEM

FUEM 3036 3 3 35 40 300 35 X0 3 3 36 35 22 36 330 W 3 36 2 34 36 35 I 2 3 SESE O S A W 26 26 303 6 303 Y RN
REM WAIT FOR SIGNAL FROM AIM INBICATING BLOCK HAS BEEN LOADED
ETM 3090 3630 3 3 2 30 36 3 3 35 4 2.4 30 3536 3 36 3696 6 I S W36 35 35 35 36 b 3 36 2 36 343 B 3F S 03 I I 3F SIS H N H I BB
INPUT J$

FRINT @40:KS

TS=THR(10)

EE=CHR(127)

Te=I4F$

INPUT @a0:vYs

IT Y4=I% THEN £500

BT AZ00

R *4**#*#%**§**#*****#*§****&*%*44%%*#************%%##%%*%
BEM  USE THE ‘M- COMMAND ON THE AIM T TRANSFER CONTENTS OF
FEM MEMORY. AFTER PRINTING ONE “M<, THEN PRINT SFACES(S$).
REM 0% I3 THE SHARACTER STRING THAT HOLDS THE CHARACTER

REM TENT USON & “MS COMMAND, H€ AND 0% ARE SEGMENTS OF THIS
SEM CHARACTER STRING WHICH CONTAIN THE HEX DATA. TINCE THE STRING
REM SENT BY THE AIM IMMEMIATELY AFTER THE M- COMMAND IS UNIGUE,
REM SPSCIAL PROVISION 4835 BEEM MADE.

TALL MYSTTr, 0T
B TAMT RANr O

TALL MWAITR. G T

ME LI (]

TETMT Ad0 s Mh

TriEn ! T 2480«

68
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He=3EG(DS, 7,2) '
TEG(DE.4,2)

nS‘ﬂ$*“$

i1, =0

REM#rexaeP INISH DEFTH AND FORCE 342333835 e s 53t ssira sy b sessasy
FOR =2 TOO3Z

ALL M"wait®, 0,7

; PRINT @401 3
SFTO0INFUT e@40: D%

OO He=SEG(D$, 14,2)

?9QO_Q$ SEG(D%,11,2)

10000 H$=R$LHS

10100 GOSUR 328400

10200 D1(.L,N)Y=D

10200 HE=ZEG(D$, 20,2)

10400 DNE=3E5(D%,17,2)

He=QsLHE

SOEUE 244600

F(Jd.N)=D

NEXT o

REM#ssxaeap243ET TURFACE DEPTH AND FOSITION IN RROFILE s@sarsrss
CALL "WAIT", 0.3

FRINT @a0:%%

INPUT RaA0:D%

EG(D%,14,2)

SEG(DS, 11,2)

HE=H&% 0%

GOSUB 24400 )
D1 (23, N)=D

=ﬁ<n$,*0,-
NE=ZEG(DE, 17,2)
HE=$ 0%

GOSUR 24400

2y NY=D

CaLL "RATE", 1200,2,2
NE XT M

EaE R Rl o R O X2



3]

i}

TATO0

3
LB

LENM{HZ) 4 THEN 24200

pou I e BE DS R
]

i
>

Dl BRI

IF X
PRINT
RETURM

X=X-5%

GO TO 3£400.

X=X~-42

M=X%1A*(I~1)

Ti=D+M

NEXT I

RETLREN

FRINT YERROR-EXCEEDED NUMERICAL LIMIT"

26900 RETLRN

LEGAL HEXIDEZIMAL DIGITH

MEFHAEERSEIAEREHLLRRER HEX (HE) TO DECIMAL (D) weas¥tssesrsssst
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FILE

2200

LDA #RC
ETA ¢
LIy 4

el

<

COMNTENTS
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TRANSFER PROGRAM
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S EECGRAM
T RED
IEREM GET THE FILE

100 FIND 5
110 DIM T
nIm B
TNPT @]
TNFUT @
R I=1

Fof I=1 T 21

TALL "WAITY,Z

PRINT @40:0(1,1)

FOR =14 T 2 STEP -1

caLL "WeRIT",Z.S
FRINT @40:C(1,.0)
NEXT !

