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(ABSTRACT)

Past efforts at implementing Load Spectrum Generation and Neuber Control have centered
around minicomputers and analog circuits. The use of a personal computer to implement the tasks
is presented. On implementation of the Load Spectrum Generation software, the response of the
Materials Testing System was investigated for distortion and attenuation. In particular, the effect
of the resolution of the waveform on the test system response was noted. There was neglegible at-
tenuation for full scale frequencies of up to 20 Hz. Greater waveform resolution was required at
lower frequencies than at higher frequencies. On implementation of the Neuber Control program,
the accuracy obtained at the Neuber hyperbolas was noted. Better accuracy was obtained at ramp
frequencies below 0.1 Hz.

Based on the results obtained after implementing the Load Spectrum Generator program
and the Neuber Control program, the performance of the personal computer in controlling fatigue
tests is evaluated. Cost effectiveness and versatility favor the use of a personal computer for the

control of fatigue tests.
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1.0 INTRODUCTION

The use of computers in fatigue testing has not been widespread until recently due to the
expense and effort involved. This was mainly due to limitations in technology, namely, speed, ease
of programming, and memory size of the minicomputers that were used. The advent of micro-
computers, especially personal computers, has removed these limitations and permitted tests with
complex control requirements to be carried out with increased versatility and at a lower cost. This
thesis presents the use of a personal computer in the fatigue laboratory to perform two tasks. One
is the generation of a continuous load spectrum based on a given peak/valley load history, and the

other is the on-line control of a fatigue test with specific control requirements.

1.1 Background on Fatigue Testing

Engineering structures such as aircraft components subjected to complex service environ-
ments must be designed to withstand such environments. Effective design of these structures re-
quires, among other things, the knowledge of the behaviour of the material composing the structure

under fatigue or repetitive loading. In the fatigue laboratory, the behaviour of material specimens
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from structures is investigated under simulated or actual conditions. This is done using a materials
testing system. The use of a personal computer is presented in this thesis to provide simulated or
actual service histories to the materials testing system. In another task, the personal computer is
used to monitor and control a fatigue test that simulates the behaviour of a notched specimen by

testing a corresponding smooth specimen with a materials testing system.

1.2 System Overview

The system consisted of a closed-loop electrohydraulic materials testing system interfaced
to an IBM PC-XT through an A/D-D/A interface. The IBM PC-XT was used to generate a
command signal to the materials testing system which contained the test specimen.

The first system requirement was to use the PC to generate a continuous waveform through
a given array of peak and valley points and use the waveform as a command signal to the materials
testing system. This allows for fatigue testing with a command signal that is customized to the user
for a given application, and one that could not be generated by a function generator. The
peak/valley history could be simulated or be from actual service data.

The second system requirement was the implementation of Neuber Control (Appendix
A). This kind of test required the on-line monitoring of the materal specimen response to the
command signal. A ramp signal was used as the command signal to the materials test system. Based
on the response of the test specimen to this loading, the direction of ramping would be reversed
when Neuber's criterion was satisfied. Neuber Control allows for the testing of a smooth specimen
to predict the fatigue life of a notched specimen.

In addition to the two system requirements, it was necessary that the command signal to
the test system have enough resolution at all frequencies and amplitudes of the signal to prevent the
mechanical test system from responding to the staircase command signal generated by the digital-

to-analog converter. In the case of Neuber Control, it was also necessary that sufficient accuracy
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was obtained at the reversal points on the Neuber hyperbolas. Based on the results that would be
obtained for the two tests, the performance of the personal computer in controlling fatigue tests

was to be evaluated.

1.3 Existing Systems

Previous efforts at load spectrum generation have centered around minicomputers and an-
alog computers. Donaldson et al (1) used a minicomputer with a 24K core memory and a modified
BASIC language. They generated sine waves and arbitrary blocks with either varying or constant
frequencies using a Hardware Segment Generator. Richards and Wetzel (2) fit a ramp signal
through a specified peak/valley history. They used a hybrid combination of a digital and an analog
computer to perform the task. The digital computer provided the peak/ valley points to the analog
computer which was used to ramp up/down to the peaks and valleys. The signal was made to decay
exponentially at the peaks and valleys to prevent the mechanical test system from overshooting the
peak or valley.

Neuber Control has been implemented previously using either minicomputers or analog
control circuits. Stadnick and Morrow (3) used a minicomputer with a resolution of 0.05 volts on
the analog-to-digital conversions. The lack of input resolution led to a control error for small values
of the hyperbolic constants. In addition, the input stress and strain signals had to be filtered of the
noise on the signals since the noise caused false triggering of reversals. An approximation to Neuber
Control using an analog control circuit was also used by Stadnick and Morrow (3). This sliding
line control method used a straight line approximation to the Neuber hyperbola and had the ad-
vantage of being inexpensive. However, sliding line control lacks the accuracy and versatility that

could be obtained by using a digital computer.
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1.4 A Different Approach

Based on existing systems for load spectrum generation and Neuber Control,
it was realised that a versatile and accurate system was needed that would have the ability to handle
large amounts of data, and, at the same time , be relatively inexpensive. The use of a personal
computer with a hard disk and an A/D-D/A interface seemed to satisfy the requirements. An IBM
PC-XT with a 10Mb hard disk was chosen. A hard disk was necessary to allow the specification
of large peak/valley histories of the order of 30000 points or greater. An IBM PC-XT was chosen
because of the availability of supporting hardware and software.

Chapter 2 of this thesis describes the basic closed-loop configuration of the Materials
Testing System and its control modes. The system requirements are also presented in detail.
Chapter 3 presents the software algorithms uscd, and the test results, together with the system
performance, are described in Chapter 4. Conclusions on the performance of the PC in fatigue

testing follow in Chapter 5.
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2.0 SYSTEM CONFIGURATION AND

REQUIREMENTS

The system consists of a 20 kip, closed-loop, electrohydraulic materials testing machine (see
Figure 1) interfaced to an IBM PC-XT through a A/D-D/A interface. Callable machine language
I/0O routines were available for the interface. This chapter describes the configuration of the closed-
loop testing system and its modes of operation. Supporting software and hardware used with the

PC is described and the system requirements are then presented in detail.

2.1 System Configuration

2.1.1 Closed-loop Materials Testing System

The closed-loop configuration of the material testing system 1is illustrated in Figure 2. The

IBM PC-XT is used to generate a command signal that is fed into a servocontroller. The servo
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The Materials Testing System

Figure 1.



controller compares the command signal with a chosen feedback signal and generates a control
signal to the servovalve which controls the motion of the hydraulic actuator. The motion of the
actuator loads the specimen attached between grips. A feedback selector is used to provide the
chosen feedback signal to the servocontroller.

The capability of the feedback selector allows for three control modes of operation. Se-
lection of the load signal from the load cell as the feedback signal results in load control. In this
mode, the axial force on the specimen is controlled. Similarly, strain control implies the selection
of the strain signal from a strain gage extensometer as the feedback signal and the control of the
localized displacement of the specimen. Selection of the stroke signal as the feedback signal results
in stroke control whereby the actuator displacement is controlled.

In addition to the three transducer signals being fed into the feedback selector, the
transducer signals are available as external signals that could be monitored by the IBM PC-XT via
the A/D-D/A interface and then used to generate an appropriate command signal based on the
specimen response to a loading. This type of on-line monitoring is utilized to implement Neuber

Control.

2.1.2 Supporting Software and Hardware for the PC

Using programmed I/O to generate the command signals to the test system and the moni-
toring of the material response required the use of A/D-D/A boards for the PC. Data Translation
boards DT2801-A and DT2805 were used (4). A set of machine language I/O routines accompanied
the boards (5). These routines could be called by a high level language to perform 1/O. In addition
to the interface boards, the PC was updated with 640K of memory using a SixPakPlus multifunc-
tion board made by AST Research. RAM drive software accompanied the multifunction board (6).
A RAM dnive is a simulated disk drive in memory that could be used for fast storage during I/O
intensive tasks. RAM drives provide faster storage and access times over regular disk drives. An

IBM Macro Assembler (7) and Turbo Pascal (8) by Borland Corporation were also utilized.
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2.2 System Requirements

There were two main system requirements. The first requirement was to generate a smooth
load spectrum based on a given peak/valley load history. The second requirement was the imple-

mentation of Neuber Control (Appendix A) given a nominal load history.

2.2.1 Load Spectrum Generation

Analog or digital function generators that accompany materials testing systems have the
capability of generating standard waveforms such as constant amplitude sinusoids, square waves
and ramps. However, these generators lack the ability to generate variable amplitude waveforms and
smooth waveforms through user specified peak/valley histories. For such applications, an external
function generator is required that can generate the complex waveforms that are characteristic of
actual service environments. Figure 3 shows three load histories obtained from actual service envi-
ronments. A microcomputer is suited to generate such customized waveforms given the large
number of peak/valley points from the history.

Given a peak/valley history from actual service environments, it was desired that a contin-
uous curve be fitted through the specified peak/valley history using the IBM PC-XT. The waveform
was to be fitted by scaling a full scale cosine between each peak/valley pair in the history. The fitted
waveform was then to be output to the materials testing system as the command signal with the
testing system under load or stroke control. The system would have to have the ability of handling
lengthy peak/valley histories obtained from actual sevice environments.

The decision to use a sinusoid to fit the peak/valley data was based on the ability of the
mechanical test system to respondto such a waveform at frequencies of up to 20 Hz without dis-
tortion. Due to simplicity of generation, another obvious choice would have been a ramp. How-

ever, this choice was discarded since it was felt that the abrupt change in slope of the ramp would
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cause a distortion in the test system response by overshooting the peak or valley. The choice of a
cosine over a sine was arbitrary.

In addition to the continuity of the output waveform, it was to have sufficient resolution
at all amplitudes and frequencies to prevent the mechanical test system from responding to the
staircase signal generated by the digital-to-analog converter. This meant that large amplitudes would
require a greater number of points fitted between the peak and valley as compared to smaller am-
plitudes. The test system response was to be checked for distortion and attenuation at all operating
frequencies.

During the output of the waveform, the frequency of output of the waveform was to be
based on the frequency of a full scale swing (& 10 volts) of the output waveform specified by the
user. The requirement was that the frequency of the output waveform between each peak/valley
pair was to be inversely proportional to the magnitude difference between the peak and valley, with
the constant of proportionality being determined by the frequency of the full scale swing desired (see
Figure 4.). Imposing this requirement would result in a constant frequency waveform for constant
amplitudes with larger amplitudes having a lower frequency. Such a variation in frequency mini-
mizes variations in rate, hence reducing problems of waveform distortion near the response limits
of the test system. This type of a waveform is known as a block variable amplitude spectrum (9).

Full scale swing frequencies of up to 20 Hz were desired.

2.2.2 Neuber Control

The stress and strain behaviour of a notched specimen subjected to a load history could
be simulated by testing a corresponding smooth specimen under Neuber Control (Appendix A).
Implementing Neuber Control requires the on-line monitoring of the smooth specimen stress and
strain response to a loading. Based on the specimen response, the direction of loading would be

reversed when Neuber’s criterion was satisfied.
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It was desired that the test be carried out under strain control. The command signal to the
test systern was to be a ramp signal whose direction was to be reversed on satisfaction of Neuber’s
rule. A ramp signal was chosen due to the case of implementing a change in ramp direction within
the software. Since the test was to be carried out at frequencies below 5 Hz, overshoot by the test
system at the peaks and valleys was not expected. The frequency of ramping was to be a constant
for a given test, but the user was to have the option of chosing a test frequency of up to 5 Hz. In
addition to the variable frequency option, the system was to have the ability to handle large nominal
load histories which could be of constant or variable amplitude. Sufficient accuracy was also desired
at the reversal points on the Neuber hyperbolas.

Another requirement of the test was that the initial direction of ramping (upwards or
downwards) would have to be user selectable to allow the test to begin in tension or compression.
This requirement, together with the ability to accomodate constant or variable nominal load his-
tories, meant that the software was to allow the specification of various types of nominal load his-

tories as shown in Figure 5.
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3.0 SOFTWARE ALGORITHMS

The software implemented to fulfill the system requirements was written using Assembler
and a modified version of Standard Pascal called Turbo Pascal. Callable machine language I/O
routines were available with the A/D-D/A interface and were used with Turbo Pascal to implement
Neuber Control. The Load Spectrum Generation program was written in assembly language. A

8087 Numeric Co-processor was used for mathematical computations.

3.1 Load Spectrum Generator

3.1.1 Use of Assembly Language

Assembly language was chosen over a high level language such as Turbo Pascal or Basic
due to stringent I/O requirements. The need for having a variable number of points for different
amplitudes to meet resolution requirements meant that a read from storage for the number of points

had to be performed for each swing from a peak to a valley or from a valley to a peak. For a high
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level implementation, a read from storage would result in a significant delay leading to a disruption
of the output waveform. Moreover, additional delays at the peaks and valleys would result from the
high level statements that would be required to set the on-board clock period for the block routines
that would have to be used to output the waveform from each peak to a valley and valley to a peak
at a different frequency.

To prevent the delays at the peaks and the valleys associated with high level implementa-
tion, an alternate solution was sought. The use of a tight assembly level timing loop to mect the
variable frequency requirements seemed a feasible solution with the number of points to be read in

from a defined data segment in memory.

3.1.2 Waveform Resolution

To satisfy resolution requirements, a variable number of points were used to fit the
waveform. The number of points used between a given peak and valley was dependant on the
magnitude difference between the peak and the valley, AP and on the number of points, N in a full
scale swing requested by the user (see Table 1). Binary ranges were chosen for ease of computation
within the program. The user was given the option of chosing one of three powers of two for the
number of points, N in a full-scale swing. Three options were provided to accomodate for different
frequencies of the output waveform and to investigate the affect of the resolution of the waveform

on the test system response at various frequencies.

3.1.3 Sequential 1/O from the disk

Since large amounts of data were involved, it was necessary that there be efficient disk 1/O
to store any intermediate files created and read them when required. Disk I/O was performed by

sequential reads and writes after pre-defining the File Control Blocks for the input and output files.
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Table 1. Selection of the number of points between a peak and valley

AMPLITUDE RANGES || N = 128 N=¢g4 | N=32

op

18< AP <20 128 64 32

s< AP <18 64 32 16

2.5¢<AP <5 32 16 8

1.25¢AP ¢2.5 16 8 4

8.625¢/\P «1.25 8 4 2

[\P ¢9.625 4 2 1

N = NUMBER OF POINTS IN A FULL SCALE SWING
REQUESTED BY THE USER
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Extensive use of DOS function calls was made to read in and write out the data via defined buffers
in the File Control Blocks. To read an existing file, it was first opened using function call OFH.
Sequential reads were then performed using function call 14H. Similarly, to write to a new disk file,
the file was first created using function call 16H. Sequential writes were then performed using
function call 15H. Once the sequential writes were completed, the newly created file was closed
using function call 10H. The buffers for data transfer were defined using function call 1AH. The
basic unit of data transfer (record size) to/from the disk was a short real number contained in four

bytes.

3.1.4 Program Structure

The program is structured such that the main program consists mainly of calls to other
procedures that perform a specific high level function. This sort of structured programming made
debugging of the program easier. From the functional viewpoint, the main program performs three
basic tasks as shown in Figure 6. The peak/valley history could not be fitted and output at the same
time because a software timing loop was to be used to provide the appropriate frequency of output
during the output phase.

First, the program is initialized by defining the segment registers, setting up a return to DOS
on exit, and resetting the DT2801-A board. D/A channel 0 is then set to zero volts and the user
notified so that the connection between the materials test system and the personal computer could
be made. Setting the output to zero volts is essential since on boot-up, all channels are set to minus
full scale (-10 Volts). Connection at this point would result in the test system applying a full scale
load, which would generally physically destroy the test specimen and perhaps even other laboratory
fixtures. The user is then prompted for the desired number of points in a full scale swing of the
output waveform, the desired frequency of a full-scale swing of the output waveform, and for the
number of repeatitions of the entire load history desired. The display of the user prompts and data

input from the keyboard are performed using DOS function calls via INT 21H. Display of prompts
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interdependancies

SOFTWARE ALGORITHMS

TASK 1

TASK 2

TASK 3

19



1s achieved using function call 09H whereas keyboard input is performed using function call 0AH.
Other screen functions such as clearing the screen and positioning of the cursor are performed using
INT t0H. Ascii to binary conversion is performed on all user input.

Depending on the input by the user to the prompts, each peak/valley pair is read in from
the hard disk of the personal computer and fitted with a half-cycle cosine between the peak and the
valley. The fitting is done by scaling a pre-defined full scale half-cycle cosine in memory between
every peak/valley pair. Based on the magnitude difference between the peak and the valley, an
appropriate number of points are used to fit the cosine in accordance with Table 1. The fitted
peak/valley pair is then stored back to the hard disk for output later. The corresponding number
of points used to fit the peak/valley pair is also stored in an array. File I/O to/from the hard disk
is performed using sequential reads and writes after defining the File Control Blocks for the input
and output files. The peak/valley history is assumed to exist in a binary file on the hard disk under
the file name DATA.ARR. The fitted data is written back to the hard disk into an intermediate file
named DATAPTS.ARR. It is assumed that the hard disk contains enough free space to store the
intermediate file. Guidelines for determining the amount of free space required by the intermediate
file are given in Appendix D.

The final task of the main program is to output the fitted waveform as the command signal
to the materials testing system via the D/A converter. The frequency of output of the data points
between every peak and valley is dependant on the number of points fitted between the peak and
valley and on the frequency for a full-scale swing of the waveform requested by the user. The timing
for the output of points is provided by a software timing loop. The rate of output of the data points
is varied to maintain a constant slope from each peak to a valley as required by a spectrum
waveform. Timing accuracy to microseconds is obtainable using the timing loop.

The fitted data is output in blocks of 64K. Each block is first read from the file
DATAPTS.ARR and written to the defined extra segment. The block is then output to the test
system through the D/A channel 0 on the DT2801-A board. During the reading of the block from
the intermediate file, the output waveform assumes a constant value that was last output before the

block read began. The time required to read a 64K block is of the order of seconds and is not be-
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lieved to affect the behaviour of the specimen. Once the blocks are depleted, the whole history is
repeated for the number of times requested by the user. The number of times the entire load history
is repeated is displayed on the screen. All the fitted data is not read into the memory at once due
to the limited memory size of 640K. A block size of 64K was chosen based on the largest segment

size that can be defined.

3.1.4.1 Debugging Tool for 8087 Instructions

An 8087 Numeric Co-processor was used to perform mathematical computations and data
transfer. Therefore, 8087 instructions were used in the assembly language program. Debugging of
8086 instructions was done using the DEBUG facility in DOS (10). However, DEBUG does not
accomodate the debugging of 8087 instructions. Thus, a debugging method suggested by Bradley
(11) was used which enabled the viewing of the 8087 stack.

The method involved the use of an additional routine with DEBUG that popped the 8087
stack top into a known memory area when executed. The debugging procedure involved the use
of DEBUG to issue a breakpoint at a specific point in the program where the 8087 stack top needed
viewing. Once control was passed to DEBUG, the additional debug routine, placed at a known

location using the ORG statement, was executed. The routine was as follows:

TENG6 DD 1000000
ORG 400H
BCD_TEMP DT ?
ORG 410H

FIMUL TENG6

FBSTP BCD_TEMP

INT 3
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On popping the 8087 stack top into BCD_TEMP area, INT 3 passed control back to
DEBUG. The BCD_TEMP area could then be viewed using the examine command in DEBUG.
The only drawback to this method was that the program had to be rerun for every breakpoint is-
sued since the 8087 stack top was popped and not replaced whenever the additional routine was

executed.

3.1.4.2 Data Handling Capabilities

The number of points used to fit the cosine between every peak/valley pair is stored in an
array in the data segment. After definition of the File Control Blocks and constants, approximately
60K remained in the data segment for the definition of an array to hold the number of points for
each peak/valley pair in the history. This meant the ability to specify 30000 peak/valley points in
the history since each value occupied a word (2 bytes). 30000 points were considered sufficient for
the definition of most actual environment histories. However, the definition of another segment

to hold additional points is possible and would require additional programming effort.

3.2 The Neuber Control Program

3.2.1 Use of Turbo Pascal Interfaced to I/O Routines

In implementing Neuber Control, the main task required by the program was the contin-
uous sampling of two A/D channels and the simultaneous monitoring for a specified condition. A
high level language interfaced to callable assembly language 1/O routines was chosen to implement

Neuber Control after the assumption that the sampling rate obtainable by the high level statements
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calling the I/O routines would be high enough to obtain sufficient accuracy at the reversal points
on the Neuber hyperbolas. The relationship of the sampling rate on the stress and strain signals to
the desired accuracy on the Neuber hyperbolas is illustrated in Figure 7. The accuracy is dependant
on the sampling rate and the ramp rate. Therefore, low sampling rates with high ramp rates could
cause the reversal to be missed if a high accuracy was desired. The accuracy obtainable for different
ramp rates was to be investigated. Turbo Pascal by Borland was chosen as the high level language

because it provided a good development environment and interface for the IBM PC-XT.

3.2.2 Concurrent processing using DMA

Implementation of Neuber Control required concurrent processing. On one hand, a ramp
signal was to be output as the command signal to the test system. Simultaneously, stress and strain
signals from the test system were to be monitored to check for the satisfaction of Neuber’s criterion.
Various options existed for implementing the concurrent proccesing. The option requiring an
asynchronous DMA output routine with two A/D-D/A boards was used. Board 2 was used to
output the ramp waveform using DMA. The DMA routine was aynchronous whereby it would
return to execute the following statements immediately instead of waiting for the DMA to com-
plete. In this manner, once the DMA statement was executed, board 1 was used to monitor stress
and strain while ramp generation was proceeding. Other options of implementing the concurrent
processing included the design of an external ramp generation circuit (digital or analog) with the
ramp reversal triggered by the computer. The two board option was chosen due to the availability
of a second board. A single interface board could not be used to perform the simultancous tasks
because the on-board processor would become dedicated to the DMA controller on the PC during

DMA thus disallowing any other I/O to occur simultaneously.
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Figure 7. Relationship of the sampling rate to the accuracy obtainable at the Neuber
hyperbolas
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3.2.3 Program Structure

The software algorithm implemented for Neuber Control performs four major tasks as
shown in Figure 8. First, the user is prompted to input the necessary data for the test. The necessary

data includes:

e  The specimen number.

®  The Fatigue Notch Factor.

®  The Modulus of Elasticity.

¢  The specimen area.

¢ The full scale strain.

o  The full scale load.

¢  The desired tolerance on the Neuber hyperbolas.

¢  The ramp rate.

®  The desired initial dirction of loading.

e The desired type of test: constant amplitude or variable amplitude.

¢ The maximum and minimum nominal load values for constant amplitude tests.

Based on the desired initial direction of loading, the analog data values for a full scale cycle

of a ramp are defined in a one-dimensional array. The hyperbolic constants are then computed and
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PROMPT THE USER FOR REQUIRED
DATA AND ACCEPT INPUT FROM TASK 1
THE KEYBOARRD

DEFINE THE RAMP SEGMENTS FOR
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HYPERBOLIC CONSTRNTS

RAMP, MONITOR THE STRESS AND
STRAIN AND TEST FOR THE TASK 3
SATISFACTION OF NEUBERS RULE

ON MEETING NEUBERS CRITERION,
REDEFINE THE RAMP SEGMENTS AND TASK 4
DISPLAY THE REVERSAL POINTS

Figure 8. Major tasks of the Neuber Control Program
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stored in an intermediate file in a RAM drive. A RAM drive is used over a regular drive or a hard
disk to reduce the time lags required to store the reversal points. For constant amplitude tests, the
first and second constants are computed, and then all the others are the same as the second. This
is shown in Figure 9. For constant amplitude 0 to maximum loading, all constants would be the
same. For variable amplitude tests, the hyperbolic constants are all different and are computed after
reading in the peaks and the valleys of the nominal load history from an input file. The intermediate
file is closed once all the constants are computed and stored.

The third task is to begin ramping and monitoring of the stress and strain signals until
Neuber’s criterion is satisfied within the specified tolerance. The two A/D-D/A boards are first in-
itialized. Ramping is then begun using DMA on board 2 while the stress and strain signals are
monitored via board 1. The selection of the boards within the software is done using a
SELECTBOARD command.

Finally, on satisfaction of Neuber’s criterion, the DMA proces is stopped and the location
of a pointer within the analog data value array found. Based on the count remaining from the
bottom of that array, the whole array is redefined so that the ramping direction would be changed.
This is necessary since the DMA routine always begins its output with the first element in the array.
The redefenition process involves the rotation of the array followed by an inversion of the rotated
array as shown in Figure 10. Ramping is then begun again in the reversed direction together with
the monitoring of the stress and strain signals. This process is then continued until the nominal

history ends.

3.2.3.1 Speed-up techniques

It was desired that maximum accuracy be obtained at the Neuber hyperbolas. Factors that
limited the accuracy were the ramp rate selected by the user and the sampling rate of the stress and
strain signals. Therefore, to maximize the accuracy, the sampling rate of the stress and strain signals

had to be maximized since the ramp rate was user selectable and fixed for a given test. The sam-
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pling rate of the stress and strain was a constant dependant on the time required to execute a fixed
number of program statements in the monitoring loop. The statements in the monitoring loop
sampled the two A/D channels, converted the corresponding analog data values to stress and strain,
and then checked for the satisfaction of Neuber’s criterion. The only way of increasing the sampling
rate was to decrease the time required to execute these instructions. This was done using three
speed-up techniques. First, an 8087 Numeric Coprocessor was used to reduce computation time.
Secondly, all constants required within the loop were computed outside of the monitoring loop,
and finally, additional instructions were used to perform the arithmetic absolute function instead
of calling the ABS function provided by Turbo Pascal. This resulted in the saving of time required

to push and pop the return address onto/from the system stack.
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4.0 SYSTEM PERFORMANCE AND TEST

RESULTS

On implementation of the Load Spectrum Generator program, the effect of the waveform
resolution on the test system response was investigated. The test system response was also checked
for any attenuation. On implementation of the Neuber Control program, the accuracy obtained
at the Neuber hyperbolas was noted. The Neuber Control program was also tested with different
nominal load histories. The system performance and the test results obtained are described in this

chapter.