NEXT I

REM

REM
OE=CHR(13)
Se=CHR (33
TALL "WAIT", 2
ERTMT R430:A%
CALL "WAIT", 1
TRINT @4A0: 5%
CRINT @40: OH%
TALL MWATITY, Y
ENi

SENDE

REM xaxsx TAVE THE DATA-SET

DaTh

RO

b g

TCTexn

73
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SPECIFICATIONS
PRLCISION | GENERALPURPOSE |
T3r1, C3P v3iG I
PERFORMANCE f
Rated Oumtput (R.O)—millivolts porvolt. . .. ... ............ 3 3 I
Cahbintinn Accuracy—% R.O.. . .o 0 e e 0.10 ' 0.25 :
Nonlinearmty—2% R.O.. . ... i e e 0.0% 010
Hysteresis—% R.O.. . ... .. . i i e e 0.02 0.02
Repeatabiitv—"% R.O.. . ... . ... i e 0.02 0.02
Creen—% R.O.. . . . . e 0.03 0.03
ELECTRICAL ,
Excitation, recommended. . . .. ... ...t 12 voits, AC or DC 12 voits, AC or DC |
MAXIMUM . . ottt e ea e naennns 20 volts, AC or DC 20 voits, ACor DC !
Zero balance—% R.O.. ... . e e =1% ; =1%
Terminal resistance, iNpUt—ohmMSs. . .. ....... ... ... .c0uunn. 350 = 3.5 350 = 35
OUtPUL—ONMS . ... ...t iviiii s 350 = 5.0 350 = 5.0
Electrical connecton. . . ... ... .. e e 10 f1. cable 10 ft. cabie
Number of bridges. . . ... ... . . i e one one
Insulation resistance—bridgetoground. . . ................. 5000 megohms 5000 megohms
shieidtoground. . . ................. 2000 megohms 2000 megonms \
TEMPERATURE ' : i
Temperature range, COMPENS3IED . . . . . oo v v e enrnnnennn. +15°F to +115°F +15°Fto0 =-175°F
S, s —30°F to +175°F ~30°Fto ~175°F |
Temperature effect on rated oUTPUL. . . . v v oo e et i e 0.0008% load/°F 0.005% load/°F !
Temperature effect on zero balance. . . .. ... .............. 0.0015% R.0./°F 0.0025% R.O."°F [
ADVERSE LOAD RATING l
Salfe uvelioau — "+ 1aie0 Capucity B e o 150 150 |
Yltmate overlnac—" tated capacity . . ... ... .. e 300 30C i
Maximum sige load without damage—% rated capacity. ... .. .. 10 10 |
Maximum bending moment without damage—% in inch-pounds. 25 25 ’
Maximum torque load without damage—% rated capacity i
ININCh-PoUNAS . e 1C HY :
DOUBLE-BRIDGE SPECIFICATIONS T3P2B, C3P2B u3se :
Same as for above types except: i
Electrical connection. . . . .. ... . ... . i e Bendix connectors 10 ft cables 'l
Numberofbndges. . .. ........ ... ... ... ... .. .. .. WO twWo _]‘

i .'v.gé-s( ovdercA

o CATALOG NUMBERS AND MECHANICAL DATA
receu, 4 [T/ L S

Capacity | U3GT | .- T3P 3P U362 ] T3P28B i carz8 i Wit Defiec | NaiFieq. | ES WL
tbs. | Cat. No. Cat. No. Cat. No. HCuL Nnh Cat. No. Cat. No. | Lb:.,; " t ces 1 lbs.
500 (206159, 206166 | 206173 [2077973) 206306 = 206313 | ¢ | oc7 | 128G ET
1.000 | 206160 | 206167 | 206174 o779 l 206307 | 266314 | o ' o005 | 1800 , 5C
2,000 | 206161 | 206168 | 206175 | 207799 | 206308 ‘ 206315 | & | 005 {2600 i 36
3.000 | 206162 | 206169 | 206176 | 207800 | 206309 | 206316 . 6 | 005 ! 50C | E6
5,000 | 206194 | 202201 | 206208 | 207803 | 206362 | 206369 ; 1G | 007 i 1200 150

10,000 | 206195 | 206202 | 206205 | 207804 ; 206363 | 206370 | 10 ; oG5 | 3400 170

BENDIX Poozcrz-Top ELECTRICAL TERMINATION ! HETE

input— - 1. SYMMeTRiCAL CIRCUIT. The in-
?H - CABLE COLOR CODE PUT Circunt resisiance s sphit sucn
0”'”“‘“;: - INPUT OUTPUT SHIELD t:ar the -efmanc; nctw.eenle.me_r
C. G No Connection Black (~) Red (-) Yeliow 'wﬁﬁ.ln'??s"z:.;: a??c;‘i‘;m fae

:‘!2;5-:‘.::?1:3" AL wn.. Green (+) White (+) . ) 2. For Tension or Compression (ypes

\T or C), Calibration Accuracy
appnes N GIrEClIon, 0 slunaufc
zauon oniy.
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