4.1 The Test System Response to Different Spectra

It was imperative that the mechanical test system be able to respond to the applied com-
mand signal without any attenuation. This would affirm the transfer of the command signal to the
specimen effectively. In addition, the command signal waveform would have to be smooth enough

to prevent the mechanical test system from responding to the staircase signal generated by the
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digital-to-analog converter. To investigate the response of the mechanical test system, the Load
Spectrum Generator program was used to generate spectra with different resolutions and full scale
frequencies. The spectra was applied to a test system under load control and containing a smooth

steel specimen.

4.1.1 Effect of Waveform Resolution on System Response

The effect of the waveform resolution on the system response was investigated for a con-
stant full scale frequency of 1 Hz, but with a different number of points corresponding to a full scale
swing. The system response obtained is shown in Figures 11,12 and 13. From the system response,
it was seen that the waveform did not have enough resolution when the number of points corre-
sponding to a full scale swing were 32 and 64. For 128 points, the command waveform was smooth
enough so that the system response approached the the command signal. Therefore, to prevent the
system from responding to the staircase waveform, 128 points should be used for frequencies of 1
Hz or lower. At higher full scale frequencies of 10 Hz or greater, the number of points could be
reduced since the test system will attenuate or smoothen off the staircase at those high frequencies.
In essence, the rate of output of the data points had to be above the frequency response of the test

system.

4.1.2 Attenuation of the Command Wavefrom

The test system response was checked for attenuation at operating frequencies of up to 20
Hz. From Figures 11,12 and 13, it was seen that there wasn't any attenuation at a full scale fre-
quency of 1 Hz. Spectra with higher full scale frequencies were applied and the results shown in
Figures 14,15 and 16. Even at higher full scale frequencies above 1 Hz, there wasn't any signal at-

tenuation. A phase lag was evident at full scale frequencies of 10 Hz and 20 Hz.

“
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Command signal above and test system response below.

Figure 11.
corresponding to a full scale swing
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Figure 12. System response to a spectrum with a full scale frequency of 1 Hz and 64 points
corresponding to a full scale swing
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Figure 13. System response to a spectrum with a full scale frequency of 1 Hz and 128 points

corresponding to a full scale swing
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Figure 14. System response to a spectrum with a full scale frequency of 5 Hz and 128 points

corresponding to a full scale swing
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Command signal above and test system response below.

Figure 15. System response to a spectrum with a full scale frequency of 10 Hz and 128 points
corresponding to a full scale swing
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Command signal above and test system response below.

Figure 16. System response to a spectrum with a full scale frequency of 20 Hz and 128 points

corresponding to a full scale swing
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4.2 Neuber Control Results

The Neuber Control program was tested with the four different types of nominal load
histories shown in Figure 5. A smooth steel specimen 617-12 was used for the tests. Figures 17
shows the results obtained for a constant amplitude test with initial loading in compression. The

inset shows the stress relaxation during constant strain due to the time lag between ramps.

4.2.1 Accuracy at the Neuber Hyperbolas

The accuracy at the Neuber hyperbolas was found using the tolerance on the hyperbolic
constants specified by the user for a given test. The actual values of the hyperbolic constants were
known. At ramp frequencies of 0.05 Hz or less, an accuracy of 0.5% to 1.5% was achieved. This
accuracy corresponded to using a tolerance of 0.001 to 0.005 on the hyperbolic constants. At fre-
quencies above 0.05 Hz, a tolerance of 0.05 had to be used to obtain accuracies of approximately
10%. The accuracy decreased with increasing ramp rates, because, at higher ramp rates, the speci-
men responded faster but the sampling rate remained a constant. Therefore, more samples were
obtainable at lower ramp rates resulting in better accuracy. The accuracies obtained were sufficient

since most tests are carried out at frequencies below 0.1 Hz.

4.2.2 Time Lags between Ramps

Time lags of the order of 500 milliseconds were present despite the use of a RAM dnve to
store the reversal points. The majority of the delay was due to the time required to display the re-

versal points on the screen and to redefine the analog data value array. Time lags of the same order

n
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Figure 17. Neuber Control results for a constant amplitude test
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were obtained by Donaldson et al (1). However, these time lags were not beleived to effect the test

results or the conclusions derived thereof.
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5.0 CONCLUSIONS

One of the objectives of this work was to evaluate the performance of the personal com-
puter in its ability to control fatigue tests. The performance was then to be weighed with the system
cost and the system versatility. Based on the problems encountered and the results obtained in
implementing the Load Spectrum Generator program and the Neuber Control program, an

assesment could be made of the performance of the personal computer in fatigue testing.

5.1 System Performance

Two important performance criteria for computer controlled testing are the sampling rate
and the output rate that could be obtained by the computer system during the test. Two methods
were used to obtain high output rates using programmed output. One was the use of burst output
using assembly language in the Load Spectrum Generator program to obtain output rates as high
as 5 KHz. Higher rates of up to 20 KHz could have been obtained but were not required. The
other method was the use of Direct Memory Access in the Neuber Control program to obtain ramp

rates limited only by digital-to-analog conversion time on the interface board. Although both the
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methods resulted in high output rates, they had their drawbacks. Assembly language programming
required a lot of programming time and the usec of DMA required uninterrupted output at a con-
stant frequency unless an external trigger source was used. An alternate solution for tasks requiring
slower sampling rates was to use a high level language to call assembly language I/O routines. This
method was used to monitor the stress and strain channels in the Neuber Control implementation.
Sampling rates of 200 Hz per channel were obtained. Lower sampling rates were obtained due to
the inefficiences involved with compiled code as compared to assembly code and due to the time
required by high level statements to call the I/O routines.

Another performance criteria pertaining to the computer control of tests is the ability of the
system to handle large amounts of data. Present day personal computers come equipped with hard
disks with that have the capability to store 20 Megabytes or more. Therefore, data handling capa-
bilities are only limited by the amount of memory accompanying a system. The Load Spectrum
Generator program had the capability of accomodating peak/valley histories of 30000 points with
a 10 Mb hard disk. Larger histories could have been accomodated with additional programming
effort but the capability was not required.

The system versatility that can be obtained by using a personal computer for fatigue testing
as compared to other methods of implementation such as analog circuits is also worth considering.
A case in point would be the Neuber Control program, whereby once the essential part of the
program was written to perform zero to maximum loading tests, changing the program to imple-
ment other types of nominal load histories became very easy. Other examples would be the ability
to chose a variable number to fit the peak/valley data in the Load Spectrum Generator program

and the ability to generate ramps of different frequencies in the Neuber Control program.
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5.2 System Cost and Remarks

The hardware needed to implement the two software tools consisted of an IBM PC-XT
equipped with 640K of memory and a 10 Mb hard disk. Two A/D-D/A interface boards were also
required. The system cost would then be the cost of the above items and the relatively minor costs
of licensed software. Based on the results obtained from the two programs, the use of a personal
computer to control the fatigue tests was justifiable, especially due to the cost effectiveness and
versatility obtainable by their use. Testing with high performance requirements on I/O would re-

quire assembly language programming.

5.3 Future Work

In the future, use of the inline facility in Turbo Pascal could be made to interface assembly
language routines to Turbo Pascal. This would allow the use of Turbo Pascal for user prompts and
file input/ output whereas the assembly language code could be used to drive the A/D-D/A interface
and for data transfer during high performance 1/O. Such a high level to assembly language inter-
facing would reduce programming time and cost. This is based on the assumption that there aren’t
any interfacing limitations using the inline facility in Turbo Pascal.

Additional work could be done to improve the accuracy at the Neuber hyperbolas if de-
sired. Other high level languages such as C or compiled Basic could be tried to obtain a faster
sampling rate for the stress and strain signals. Sampling rates of 300 Hz per channel have been ob-
tained using compiled Basic and PCLLAB callable routines with a DT2801 interface board (12).
Even higher sampling rates could be obtained if an assembly language routine were written to
sample the stress and strain. Conversion of the present program in Turbo Pascal to other high level

languages would not be difficult.
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Appendix A. Neuber Control

Due to the impracticality of local stress measurements in notched specimens, the testing
of smooth specimens is often preferred in the fatigue laboratory as these allow the direct measure-
ment of both stress and strain. Figure 18 shows a smooth specimen attached between grips in a
materials testing system. A smooth specimen subjected to a load history under Neuber control
could be used to predict the fatigue life of a notched member under similar conditions (3).

Neuber’s rule relates the theoretical stress concentration factor to the stress and strain

concentration factors as follows: (12)
K, = (KgKg)'?

where K, is the theoretical stress concentration factor, K, is the stress concentration factor and K,
is the strain concentration factor.
For fatigue applications under cyclic loading, this equation reduces to: (3)

(KAS)2

AcAe =
GAe E

where K, is the fatigue notch factor, AS is the nominal stress range, E is the modulus of elasticity,

Ao is the stress range at the notch root and Ag is the strain range at the notch root.
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Figure 18. A smooth specimen attached between grips
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Given a load history, the right side of the above equation becomes a known constant for
a particular half-cycle of the load history. The equation represents the Neuber hyperbola for that

half-cycle. Figure 19 illustrates the manual application of Neuber control for two half- cycles.
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Figure 19. Steps in implementing Neuber Control for two half-cycles (3)
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Appendix B. Guidelines for running the Load

Spectrum Generator program

B.1 Requirements prior to running the program

e  The peak/valley data must exist in a binary file in a one- dimensional array. The file must be
named DATA.ARR and be on the C: drive of the IBM PC-XT. Binary files can be generated
using the MS Fortran Compiler for the IBM PC-XT or with the Fortran compiler on the IBM

mainframe.
®  The peak/valley history must not have greater than 30000 points.
e  The peak/valley data must be scaled down to +10.
o  The history must begin and end with a zero.

e  Make sure that the hard disk(C: drive) has enough free space for an intermediate file that is

generated by the program. The file will be named DATAPTS.ARR. Any existing file on the
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hard disk with this name will be overwritten. Thus, the space occupied by an existing
DATAPTS.ARR file should be considered as free space. Free space of the order of fifty to a

hundred times the memory occupied by the DATA.ARR file should usually be sufficient.

¢ The file GEN_HIST.EXE must exist on the C: drive.

B.2 Running the program

e Boot the IBM PC-XT to the C: drive.
e Make sure all of the above requirements are satisfied.
¢ In response to the C> prompt, type GEN_HIST <ENTER >

The program will then prompt you to connect channel 0 of the D/A board to the Materials

Test system. Other prompts will then follow.

B.3 Stopping the program prior to normal termination

To stop the program at any point, press the CNTRL and BREAK keys simultaneously.

The program will then come to a halt at the end of that repetition of the history.
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Appendix C. Guidelines for running the Neuber

Control Program

C.1 Requirements prior to running the program

¢ A file named SUPERDRY.COM must exist on the C: drive.

e A B: RAM drive must be set up. This could be done by using the command SUPERDRYV
B:/4 in the AUTOEXEC.BAT file on the C: drive.

C.2 Running the program

The executable Neuber Control Program is set up as a COM file called NBR.COM which
is invoked by a batch file called NEUBER.BAT. On exit from the NBR.COM file, the interme-

diate file used for reversal point storage is saved onto the hard disk. This is done to prevent losing
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the reversal point data in the RAM drive which would be destroyed if the computer was tumed

off. To run the Neuber Control Program:

e  Make sure that all of the above requirements are satisfied.

e Boot the IBM PC-XT to the C: drive with the AUTOEXEC.BAT file on that drive. This
would create the RAM drive.

e In response to the C> prompt, type NEUBER <ENTER >

The program will then prompt the user for input.
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Appendix D. Load Spectrum Generator Source Code

The following pages of this appendix contain the source code for the Load Spectrum
Generator program. The defined segments are indicated with double scorings whereas individual
procedures are marked with single scorings and are commented in detail. The registers required by

the individual procedures are also indicated.
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PAGE 80,132
TTTIE GEN_HIST

3 FedededededededededededededodedededededodedededededodedededededodededededededodeTedededededededededo ke dededek dedoddededededede ke kk
¢ Jededededededode e de e Jededede e dededodedo sk dededededededode dedede g dede de dedode o de J do o e dede Jedede ek Jede o dededededo K dode dede ek

DEFINE A STACK SEGQMENT OF 256 BYTES

Kekdekdedekdedddddhdekhdeddddohdhhddededdedeidededhdddododdedodedoddededk dedededededededdededdedod ek
Kkdededededekdekkdehddeddedeokddddddokdehddkdedododeddeddedekdodeddedekdedededededededededdodeddededededede ek

e We We “we we n

STACK SEG SEQMENT SIACK 'STACK!
o) 256 DUP(?)
STACK SEG ENDS

§ Kedededededodedkdokkdeddeddkdkkdodokddedodedekdodedodkddodokddedddkdkddddkkhk gk dokddkddkkkik
o dededkdededededededededededededededededodedededododdododedededededededdodededodode docde dodode Jodededede dedededede de ke e de g do v dek ek

DEFINE AN EXTRA SHGMENT TO HOLD THE FITITED IOAD HISTCRY

dekkkkkkkddhddkhdekdhhkdeohhdodokdddokddokdkde s dededededodededededededededod ko de sk dodedodedode ke d sk
Fekdedededededededededededededodhdedehdedeododedeododdededededededdededededededek dede dedededededededededededede K dededodede o de e dede

we “e Wo “p we n

EXTRA SEG SEGMENT FARA  'EXTRA!
DATATNP DD 16350 DUP(?)
EXTRA SEG ENDS

3 Redekdkdedkdeddekdedededdede ek deddedodeddeddededededdedkdodededededededededodedededededededodededode sk dededededededed ks
§ Fekedekdekdedkdedekdddedededhhhhdededoddedeokdedoddededdoddededodedededed dedededededodedododedodede e dedeJede e oo K o ke

CEFINE THE DATA SHEMENT TO HOID THE THE FIIE CONIROL BIOCKS
FOR THE DATA.ARR AND DATAPTS.ARR FIIES, THE ERRCR MESSAGES, AND
SCME DEFINED COONSTANTS

dedededededededededododededededededededodededkdode dededodesdode dedede dodede K Jede de de K o do e de de e dededededededede e dodededede g e e ke e
Fekdkdkhkkdhhkdhhhhhhhhdhhkddohhhdoddkdodddede okttt st deddcdeded dedede et dedododede K KKk Kk

WE e s we Ne N v v

DATA SEG SHQVMENT PARA 'DATA!

DEFINE THE FIIE OONIROL EIOCK FCR THE FIIE 'DATA.ARR'
FCEREAD TAEEL BYTE

~e we wo

FCB [RIVE DB 03
FCE NAME DB 'DATA
FCEEXT DB 'ARR
FCE BIOCK W 0000

FCE RECSIZ DW 0000
FCE FIISIZ [D ?
FCEDATE DW ?

FCE RESV DT ?
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FCB CRNIRC [B 00
FCE RIMRC [D ?

DEFINE THE FIIE QONTROL EIOCK FCR THE FIIE 'DATAPTS.ARR

~o wp we

FCB DRIVEW [B
FCE NAMEW [B
FCEEXIW [B
FCB BIOCKW DW
FCB RCSIZW IW
FCB FISIZW D
FCB DATEW W
FCB RESW DT
FCB QONTROW [B
FCB RIMRCW [D

DEFINE THE RECCRD SIZE AND BUFFER AREAS FCR THE TWO FILES ABWE
REQCRD SZ1 BU
BUFFERT D

BUFFER2 D
BUFFER3 ID

CEFINE THE IOCATIONS FOR THE ERRCR FIAGS

ERRCR B
ERRCR1 B
ERRCR2 B
ERRCR3 B
ERROR4 B

CEFINE THE ERROR MESSAGES AND THE USER PROMFIS

03

' DATAPTS
IAml

0000

9

:

g

2

00

?

we we “e

88888 § e

~e wa wo

ERRCR MSG1 B '"ERRCR IN OPENING FIIE',10,13,'S!

ERROR MSG2 B '"ERRCR IN READING FIIE',10,13,'S’

ERRCR MSG3 B '"ERRCR IN WRITING FIIE',10,13,'S!'

ERRCR MSG4 B '"ERRCR IN C(REATING FIIE',10,13,'S$!

RF B 10,13,10,13,'$!

PROMPT1 B 'ATTACH D/A CGHANNEL O TO THE MIS. THE CUTFUT CN!
DB ' GIANNEL O IS PRESENILY O VOIIS.',10,13,10,13,'S!'

PROMPT2 B '"PLEASE RESFOND TO ALL THE PROMPIS IN THE FORMAT!
B ' SHOWN.',10,13, '"FOLIOW EACH RESRONSE WITH'
DB ' A RETURN KEY.',10,13,10,13,10,13,'S!’

PRMPT3 DB 'ENTER THE FREQUENCY IN HZ FOR A FULL SCALE SWING'
B ' OF THE QUTFUT WAVEFORM. ',10,13, 'THE RANGE OF VALID!'
B ' FREQUENCIES IS 01 HZ TO 20 HzZ.',10,13,'(THE'
B ' FORAT MJST EE ## EX: 01 CR 15 EIC.)!',10,13,'S!’

PROMPT4 B '"ENTER THE FOWER OF TWO THAT WIIL CORRESPOND TO THE'
B ' NUMBER OF FOINIS',10,13,'IN A FULL SCALE SWING OF'
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o 2] ' THE OUTFUT WAVEFCRM. ',10,13, 'VALID INTFGERS ARE 5,6'
B 'R 7.',10,13,'S"
FRMPIS B '"HOW MANY TIMES DO YOU WISH TO REPEAT THE IQAD'
b 2] ' HISTORY?',10,13, '"VALID INTHGERS ARE 1 TO 99!
B ,10,13,'$¢
DISPFIAY1 IB '"NUMBER OF REPEATTTIONS OF IOAD HISTORY LEFTS'
DISPIAY2 IB v
DISPIAY3 IB 'FTTTING PEAK/VAIIEY DATA........$'

DEFINE THE REQUIRED CONSTANTS AND MEMORY IOCATICNS

~e wo wp

ZERO W 00
ZEROL DB 00
CHECK DB 00
FIRST FT [D ?
Spoad PT D ?
DIFFERENCE [D ?

A D ?

B D ?
QNTR oW ?
ONE W 4
INCREMENT DW ?
PER W ?
QR W ?
RER oW ?
SER oW ?
TER oW ?
UFR oW ?

P W ?

Q oW ?

R W ?

S W ?

T oW ?

U W ?
COUNTER W ?

NO OF PIS W 30000 DUP(?)
ZER PT STF DD 0.625
ONE PTIF D 1.250
TWO PT FIV DD 2.500
FIVE D 5.000
TWO D 2.000
TEN D 10.00
STATS WORD IW ?
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CEITA P D ?
DEITA T D ?
DEL T D ?
c - W ?
MFS D -10.0
QNV GONST D 204.8
DIGOOIE W ?
CONTER2 W ?
FOINTER Dy 0
FOINTFRI W ?
FOINTERZ2 W ?
TEN TO SIX [D 1000000.0
TEN 'TO 'THR D 1000.0
EL DW ?
IOOP CIR DW ?
CQOUNTE o 4 ?
TIME o 4.0
CONSTANT1 W 64700
CONSTANT2 W 65200
CONSTANI3 W ?
FIAG D 0
INFUT AREA TABEL BYTE
MAX 0B 3
IEN B ?
INPT B 3 DUP(' ')
)».2) |$l
TEN FOW D 1
VAIDE W 0
FOURTY o) 40
TWON W 2
QETE DW 128
FOUR D 4
SIX D 6
TENZ2 DW 10
NIRL WRD W ?
QNTRL WRDT W ?
HAIF — D 0.5
SIAT WRD IW ?
REP — oW ?

8
4
:

s dededdddekdkdhhkhhkkhkkhkhkhdkkihhkhhdhikdhkihkiikihdhihikkkhkkdkhhkkkkkki
3 kedkdedekdkddkkdkkkkhkdhhdkhkihihdhihdihkhkiikkkikikikiihiikkikikkkikkikkkkikiki

DEFINE THE OODE SBEQMENT

-e we we we

FekdeRekddddeddkkhkihihhkhhhihdhihdkdhdkhiidkiddkidkkidkkdkdddkdidodkidkikikik
3 dededekeddeddededdddhdhkddkdkddhkdkdhhkdhkididkidkd ki ddddiddkdkdkidkkihikkkkikik
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QOCE SEG SHQENT PARA  'QOLE'

WE NP N e Mo e NME Mg WY W Wy Vg WP Ne Wy "Wy We “o

MAIN QNE  PROC
ASSIME CS:COLE_SEG,DS:DRTA SHG,SS:STACK SHG,ES:EXTRA SHG
DEFINE A FULL SCALE COSINE CURVE FROM +1 TO -1

we wg “o

QS THETA D

88888888888888888888888888

Appendix D. Load Spectrum Generator Source Code

REGISTERS USED: ALL
PROCEIURES CALLFD: AIL (DIRECTLY OR NESTED)

Feddeddkhkikdhhdddokdddddohdddehddhidekddoddcdedcd otttk d otttk i s dod ok ke

MAIN ONE

THIS PROCEDURE IS THE MAIN PROCEDURE OF THE PROGRAM AND CAIIS AIL
THE REST OF THE PROCEDURES (DIRECTLY OR
PROMPIS THE USER FOR THE NECESSARY INFCRMATTON AND THEN FITS THE
PEAK-VALLEY HISTORY IN FIIE 'DATA.ARR' WITH A SMOUTH QOSINE FRIM
EACH] PEAK TO VAILEY AND FROM EACH VAIIEY TO A PEAK. THE FITTED
DATA IS THEN STCRED IN A FIIE 'DATAPTS.ARR' AND FINALLY FULIED
UP INTO RAM IN BIOCKS AND CUTEFUT TO THE MIS USING D/A CHANNEL O
OF THE DATA TRANSIATICN BQARD DI2801-A.

Fodedededodededededededededededededed dodedodedode e dodedodeded dededodededdode g do de e de e T o de de e e e de e de e e e e g s de e e de de e

FAR

1.000000000
0.999698800
0.998795400
0.997290400
0.995184700
0.992479600
0.989176500
0.985277700
0.980785300
0.975702100
0.970031300
0.963776100
0.956840400
0.949528200
0.941544100
0.932992800
0.923879500
0.914209700
0.903989300
0.893224300
0.881921200
0.870087000
0.857728600
0.844853600
0.831469000
0.817584800
0.803207500
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BEBEB888888888888888888888888888888888888888888888888888

0.788346400
0.773010400
0.757208800
0.740951100
0.724247100
0.707106800
0.689540500
0.671558900
0.653172800
0.634393300
0.615231600
0.595699300
0.575808200
0.555570200
0.534997600
0.514102700
0.492898200
0.471396700
0.449611300
0.427555100
0.405241300
0.382683400
0.359895000
0.336889800
0.313681700
0.290284600
0.266712800
0.242980100
0.219101200
0.195090200
0.170961900
0.146730500
0.122410600
0.098017130
0.073564490
0.045067650
0.024541140
0.000000000
=.024541140
-.049067650
=.073564490
-.098017130
-.122410600
=.146730500
=.170961900
-.195090200
=.219101200
-.242980100
-.266712800
=.290284600
-.313681700
-.336889800
=.359895000
-.382683400
-.405241300
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-.427555100
-=.449611300
=.471396700
=.492898200
-=.514102700
=.534997600
-.555570200
=-.575808200
=.595699300
=.615231600
=.634393300
=.653172800
-.671558900
=.689540500
-.707106800
=.724247100
-.740951100
=.757208800
=.773010400
~.788346400
~.803207500
-=.817584800
~.831469600
-.844853600
-=.857728600
-.870087000
-.881921200
=.893224300
=.903989300
=.914209700
-.923879500
=.932992800
=.941544100
-.949528200
=.956940400
-=.963776100
=.970031300
=.975702100
-.980785300
=.985277700
-.989176500
=.992479600
=.995184700
=.997290400
=.998795400
-.999698800
~1.000000000

BBBEEB88888888888888888888888888888888888888888

SET UP NORMAL EXIT TO DCS

~e wo wo

START: PUsH s
SUB AX,AX
PUSH AX

; DEFINE THE DS AND ES REGISTERS
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e “a wo wo ~e

~o we “weo e “wa wa we

~e wo “eo

MV AX,DRTA SHG

MV DS, AX
MV AX,EXTRA SHG
MV ES,AX

RESET THE A/D~D/A DATA TRANSTATICON BOARD INITIALLY. THIS CAUSES THE
QUTEUT OF CHANNEL O TO HAVE -10 VOITS

CAIL,  ERESET

QUTRUT 0 VOLIS TO THE CHANNEL O EEFCRE THE MIS CAN BE ATTACHED TO THE
K

CALL QUT_ZERO
CIEAR THE INFUT FIEID FCR USER INFUT

CALL CIR INFID
CIFAR THE SCREEN INITIAILY AND SET THE CURSCR

CAIL CIR SCRV
QAIL SET"QURS
; DISPIAY PROMET1 TO THE SCREEN
' IFA IX, BROMETL
QAIL DISPIAY
CATL CIR INFLD
;
' MV I0OP CIR, OFFFFH
MV AX, TEN2
CONT WASTEl: CAIL WaIT DEL T
oRC AX
INZ CONT WASTEL
; DISPIAY PROMPT2 TO THE SCREEN
' IFA [, PROMPT2
QIL DISPIAY

“e “o o

MV AX,SIX
COONT WASTE2: CAIL WAIT DEL T
A DEC AX

JINZ CONT WASTE2

~e we we

DISPIAY PROMPT3 TO THE SCREEN AND ALSO BCHO RESEONSE OF USER N THE
SCREEN.

IFA DX, PROMPT3
CALL DISPIAY
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CALL IN SIR
QALL B

CQALCULATE THE QONSTANT,C = 40 * FREQUENCY,F ENTERED ABOVE IN RESEONSE
TO PRIMPI3

~e “wo “e wo

QALL QONVERT
QLL QIC C
CAIL CIR INFID

DISPIAY PRMPT4 TO THE SCREEN AND ONCE AGAIN BCHO THE RESEONSE COF THE
USER ONTO THE SCREEN

.o we Wo wa

IFA DX, PRCMPT4
CALL DISPIAY
QALL IN STR
CALL BID

BASED ON THE POWER OF TWO ENTERED BY THE USER IN RESEONSE TO PROMPT3,
CALCUTATE THE NUMBER OF FOINTS FCR A FULL SCALE SWING OF THE COUTHEUT
WAVEFCRM. THEN FIIL IN THE CORRESECNDING NOMEFR OF FOINTS FCR
DIFFERENT RANGES OF THE OUTFUT WAVEFCRM

e “e %o we “e “wa

MV TEN EOW,1
MV VAIDE, 0
QALL CONVERT
CALL CET RANGES

DESPIAY PROMPIS QN THE SCREEN AND AISO ECHO THE RESECNSE OF THE USER
ONIO THE SCREEN

~e “o “o “o

IFA X, BROMETS
CALL DISPLAY
CATL IN STR
CAILL 1782 8
; THE NUMEER OF REPEATTTICNS OF THE HISTCRY ARE STORED IN IOCATION REP
' MV TEN FOW,1
MOV VALTE, 0
CAIL CCNVERT
MOV AX,VAILE
MOV REP, AX
; DISPIAY DISPIAY3 ON THE SCREEN
' IFA [, DISPIAY3
CALL DISPIAY
: OPEN FIIE 'DATA.ARR' FOR READING THE PEAKS AND VAIIEYS
' CALL OPEN1
ap ERROR1, 00
JZ THERE

JMP Y
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THERE:  CAIL CREATE2
o ERRCR2, 00
JZ THEREL
JMP Y
; IOAD THE FIRST PEAK/VALIEY OF THE HISTORY
THEREL: MWV DI, ZERO
CALL INIT1
CALL READ
P ERRCR, 00
INZ X
FID [BUFFERL)
FSTP [FIRST FT)
FWAIT

I0AD THE SEQCND PEAK/VALIEY, FIT THE COSINE CURVE EEIWEEN THE
TWO FOINIS AND WRITE THE FITTED (URVE TO THE FILE 'DATAPTS.ARR'

~a We we “o

CARRY ON: QALL INTTL

QALL READ
P ERRCR, 00
INZ X
FID [BUFFERL]
FSTP [SBOND P
FWATT
CAIL FIT WRITE
AD DI,Z

; THE SBOCND PEAK/VAIIEY NOW BECCMES THE FIRST PEAK/VAIIEY
FID [SECOND FT]
FSTP (FIRST BT
FWAIT

CINTINUE TO FIT THE PEAK/VALLEYS UNTIL END OF FIIE ENOOUNTERED.
ONCE EOF ENOOUNTERED, CIOSE THE FIIE 'DATAPTS.ARR'

JMP CARRY (N
X: QALL CICSE

QXCE THE PEAK/VALIEY HISTCRY IS FITTED, THE DATA IN FIIE 'DATAPTS.ARR'
HAS TO BE OUTRUT TO THE MIS VIA (HANNEL O OF THE DATA TRANSTATION

DT 2801-A BOARD. THIS IS ACQCMPLISHED IN EIOCKS OF APPROXIMATEIY

64K. FIRST, THE FIIE CQONTROL BIOCK OF FIIE 'DATAPIS.ARR' IS
RE-INTTTALIZED FOR READING.

AGATN1: MW POINTER, O
MV ERRCR4,00

DISPIAY THE NUMBER OF TIMES THE IQAD HISTCRY HAS BEFN REPEATED

e We N Wa s Wy W wy wme we wo

e wo we
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CQALL SET AIRS1

IFA DX, DISPIAY1
CALL DISPIAY
QIL QONVERT' BK
IFA DX, DISPIAY2
QLL DISPIAY

OPEN THE FIIE 'DATAPTS.ARR' FOR READING

~e wo we

CALL OPENZ2
opP ERRCR3, 00
JNZ Y

READ A BIOCK INIO THE ARRAY DATA INP. DI ACTS AS AN INIEX FCR THE
ARRAY. CONSTANT2 [CETERMINES THE SIZE OF THE ERIOCK.

“e we wo o

MV DI, ZERO
MV FIAG,DI

ON: QAIL INIT3
QAIL READ1
ar ERROR4, 00
INZ 2
FID [BUFFER3]
FSTP [ES:DATA INP+DI]
FWATT
ADD DI, 04
aP CONSTANT2, DT
JNE N

OUTFUT THE BIOCK TO THE D/A (HANNEL O OF THE DATA TRANSIATION BOARD
AND RETURN TO IQAD ANOTHER EIOCK

~e we o “o

CALL QUT_EIOCK
IMP o

FUT OUT THE REMAINING DATA IN ARRAY DATA INP

~e “o “o

Z: SUB DI, 4
MW CONSTANT3, DI
MV FLAG, 01
CAIL OUT_BIOCK

CHECK TF WHOLE HISTORY HAS BEFN REPFATED REP NOMBER OF TIMES
IF IT HAS, STOP. IF IT HASN'T, QUTFUT WHOLE HISTORY AGAIN

~e we wo weo

908 REP
JNZ AGATN]
Y: RET

MAIN (NE ENLCP

Rkkkkdkhddkdkhkhkikkhkddkdkkkihddkioddddckddedd it ddedddcdeddedode g doded g dededed dodedo o e

~e weo
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IN STR

THIS PROCEDURE AQCEPIS INFUT FROM THE KEYBOARD . INFUT ARFA
DEFINES, AMONG OTHER THINGS, THE IOCATION WHERE THE INPUT

IS TO EXIST. IN OUR CASE, INFUT ARFA HAS EEEN IEFINED TO EBE
THREE BYTES, THUS ALIOWING TWO CHARACTERS AND A CARRIAGE RETURN
TO BE STORED.

REGISTERS USED: AH,EX,[X.

kkkkhikhdhkhhikkikkhkhhhhddhhdihdhkhkdehhdkiodkkkidkhdkddkikhkdik ok

N We N We e Ne Ne Wo we Wy wo

INSIR  PROC NEAR
MV AH, 2H
IFA DX, INFUT AREA
NT 214
; CIEAR THE CARRTAGE RETURN CHARACTER
' MV B, 00
MV BL, LEN
MOV INPT(EX] , 2CH
RET

Kededededededededkdedededodedodedododededededodedededde e oo do de o e de e dededededede e dede do dode de o Je e e e de Fe Jede Je e de e Je ke e e de

BEID

THIS PROCEDURE DISPIAYS ONTO THE SCREEN THE CHARACTERS IOCATED
AT IOCATION INPT, FOLLOWED BY A CARRIAGE RETURN AND A LINE FEED.

REGISTERS USED: X
PROCEIDURES CAITED: DISPLAY

Fedkddkdkdhdhdddokkhdkhkdiddkidkhikdkihdkihidiihkkidhikidiikikikkkkkkkrikk
B0 PrROC NEAR

WO WMe WO NP N NP WO W We wp “g

IFA DX, INPFT
CAIL DISPIAY
IFEA X, (RF
CALL DISPIAY
RET

B3O ENDP

B T T 2
CIR _INFID
THIS PROCEDURE CIEARS THE INFUT FIEID SO THAT THE NEXT INFUT

WILL NOT QONTAIN ANY CHARACTERS FRCOM THE PRESENT INPUT EXISTING
AT TOCATION INPT.

e %o we W we Wo o
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REGISTERS USED: EX,X

~e we we we

Feddedededededdededdodkdkddddeddddedddkkdokddk gk ik dddkddkddodohdodkdokddodddkodk ki kkdckk
CIR INFID PROC NEAR

MV X,3
MWV BX, 00
BACK: MW INPT[BX],20H
INCG BX
I100P BACK
RET

CIR INFID ENDP

3 Fededededededdededededekddeded dddedededededededededededdededededededdedededededededededededededededodedededdodedekdede ke
;
; CIR SCRN
;
; THIS PROCEDURE CIFARS THE SCREEN
;
; REGISTERS USED: AX,BEH,CX,DX
H
;********************************************************************
CIR SCRN  PRC NEAR
MV cX,0
MV DX, 184FH
MV B, 07
MV AX, 0600H
INT 10H
RET

CIR SCRV  ENDP

e e e Fe de e Je o Je e de e Jo e de I e e Fe e o o e de e e e T o e o v e e e e e e Fe v e de e e de e e e e e e e e e e e de e e ke e ke ke e ek ek
SET CURS

THIS PROCEDURE SEIS THE (URSCR TO THE UPPER IEFT CCRNER OF THE
SCREEN

REGISTERS USED: AH,BH,IX

Fedede oo de e de g de de v v do e e e e e de e K de de de de e dede dedededededede dedededededo dedededede de e e e dededodode oo de e de e dededede Kk

e Me e We WO Wwe "y %o "y “y

SET RS PROC NEAR
- MV X,0
MW B,0
MWV AH, 02
INT 1CH
RET

SET QRS ENOP

Appendix D. Load Spectrum Generator Source Code 66



dedededdk ek kA ke deddokidkdek ekl dek itk doddeiodidokidodcdel otk dodokkeokkodedekidodkkkx
SET CURS1

THIS PROCEIURE SEIS THE URSCR TO THE IOWER IEFT CCRNER OF THE
SCREEN

REGISTERS USED: 2H,BH,IX

Jedekdekedddekdkde Rk Rk ek ki khdkdokdkkkkkddedekddohhddehdedokdododkkddededdodedodeded ek k ki

we WA Ne We Ne Mo WMo “e Wy wo

SET CURS1 PROC NEAR
MOV IH, 18H
MV I0L, OCH
MOV B, OCH
MOV AH,02
INT 1CH
RET

Jedededededododedede JeTo Ko dede Jede de o e dede dede e de dededo s dedo e deJededo oo dedede e dododededededede dehedededodedededededdedede ke kK

QONVERT

REGISTERS USED: AX,BX,X

o Jededededededodededodode dedodododedede ke ke dede g dodedodededededodedededededekdedekdedededededededededededededededededekdekkkk

;
;

;

: THIS PROCEIURE CONVERTS THE ASCIT VAIUES AT LOCATTON INET
: TO BINARY

!

QINVERT  PROC NEAR
MOV X, 10
IFA ST, INPI-1
MV BL, LEN
MV BH, 00
AGATN: MV AL, [ST+EX]
AND AX,
MIL TEN EOW
ADD VAITE, AX
MV AX,TEN FOW
MIL X
MV TEN EOW,AX
DEC BX
INZ AGAIN
RET

dede Jededede dodke Je ke KK dek ke dek dedek gk kkkkkkkkkdokhhkhhhkdokkkkdkkdoddedokkkdekdedehkdkhkkikkk

CONVERT_EK

e we ™o wo “e

THIS PROCEDURE OCONVERTS THE BINARY VAIUE AT REP TO ASCIT COCE
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FCR DISFIAY (N THE SCREEN
RBEGISTERS USED: AX,CX,DX,SI

~e “e “e ws o

dedededodedededodededododedededededodededededededoddedededodododededededededodedokdededodededededededododedodededededede kK ko kkk

CONVERT BXK PROC NEAR
- MW cX,10
TFA ST, DISPLAY242
MV AX,REP
OVER: O AX,10
JB DONEL
XR DX, X
DIV X
R DL, 30H
MV (SI],DL
DEC ST
JMP OVER
DONEL: R AL,3CH
MV [SI],AL
RET

e Fe e de e e Fo e K Je e e de e de v e do Fede e dodededode Je Jededo ek Jede oo e deJedke e do et dede Jodede dedode dedodededodeke dede e dededekok
QAIC C

THIS PROCEDURE CALCUIATES A VAIUE C BASED ON THE FREQUENCY OF

A FULL SCAIE SWING OF THE CUTFUT WAVEFCRM,F INFUT BY THE USER.

C=40*F

REGISTERS USED: AX,CX

Fededekdededekdedekddedkdkkhkkhkkdkhdokddhkkhdhdokkkdokhdkdehdddedokddkdkkkkhkikkikik

WG WME WO WP W NS Np wWp Ns "y “p

QIC C PROC NEAR
MW X, FOURTY
MV AX,VAILUE
MIL X
MV C,aX
RET

QIC C ENDP

sedededededekedededede e dedededdekdedkddededkdokdkdododkdokdodekdkdoddddkdoddedodehokddddddoddokdokdokkodk ok
DET RANGES

THIS PROCEDURE CETERMINES THE NUMBER OF FOINIS IN DIFFERENT
SWINGS OF THE QUTFUT WAVEFCURM BASED N THE NUMBER OF FOINIS
FCR A FULL SCALE SWING ENIERED BY THE USER INITIAILY. FIVE
RANGES BASED ON PFCWERS OF TWO ARE CREATED

e e Ne N NE N Ne o W wo

REGISTERS USED: NCNE
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e g

Fededededeededodododododedededededodededodododededededededededededodedede g dedo e e de o do dode oo JeJede e e o de Je e e de e e Fe e de e de e

TET RANGES PROC NEAR
FIID VAILE
FWATT
QL TWOTZ
FIST PER
FIDIV = TWOW
FIST QPR
FIDIV = TWOW
FIST RER
FIDIV ~ TWOW
FIST SFR
FIDIV = TWOW
FIST TER
FIDIV =~ TWOW
FISTP  URR
FIID QE T E
FIDIV PR
FIML  FOR
FIST P
FIML  TWOW
FIST Q
FIML  TWOW
FIST R
FIML  TWOW
FIST S
FIML  TWOW
FIST T
FIML  TWOW
FISIP U
FWAIT
RET

Fededededededodedededoddededdodode ek dededededodedededekddededed dededededodedodededeiedded gk ke ke kkkddkdokdkkkkkk

TWOTZ

THIS PROCEDURE QCMPUTES THE PFOWER OF TWO CORRESFONDING TO THE
EXPCNENT FOUND AT THE TOP OF THE 8087 STACK (THIS PROCEIURE
HAS BEEN EXTRACTED FROM THE BOCK BY RICHARD STARTZ CN THE
8087-5EE REFERENCE 14 1IN THE BIBIIOGRAPHY)

é

Fekdekkkkhhhhhhdkdhkdodhdokdohkkddkkkdhhihhdkhkddddodokddoddded kot dededdode ook kkdd

TWOTZ PROC NEAR
FUSH AX
FSTOW  QVIRL WRD
FSIOW  QNIRL WROT
FWATT

MG WMe Ne Ne We Wp W W Wo We we Wi
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AND QVIRL WRDT, OF3FFH

xR CNIRL WROT, 0040CH
FIDOW  ONIRL WROT
FID ST(0)™
FRNDINT

FIDOW  CNIRL WRD
FSUB ST(1);ST
FXCH

FID HALF

FXCH

FPREM

FSTSW  STAT WRD
FWATT

FSTP ST(1)
F2XML

FID1

FAIOP  ST(1),ST
TEST BYTE PIR STAT WRD+1,00000010B
JZ WBS 22
FID1

FADD ST,ST(0)
FSCRT

FMOIP  ST(1),ST
WAS 22:  FSCAIE

FSTP ST(1)
FOP AX
RET

TWOTZ ENDP

Fedededodedododedodedededodeded dedokdedededededekedodododeddedededodededededededode dedodede Kk dedodo de ke dededokdk dodokokdde ke ke

OPEN1

THIS PROCEDURE OPENS THE FIIE 'DATA.ARR' FCR READING. FCB 'FCEREAD'
SPECIFIES THE FIIE 'DATA.ARR'

REGISTERS USED: AX,DX

Fedeededekedodedodededodedededode dede dededededede dede e do ke o e dedohe o de Fede o dodedede e dodo e e o e e o e e de oo e e e e e Jode e KK

AT T T TETELTI T TR Y]

OPEN1 PROC NEAR
LEA DX, FCBREAD
MV 2H, OFH
INT 21H
P AL, 00
JNZ ERRL
e FCB_RECSIZ,RBOCRD SZ1
RET
ERR1: MV ERRCR1, 01
IEA DX, ERROR MSG1
CALL DISPLAY
RET
OPEN1 ENDP
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dedekkkdkkddhkhkddddkkkihddohdddkdkddhkddh ki kiokiikdkkddokkdkkkkkk ik

OPEN2

THIS PROCEIURE OPENS FIIE 'DATAPIS.ARR' FCR READING., FCB 'FCBWRITE'
SPECIFIES THE FIIE 'DATAPIS.ARR'

REGISTERS USED: AX,DX
PROCEDURES CALIED: DISPIAY

e Ne Ne WMo Ne "o “e We Wp We we

dedededdedeidkdedkdekdehdedkdkdokdokddkddodkddddeddiddddohddodkkdekk ok ko kkdokkk ik
OPEN2 PROC NEAR

IFA DX, FCBARTTE
MV AH,OFH
INT 21H
ap AL, OCH
JNZ ERR3
MV FCB RCSIZW, REOCRD SZ1
MV FCE_CONTRCW, 00
RET

ERR3: MV ERRCR3, 01
LFA IX, ERROR MSG1
CAIL DISPLAY
RET

OPEN2 ENDP

B L 2 o s
CREATER2

THIS PROCEDURE CREATES FIIE 'DATAPIS.ARR' FOR WRITING TO. FCB
'FCBARTTE'! SPECIFIES THE FIIE 'DATAPIS.ARR'

REGISTERS USED: AX,IX
PROCEIURES CALIED: DISPLIAY

e NP WE e Ne Ne e Np N we “o

dek ke deddededede ki k ke h kg hddkkkkkihkkkkkkkhkkikihhkhhhhhkhkiokkkdhkihkkkhik

CREATE2 PROC NEAR
IFA DX, FCBARTTE
Mw AH,16H
INT 21H
Qr AL, 00
JNZ ERR2
MV FCB RCSTIZW,RECCRD SZ1
RET

ERR2: M ERRCR2,01
IFA X, ERRCR MSG4
CALL DISPIAY
RET
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Fedededodededeededodedededededesdedede s de e dede ke deodedode e e e de e v e e e v e e e dede de e e e ke A ok ok v o e e ok e e e e e e ke ok

CICSE

THIS PROCEDURE CLOSES FIIE 'DATAPIS.ARR'. FCB 'FCBARTITE' SPECIFIES
THE FIIE 'DATAPTS.ARR'

REGISTERS USED: AH,DX

We Me WE “e N Ne W W wp wo

Feokdedededededddedkdokkkkkkdddddddkddedhdhdhdhdddkdokdokihikdokk ki dkiekkkkkkhkkk
CIOSE PROC NEAR

Mmv AH, 1CH
IFA DX, FCBARTTE
INT 21H
RET
CIOSE ENDP

Foddedededodededededededode dedededededededede e dedede e de sk s e e e e v e e e ok ek e e e e e e e e e e ok ok ok o e ke ke e ke ok

DISPIAY
THIS PROCEDURE DISPIAYS THE CHARACTERS FOINTED TO BY IX. DX
MUST FOINT TO THE CHARACTERS TO EBE DISPTAYED WHEN THIS
PROCEDURE IS CALLED
REGISTERS USED: 2H

Fkdkkdkkkhkkkkhhkkhkhhiihkhihiiikihkikhkiikihidididikkikkkikikikiikkk
DISPLAY PROC NEAR

e NP NE W WE e “e Ne o wme wo

MV AH,09
INT 21H
RET

DISPIAY ENDP

Fkkdedkdkdddekdkdhdddhddohkdhkiokkdondddkdok ok fkdddedddhidodk ki ki
INIT],INIT2, INIT3

THESE THREE PROCEDURES DEFINE THE DISK TRANSFER ARFAS FOR
CGHARACTERS TO EE READ IN/OUT FRXM/TO DIFFERENT FILES

REGISTERS USED: 2AH,IX

™ WE N Mo “e “e Ny We We wo

kkdkkdkhkhdkhkhhkhkhhkkhkikkhkikkikikkhkiikkikkikidkhkkikkhhikkikidkkkikhihkkiihkikk

INIT1 PROC NEAR
)y oY AH, 12H
IFA DX, BUFFERL
INT 21H
RET
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INIT2 PROC NEAR
MV AH,1AH
IFA DX, BUFFER2
INT 21H
RET

INIT2 ENDP

INIT3 PROC NEAR
MV 2H, 12H
IFA DX, BUFFERS
INT 21H
RET

INIT3 ENDP

3 Fedededededededededodededodededededededededededesde e dedede dodede dede dededede dedo g dededede o e o de e Fe ok Fe e e de e de ok gk ok ek sk
; READ, READ1
;ﬁESEMIRESREADNQHEQiARACIEGMAFILEANDPLACE’HﬁM
; INTJO THE DISK TRANSFER ARFA PREVIOUSLY DEFINED BY CAIIING A INIT*
7 PROCEIURE. FCB 'FCEREAD' SPECIFIES THE FIIE 'DATA.ARR' AND FCB

; '"FCBARITE' SPECIFIES THE FILE 'DATAPIS.ARR'

’

1

7

REGISTERS USED: AX,IX
; PROCEDURES CATLED: DISPLAY

Fedededededededededededededede ek dededede dededodedk kg deded dedodedo ke doded ke Fede ke dede ek dodede ke dededode e dode dede e ded dode

READ PROC NEAR
MV 2H,14H
IFA DX, FCEREAD
INT 21H
QP AL, 00
JZ CORCT READ
QP AL,03~
JZ CORCT READ
MV ERROR, 01
P AL,01
JZ CORCT READ
IEA DX, ERRCR MSG2
QAL

QCRCT READ:RET

READ ENDP

READL PROC NEZR
MV 2H,14H
IEA X, FCBARTTE
INT 21H
ar AL, 00
JZ CORRECT
aP AL,03
JZ CORRECT
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arp AL, 01
JZ QORRECT
IEA DX, ERRCR MSG2
CALL DISPLAY
QRRECT: RET
READL ENDP

dJededededededededededededesde dekededodede o de e dededede de e ek e de e de e de e e e e 3o e de e e e vk e e e e de e de e ek de e e e e ek e

WRITE

THIS PROCEDURE WRITES CHARACTERS FRCM A DISK TRANSFER ARFA
DEFINED PREVICUSLY TO A FIIE. FCB 'FCBARITE' SPECIFIES FILE
'DATAPTS.ARR' .

REGISTERS USED: AX,IKX
PROCEIURES CAITFED: DISPLAY

e e W8 e WE e e “e %o we “o wo

dekdededededededededdedededdededekdededed ok ddddddddoddededddod ke dedededdedek sk dekdk ek dk ek ko
WRITE PROC NEAR

MV 2H, 15H
LEA DX, FCBARTTE
INT 21H
QP AL,00
JZ QORCT WRITE
LFA IX, ERRCR MSG3
QALL DISPLAY
CORCT WRITE:RET
WRITE ENDP

e e e e e e e e s s e o e e e e e e s e v e oo v v e e e e e e e e e Fe e e e T e e e e e e e e vk ok e e e e e e e Fe e e e e e Fe g ke
FIT WRITE

THIS PROCEDURE FITS A SMOOTH OOSINE BEIWEEN TWO FOINTS AND
WRITES THE ROINIS CORRESECNDING TO THE FITTED CURVE TO

A FIIE. THE NUMBER OF FOINTS USED TO FIT THE CURVE IS
DEPENDANT ON THE SWING FROM THE FIRST FOINT TO THE SEQCND

REGISTERS USED: NONE
PROCEDURES CALLED: DET FOINTS,FIT

; RedhkkRdkihihkkkdkdhkikikikikkikhdkdiokdhddiikidikiddkdidkiidkikdkkkikkkkkk
FIT WRTTE PROC NEAR

N NE N NG WP We WE Ne e Ne wo Wy wo

FID (FIRST PT]
FID [SECND PT]
FSUB

FST DIFFERENCE
FDIV WO
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N WO NP WS NG We We Wa “p o W g

[FIRST PT]
(SECND _FT]

DET FOINIS
FIT™

Fekkdkdhkkklokhkkhkhhkkhdkhkikkkhkkkkkiokkhhkkhikdkkkikihkkikkhkhkkiddkkkkikkk

TET FOINTS

THIS PROCEDURE CETERMINES THE NUMEBER OF FOINIS TO BE USED TO
FIT THE QOSINE EEIWEEN TWO FOINTS BASED ON THE SWING BEIWEEN
THE TWO FOINTS. THE RANGES MUST HAVE BEEN CETERMINED PREVICUS
TO THE CALLING OF THIS PROCEDURE BY THE PROCEDURE [DET RANGES

REGISTERS USED: AX,DI

Kkkdkkdkkhhkkkkkkhkkkkhhhkhhkkkkkhkkkkhhkhihkhkhkkkhkkhkhkkikhihhkikhkkhhkkkhkkikk

TET _FOINTS PROC NEAR
= FID DIFFERENCE
FAES
FST DIFFERENCE
FOMP  TEN
FSISW  STATS WORD
FVAIT
MV AH,BYTE PIR STATS WORD+L
SAHF
JB HEREL
JE HEREL
IMP FST RANGE
HEREl:  FID DIFFERENCE
FOMP  FIVE
FSTSW  STATS WORD
FWATT
MV AH,BYTE PIR STATS WORDHL
SAHF
JB HERE2
JE HERE2
IMP SEC RANGE
HERE2:  FID DIFFERENCE
FOMP  TWO PT FIV
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SEC RANGE:

THR RANGE:

STATS WORD
2H,BYTE PIR STATS WORD+1

AX,PER
[NO OF FIS+DI],2X
QuR,aX

14

QONTINUEL

AX,Q
INCREMENT, AX
AX,QFR

[NO OF PIS+DI],AX
CNIR, AX

’

QONTINUEL
AX,R

AX,RER
[NO OF PIS+DI],AX
QVIR, AX

14

CQONTINUEL

AX,S
INCREMENT, AX
AX,SER

AX
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MV QNIR, A%
JMP CONTINUEL
FIF RANGE: MOV AX,T
MV INCREMENT, AX
MV AX,TER
MOV [NO OF PTS+DI],AX
MV QVIR,AX
JMP CONTINUEL
STX RANGE: MOV AX,U
MV INCREMENT, AX
MV AX,URR
MV [NO OF PTS+DI],AX
MV VIR, 2X

o ek kkkkhkkdkkkkkkkhhkkhkikikkkhdhhhikhhkhhhkhkkhkkkhkdkhhhkkkkikikhhkkhkhkkikk

FIT

THIS PROCEDURE FITS THE COSINE QURVE BEIWEEN TWO POINTS AND WRITES
THE FITTED CURVE TO THE FIIE 'DATAPTS.ARR'

REGISTERS USED: BX
PROCEIURES CALIED: INITZ,WRITE

WO We e W We We "o W W ™

s dodkkdkkkkdddkkddkddhkkkdkdkkdokdkdkkkikdkdkikdkikhkkkkkikdkkikhhkkikkikkkirkk
FIT PROC NEAR

-

MV BX,ONE
CONT WRT: FID [Q0S_ THETA+EX]
FMUL B
FAID A
FSTP [BUFFER2)
FWATT
QAIL INIT2
CAIL WRITE
ADD BX, INCREMENT
DEC QIR
JNZ CONT WRT
RET
FIT ENDP

Fedededededede v de dede e e de de dedode e e do do dode e oo e de e e de de de de Je e e dode e e devedededede de g de e de e dede e dode e e e dede de ek ok

RESET

~e we “o wo we

THIS PROCEDURE RESEIS THE A/D-D/A DATA TRANSIATION BOARD DI2801-A
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REGISTERS USED: AL,IX
PROCEIURES CALLED: FOLL STATUS

e L L L e T 2 P
RESET PFPROC  NEAR

Sendthestopcmnardto.thecmmarﬁregister

“e “o %o we wo

we wo we

MV I, 02ETH
MV AL, OFH
auT IX,AL
:' Bty aut poart initially
' MOV IX, 02BCH
IN AL,IX
; Poll the status register until READY bit is set
' CALL FOLL STATUS

Write the reset camard to the cammand register

~e e wo

MOV I, 02ETH
MV AL (H
ouT X AL

; Read the DATA OUT register

' MV I, 02BCH
N AL IX

RESET ENDP

e e e e e e e Fe ok e e e e e e e e e T e e e v de e e e ke Fe o Fe o e de v de e de e de e do dede dede e Je e de e e de e ek e de ke ek ke ke ok ok
QUT_ZERO
THIS PROCEDURE CUTEUTS 0 VOLTS TO GHANNEL O OF DI2801-A

REGISTERS USED: NONE
PROCELURES CAILED: WRITE D TO A

3 dededededededdedededek dededededededededededededededededededededededkdededede deddededdededededededededededededede dededededededededek
QUT ZERO  PROC NEAR

Ne ™e Ne We We we “e wo “o

-

MV DIG QODE, 080CH
QL WRITE D TO A
RET

QUT_ZFRO ENDP

Rkkdkkhkdddkhkdkkkdkhkikhkkhikihikikkdkikikkdkhkhkkhihhkhiiikkkikikikkiikkkik

.
’
.
’
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e WE MO WE NS WP WE WO WG WP WE WG WG We WE Ne WP W W WO We o W Wy W “o

8
:
:

~e “eo wo we

~e wo wo “e “e “e “e

~e wo “o

.
’
.
14

f%

OUT_EIOCK

THIS PROCEDURE CALCUIATES THE SAMPIE INTERVAL BEIWEEN DATA
POINIS FCOR EACH PEAK-VALIEY PATR IN A BIOCK AND THEN QUTFUTS THE
DATA FOINTS TO THE D/A CHANNEL.

DEITA P = VOLTAGE DIFFERENCE BEIWEEN PEAK AND VALIEY

C = QONSTANT = 40*FREQUENCY OF FULL SCAIE SWING

DEITA T = TIME DIFFERENCE BEIWEEN PEAK AND VAIIEY = DEITA P/C

IEL T = SAMPLE INTERVAL BEIWEEN FACH PAIR OF DATA FOINIS
FROM PEAK TO VALIEY = DEITA T/SAMPLES

SAMPLES = § OF SAMPIES BEIWEEN A PEAK AND VALIEY

MFS = MINUS FULL SCALE SEIECTED FCR THE D/A CHANNEL

OONV_QOONST = QONSTANT USED TO QONVERT ANAIOG VOLTAGE VAIUE TO A
DIGITAL QOCE

DIG QODE = DIGITAL QODE OCRRESFCNDING TO AN ANAIOG VOLTAGE VAIUE
OURTER1 = KEEPS QOUNT OF THE PEAKS AND VALIEYS IN A BLOCK
QUNTERZ2 = KEEPS QCUNT OF THE SAMPIE FOINTS EETWEEN A PEAK-VAILIEY

PATR
REGISTERS USED: ALL

PROCEDURES CALLED: FOINT,WRITE D TO A,FIXTT,WAIT DEL T

Kkkkkkhkkhkkhkkkhkkhhdkikhkhhikkhhkkhhkikhkkihkikdokkikkkhkkikiikkhkkikikkkk

NEAR

FOINT TO THE NUMBER OF FOINIS CQURRESPFCNDING TO THE PEAK-VALIEY PATR
AND SET A QCUNIER TO THAT MANY FOINTS

Mw
Jy o,
MV
y .54

FOINTER1, O
FOINTER2,0

DI, FOINTER

CX, [NO OF PISHIT]
COUNTERZ,, X

’

FOINT TO THE NIMEER OF POINIS QURRESRECNDING TO THE NEXT PEAK-VAIIEY

PATR
AD

POINIER, 2

SET SI TO FOINT TO THE PEAK/VAITEY

v

SI,POINTERL

FOINT TO THE CORRESFONDING VALIEY/PFAK

CALL

MV
SUB
MV

POINT

BX, FOINTER1
BX,4

DI, FOINTER2

INTTTALISE THE 8087-NIMERIC DATA PROCESSCR
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E
.%

FID ES: [DATA INP+SI]
FID ES: [DATA INP+EX]
FSUB
FABS
FST DEITA P

; CAICUIATE DEITA T = DELTA F/C

' FIDIV @ C
FST DEITA T

CALQUIATE CEL T = CEITA T/# OF SAMPIES BEIWEEN PEAK AND VALLEY
FIDIV QOUNTER2

we we we

FMUL TEN TO SIX
FDIV TIME —
FISTP IOOP CIR
FWATT -

CALQUIATE QOCE TO BE QUTHUT TO D/A CHANNEL

~e we o

QONT_CUTFUT: FID ES: [DATA INP+DI]
FSUB MFS
ML CONV_CONST
FISTP  DIG OOE
FWATT

CUTHUT COCE TO D/A CHANNEL

we wo wo

CALL WRTTE D TO A
WATT FOR [EL T SEOONDS

~e ™o “e we

CAIL WAIT TEL T
FOINT TO ‘THE NEXT DRTA FOINT

~e wo we

ArD FOINTERZ 4
MV DI, FOINTER2

DECREMENT THE OOUNTER AND (HECK IF ALL SAMPIES BEIWEEN PEAK
AND VAIIEY HAVE BEEN CUTPUT. IF THEY HAVE NOT, QCNTINUE TO
QUTHUT THE FOINIS. IF THEY HAVE, (HBCK IF THE WHOLE BIOCK

HAS BEEN CGUTPUT.

~e wo e we “o np

EC COUNTER2
JNZ QNT_OUTRUT
041 FIAG,01
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JE GEX1

THE WHOLE BIOCK HASN'T BEEN OUTFUT. GONTINUE TO CUTEUT
THE FRESENT BIOCK.

g “e we we

QP QONSTANT1, DT
JB FIX
QONTIN: JMP BEGINNING
CHECKY:: ap QONSTANTS, DI
JEE aor
JMP QONTIN
FIX: QAL FIXIT
QuT: RET

Fecdededededededededededededodede o do e dedodede e dedodedededede ok dede e de ek dodedededede dedede g de e dede gk de g s de g de dede s e ke

FIXIT

THIS PROCEDURE MOVES THE REMAINS AT THE END OF THE PRESENT BIOCK
TO THE BEGINNING OF THE NEXT BIOCK.

REGISTERS USED: EX,DI

WO Ne We NE NP Ne N “p Ne wo

dekdkkdkkdkkdkkddkkdkidkkkidkiddhkikdiikhdkididkididdkikdiikdkieckdkkikkikkik
FIXIT PROC NEAR

MV DI,ZERD
jyo.v4 BX, FOINTER1
UPl: FID ES: [DATA INPHEX]
FSTP ES: [DATA INP+DI ]
FATT
AID DI,4
AID POINTER], 4
MV EX{, FOINTERL
op BX, CONSTANT2
JAE DCNE
JMP UPl
DONE: RET
FOOT ENDP

deke ek dekdkdoddedded ko ke dok dok dodeddedkokdodededok dededod k ke doded g dode e v dodede dede ke de sk K v de e de ke Jede ke ok ke ok
FOLL, STATUS
THIS PROCEDURE REPEATEDLY CHBCKS THE STATUS REGISTER OF THE

A/D-D/A BOARD UNTIL THE READY BIT IS SET. IT THEN RETURNS
TO THE CAILING ROUTINE.

AT T T T T T T ¥

REGISTERS USED: AL,BL,IX
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:
s Rkkkkkkkkkkkkhkkhkkkhkhrkhhkkhkkkkkhhhkkkikhkikkkkkhkhdkhkhhkhhkkkikik

FOLL STATUS  PROC NEAR

CONTT: MWV DX, 02ETH
™ AL,DX
MV EL,04
AND EL,AL
JZ CONTL
RET

FOLL STATUS ENDP

dedededededododedodedodedodedekdededkdededkdkdkhkdodededkdoddedekd s g de kg hdkkkdkkkkikkkkikkk
WRTTE D TO A

THIS PROCEDURE QUTFUTS A VOLTAGE TO THE D/A CHANNEL O
BASED OGN THE DIGITAL QOCE IOCATED AT DIG OOCE

Fedededodedededodede e dede v dodedeJeJe o de Je e e e e sk Fedede do Jedede de dede de e dodode dedede dede e e dede de o de e dededede ek kk ke

we Wy e We “e “p “p wo

WRITE D TO A BROC NEAR
; Output the STOP cammand to the camard register
' MV I, 02ETH

MV AL, OFH

ouT IX, AL
; Bty out port initially
' MV I, 02BCH

N AL, DX
; Foll the status register until READY bit is set
' CAIL FOLL, STATUS
; Output the CIEAR camrard to the cammand register
' MV AL, O1H

ouT IX,AL
: Poll the status register until READY bit is set
' CALL FOLL STATUS

Semd WRTTE D/A IMMEDIATE cammand to the command register

MV AL, 08H
T DX,AL

-e we wp

-e
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Wait until DATA IN FULL flag is cleared
QALL DATA IN
Cutput the DAC SEIECT byte to the Data In register

~e “weo

e ws wo

MV IX, 02ECH
MOV AL, CH
our IX,AL
; Wait until DATA IN FULL flag is cleared
' CAIL  DATA IN
:' Outpuat low byte to DAC O
' MV AX,DIG COLE
MV I, 02ECH
ouT IX,AL
; Wait until DATA IN FULL flag is cleared
' CAIL DATA IN
; Output high byte to DAC 0
' MV DX, 02BCH
MV AL, 2H
ouT IX, AL
:' Foll the status register for the ready bit setting
' CAIL FOLL STATUS
RET

WRITE D TO A ENDP

Fedededededok dodo ke de ke de ko dedede sk dok o dedo ke do e do ke dedo ke dode de e do ke do ke do ke dodedo e ke de e dodk do e de K de e dode ek e de ok
DATA IN
THIS PROCEDURE CONTINUOUSLY CHECKS THE STATUS REGISTER
UNTTIL THE "DATA IN FULLM FIAG IS CIFARED. IT THEN RETURNS
TO THE CALLING ROUTINE.
REGISTERS USED: AL,BL,IX

dedededededodede dededodedodededededodededodededededede dedede dodode de e dedededede ek de ke dede ke do dededede ke dedodede e dede ke ek ke ok

N We WMo WG Ne W “e “e N “g “o

DATA IN PROC NEAR
001V H MV DX, O2ETH
IN AL, IX
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MV BL, 02

XR BL,AL
AD EL, 02
JZ CONT?2
RET

DATA IN ENDP

Fedededededededode Jodode e do e dede o e de dede Jo e e dede e e Je de de e do e Je e de e Jode e dedo o e Jede o de do e e de e de e dede e e e e e de ke ek ek
WAIT [DEL T

THIS PROCEDRE PROVIDES A LDETAY BASED (N THE COUNT AT IOCATICON
IOOP CIR

REGISTERS USED: X

WE W Ne W NE We wE Ny we wo

Kkhkkkhdkhkkkdkhkhkhkhkkhhkhkkhkkikikkhkhhhihhkhikkhhkkihkhkikikhkkikihkhkkkikkikkkkkkkk

WATT DEL T  PROC NEAR
MV X,100P CIR
HERE:  IOOP HERE
RET

WATT [EL T ENDP

T g e de e deJe e Je e Je e Je v e Je T Fe de de e e e e T e e de e v o e Fe e e e o e e e e v g v Fe 3k e 3k e e e e e e e e e e e e e e ke de dede e e ke
FOINT

THIS PROCEDURE FOINTS TO A PEAK/VALIEY CCRRESECNDING TO A FOINT

REGISTERS USED: CX

we ™e e We W WMo W we W

Rkkkkkhkkikkkkkkikkkkikkkhdkkiddhidkihiddodddddededdededded kit kdd gk ik kkkik

FOINT PROC NEAR
MV CX, COUNTER2
MV QOUNTE, CX
10P: ADD FOINTER1, 4
DEC COUNTE
JINZ 10P
RET
FOINT ENDP
COLE SEG ENDS
END START
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Appendix E. Neuber Control Program Listing

The following pages of this appendix contain the source code for the Neuber Control
program. Comments are indicated within curly brackets and the Pascal program statements are
shown in capitals. The program is commented from a functional viewpoint instead of individual

statements to provide a neat listing of the program.
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PROGRAM NEUEER (INFUT, CUTFUT) ;
{Include the KCIAB rautines for Twurbo Pascal)

{Define canstants, labels, variable types ard the variables)

C80=3;

ZFERO=2048;
FOUR=4E+05;
(QONST1=4.8828125E~-03 ;

IABET, CONTINUE, QUIT, BEGINAGATIN;

TYPE
TWORRRAYS=ARRAY[1..2048] OF INTHGER;
DIRECTICN=(UP, DOWN) ;

VAR
RA'IES].SZCKFEII!HIASREAL
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{Set up the screen for text ard the desired color of text)

CIRSCR;
TEXTMODE (C80) ;

TEXTBACKEROUND (BLACK) ;
TEXTOOLOR (GREEN) ;
{Display title amd then prawt the user for input)
WRTTELN(' NEUBER QONIROL') ;
WRITEIN( Y:
WRITEIN;

TEXTCOLCR (CYAN) ;

WRTTE ('ENTER THE DATE: ');
REALIN (DATE) ;

WRITEIN;
WRITE( 'ENTER THE FATIGUE NOTCH FACTOR, KF: ');
READIN (KF) ;

WRTTEIN;
WRITE ('ENTER THE MODULISS OF EIASTICITY, E IN KSI: ');
READIN(E) ;

WRTTEIN;
WRITE( 'ENTER THE SPECIMEN ARFA IN INCES SCXARE: ');
READIN (AREA) ;

WRTTEIN;

WRITE ('ENTER THE FULL SCALE STRAIN: ');
READIN (FSSTRAIN) ;

WRITEIN;
WRITE('ENTER THE FULL SCALE IQAD IN KIPS: ');
READIN (FSSLQAD) ;

WRTTEIN;

WRITE ( 'ENTER THE TOLERANCE DESTRED ON THE HYPERBOLIC CONSTANTS: ');

READIN (TOL) ;

WRITEIN;
mg'mmmmmmmmm
WRTTE(' SIGQWAL: ');

READIN (RATE) ;

WRITEIN;
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WRTTEIN( 'WHAT IS THE INITTAL DIRECTION OF RAMPING DESIRED?');
WRITE('ENTER A 1 FCR UP CR A 2 FOR DOWN: ');

READIN(IDIR) ;

WRTTEIN;

’

WRITE('ENTER 1 FOR A CONSTANT AMPLITULE TEST CR 2 FOR A VARTAHIE ');
WRTTE (' AMPLTTULE TEST: ');
READIN (HISTORY) ;

{Set wp the initial direction to tension ar canmpression)

IF IDIR=1 THEN
DIR:=UP {Tension)

DIR:=DOWN; {Camression)

{Based on the initial direction of ramping, set up the)
{analog data value array accordirgly)

ANATOGARRAY(1] :=ZERD;

FCR K := 1 TO 511 DO BEGIN
ANATOGARRAY([K+1] := 2048+ (4*K) ;

END;

ANATOGARRAY([513] := 4095;

FCR K := 513 TO 1535 DO BEGIN
ANATOGARRAY[K+1] := 6144-(4*K);

END;

FR K := 1536 TO 2047 DO BERGIN
ANATOGARRAY [K+l] := (4*K)-6144;

BD;

IND;
EISE
BRGIN

ANAIOGARRAY( 1) :=ZERD;

FOR K:= 1 TO 512 DO BEGIN
ANATOGARRAY[K+1] := 2048—(4*K) ;

END;

FOR K := 513 TO 1535 DO EEGIN
ANATOGARRAY([K+1] = (4*K)-2048;

END;

ANATOGARRAY[1537] := 4095;

FOR K:=1537 TO 2047 DO BEGIN
ANATOGARRAY[K+1] := 10240~ (4*K) ;
’

END;
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{Assign variable names to the intermediate file TEMP.DAT)
{ard results file RESULTS.DAT)

ASSIGN (INTERMFITE, 'B:TEMP.DAT') ;
REWRTTE (INTERMFILE) ;

ASSIN(RESULTFILE, 'B:RESULTS.DAT') ;
REARTTE (RESULTFILE) ;

{Campute the hyperbolic constants deperding on wether a )
{constart amplitide test is required or a variable amplitude)
{is desired)
CASE HISTORY OF
{Constant amplitide test)
1:

BEGIN
{Prampt the user for the maximm and minimm naminal stress)
{anmd the rumber of constant amplitide cycles)
WRITEIN;
WRITE ('ENTER THE MAXIMUM NCMINAL STRESS, SMAX IN KSI: ');
READIN (MRX) ;
WRTTEIN;

WRITE('ENTER THE MINIMM NOMINAL STRESS, SMIN IN KSI: ');
READIN (SMIN) ;
WRITEIN;

WRITE('"HOW MANY CYCLES OF CONSTANT AMPLTTUDE?: ');
READIN (CYCIES) ;
{Campute the range)
DELTAS : =SMAX-SMIN;;
TEXTCOLCR (RED) ;

{Inform the user that the hyperbolic cnstants are being)
{camuted by the program)

{If the test is not 0 to maximm loading, campute the first)
{canstant separately based on the initial direction of)
{loading ard store it in the intermediate file)

IF SMIN<0.0 THEN BEGIN

IF IDIR=1 THEN
SDIF:=9MAX
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EISE
b SDIF:=SMIN;
C:=SCQR (KF*SDIF) /E;
mVRTIE(DTIEH’IF]IE,C) H

{Camute tben.mberofrevexsalsarxiﬂaeretalrderofthe)
(hﬁe‘d:ollcom'stantsarxistoretrmmthemenredmte}
file)

N = 2*CYCIES;

C = SCR(KF*[ELTAS) /E;

IF MIN<0.0 THEN BEGIN
FOR J:=2 TO N DO

BEGIN
WRITE (INTERFFILE,C) ;
IND;
END
EISE BEGIN
FOR J:=1 TO N DO
BEGIN
WRITE (INTERMFITE, C) ;
END;
CLOSE (INTERMFILE) ;

.
[

EISE {Variable amplitude test)

BEGIN
{Infarm the user that the hyperbolic canstants are being
{camputed) )
TEXTOOLOR (RED) ;
WRITEIN;
WRITEIN;
WRTTEIN (' COMPUTING HYPERBOLIC QOONSTANTS.eeee... ')

{Omp.rteﬂ)ehypeﬁoollccnstantsbasedmthevarmble
Emnmalh;stoxypzmdedmthemmTfnlemthe}}

N:=0;

ASSIQN(INFILE, 'C: INFUT.DAT') ;

RESET(INFILE) ;

READ(INFIIE,S]) ;

WHITE NOT EOF(INFILE) DO
BEGIN

READ(INFIIE, S2) ;

DELTAS := ABS(S2-51) ;
C :=SQR(KF*DELTAS) /E;
WRITE (INTER¥FIIE, C) ;
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Ne=H1;
S1:=52;
BD;
CILOSE (INTERMFILE) ;
END;

{Initialize the two interface boards and select the DI2805)
{to begin with. The DI2805 board is used to generate the)
{ramp using IMA)

STAT :=INITIALIZE;
STAT :=SEIFCTBOARD(2) ;

{Output zero volts an D/A chammel 0 of the DI2805 board)
{to allow the user to replace the MIS function generator)
{with the jumper fram D/A chamel 0}

END;

WRI'IEIN’("IHECIHRIPOFGMIELOISHZESENIIXZEKJ\DIES');
WRITEIN;

WRITEIN('PLEASE SIRIKE ANY KEY TO HEGIN RAMPING CN CHANNEL 0') ;
READ(KED, GARBAGEL1) ;

{Set up display of reversal points on the screen ard in)
{the results file}
CIRSCR;

TEXTCOLCR (CYAN) ;

WRITEIN;
WRITEIN('SPECIMEN: ' SPECTYFE,'  DRTE: ',DATE);

WRTITEIN;
WRITEIN ( "TOLERANCE (N HYPERBOLIC OONSTANT: ',TOL):

WRITEIN (RESULTFILE, 'SPECIMEN: ',SPECTYEE, ' DATE: ',DATE);
WRITEIN (RESULTFILE) ;
WRTTELN (RESULTFILE, '"TOLERANCE ON HYPERBOLIC CONSTIANT: ',TOL);

CASE HISTORY OF
1:
BEGIN
WRITEIN;
WRTTEIN (' CONSTANT AMPLITULE TEST:');
WRTTEIN(' ')
WRITEIN;

WRITEIN (RESULTFILE) ;
WRITELN (RESULIFILE, ' CONSTANT AMPLITULE 'msr:)');
WRITEIN (RESULTFILE, '

WRTTEIN (RESULTFIIE) ;
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WRITEIN('SBX = ', Q8X,' , N = ', MIN) ;
WRTTEIN;
WRITELN ( 'NOMBER OF CYCIES = !,CYCIES);
WRTTELN (RESULTFILE, 'SBX = ', QBX, ', MIN = ',SMIN) ;
WRTTELN (RESULTFILE) ;
o FTELN (RESULTFILE, 'NOMEER OF CYCLES = !, CYCLES) ;

END;

WRTTEIN;

WRTTEIN('KF =',KF,', E =',E,' KSI ');

WRTTELN;

WRTTELN( 'RAMP RATE = ',RATE, ' Hz');

WRTTEIN (RESULTFIIE) ;

WRTTELN (RESULTFILE, 'KF =',KF,', E =',E,' KSI ');
WRTTEIN (RESULIFIIE) ;

WRTTEIN (RESULTFILE, 'RAMP RATE = ', RATE,' Hz');

TEXTOOLCR (YELLOW) ;

WRITEIN( 'REVERSAL SIRESS STRAIN') ;

- — ')

WRITEIN (RESULTFILE, 'REVERSAL STRESS STRAIN') ;

- D ¥

{Set up the anboard clock on the DT2805 for the frequercy
{of rampirng desired) )

NIMITCKS :=ROUND(TICKS) ;
STAT := SEIUFDAC(0,0);
STAT := SETCLOCKDIVIDER(NUMITCKS) ;
{Initial axis defined to be zero)

REVERSAISTRESS :=0;
REVERSAISTRAIN :=0;
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K:=1;
STAT: =SETERRORCONTROIWORD(0) ;

{Read the first hyperbolic constant fram the intermediate)
{file ard begin ramping}

READ (INTERMFIIE,C) ;

STAT := BEGINDACTMA (2048 ,ANAIOGARRAY(1]) ;

{Select the DI2801-A board and campute two constants)
{required in the monitoring loop outside of the loop)
{to achieve maximm sampling rates)

STAT:=SEIECTBOARD(1) ;

CONST2 :=FSSIOAD/ (10*ARER) ;

QONST3 : =FSSTRAIN/10;

CONTINUE: {r’lgaelimltm.xg loop of the stress ard strain values begins)
{

{Monitor the force and load signals)

ADCVAIUE(O,1,ADVAIUEL) ;
ADCVAIUE(1,1,ADVAIDEZ) ;

{Cawert the amalog data values to stress ard strain)

1l

STAT :
STAT :

STIRESS :=( (ADVAIUE1*QONST1) ~10) *QCNST2 ;

STRAIN :=( (ADVAIUE2#CONSTL ) —10) *CONST3 ;
{Check for satisfaction of Neuber's criterion within )
{specified tolerance after oamputation of the stress)
{and strain ranges fram the given axis)

IF (SIRESS-REVERSALSTRESS)>0 THEN

ABSSTRESS : =STRESS-REVERSALSTRESS
EISE

IF ABS (ABSSTRESS*ABSSTRAIN-C) <TOL THEN BEGIN
{If Newber's criterion satisfied, then select the DI2805})
{board ard stop the ramping after finding the location)
{in the ramp when the DMA is stopped)
STAT:=SEIECTBOARD(2) ;
STAT := TESTDACTMA (REMAININGOOUNT) ;
STAT := STOPDACTMA;

{Adjust the count due to delay between testing amd stopping)
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END.

{the IMA)}
REMATNINGOOUNT] : =REMATNINGCOUNT4-2 ;

{Redeflret'herenamsarﬂmtetherevexsalpomts}
{to the RAM drive and anto the screen)

REVERSAISTRESS :=STRESS;
REVERSAISTRAIN :=STRAIN;
WRITEIN(' ',K,' ', SIRESS, ! ',STRATN) ;

WRITEIN (RESULTFIIE, ! VK ', STRESS, ! ! ,STRAIN) ;
{Redefine the analog data value array)

FCR J:=1 TO REMAININGCOUNT1 DO BEGIN
TEMPARRAY[J] := ANAIOGARRAY[2048~REMAININGOOUNT1+HT] ;

END;

FOR J :=(REMAININGOOUNT1+1) TO 2048 DO EBGIN
TEMPARRAY([J] := ANATOGARRAY[J-REMATNINGCOUNT1];

END;

FOR J:=1 TO 2048 DO BEGIN
ANATOGARRAY {J} :=TEMPARRAY [2049-TJ] ;

END;

{Check if nominal history is over. Contimie to monitor the)

1 {stress ard strain if not ard stop the program if it is)
Ki=K+1;

sm-—mmmmm(zme ANATOGARRAY[1]) ;
STAT:=SETECTBOARD(1) ;

END;
GOIO CNTINUE;

CLOSE (RESULTFILE) ;
SIAT :=TERMINATE;
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