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ABSTRACT 

An ultrasonic inspection cell was developed for the 
detection of subsurface discontinuities in cast gray iron parts 
as Task 3 (Robotic, Ultrasonic Inspection and Testing) of the DOE 
Cooperative Agreement (No. DE-FC07-92ID131-64) with the 
University of Northern Iowa Metal Casting Center. The cell 
consisted of an ultrasonic flaw detector (UFD), transducer, 
robot, immersion tank, computer, and software. Normal beam 
pulse-echo ultrasonic nondestructive testing, using the developed 
automated cell, was performed on 17 bosses on each rough casting. 

Using test blocks and castings supplied by an industrial 
partner (John Deere Company) and working with a skilled 
ultrasonic inspector; ultrasonic transducer selection, initial 
inspection criteria, and UFD setup parameters were developed for 
the gray iron castings used in this study. The skilled 
ultrasonic inspector's operation of the UFD was noted for 
development of the cell software. 

The ultrasonic inspection cell control software (UICCS) was 
designed and developed to perform the necessary functions for 
control of the robot and UFD in real-time. The UICCS performed 
two main tasks; emulating the manual operation of the UFD through 
the communication link with the unit, and evaluation of the 
ultrasonic signatures for detection of subsurface 
discontinuities. 

The next phase of the cell development involved the testing 
of a random lot of 105 castings. These casting were processed 
through the automated inspection cell. The 100 castings which 
passed the inspection criteria were returned to the manufacturer 
for machining into finished parts where they were visibly 
inspected for defects after machining. 

Five castings had one boss each which had ultrasonic 
signatures consistent with subsurface discontinuities. The five 
suspected bosses were manually inspected by the skilled 
ultrasonic inspector, with the manual inspection time recorded 
for comparison to the automated cycle time. The castings then 
were inspected using destructive testing techniques for detecting 
subsurface material voids. 

The automated ultrasonic inspection cell was successful in 
quantifying the ultrasonic echo signatures for the existence of 
signature characteristics consistent with Go/NoGo criteria 
developed from simulated defects. The manual inspection showed 
that no defects in the areas inspected by the automated cell 

.. 
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avoided detection in the 100 castings machined into finished 
parts. Of the five bosses found to have subsurface 
discontinuities, two were verified by manual inspection after the 
rough casting surface was machined for the use of ultrasonic 
contact transducer inspection. The three remaining bosses showed 
no subsurface discontinuities after surface preparation for 
manual inspection. The developed automated ultrasonic inspection 
cell correctly classified 1782 of the 1785 bosses (99.832%) 
inspected. 
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CHAPTER I 
INTRODUCTION 

Task 3 of the DOE Cooperative Agreement (No. DE-FC07- 
92ID13164) is titled Robotic, Ultrasonic Inspection and Testing. 

Subtasks 3.1 and 3 . 2 .  as identified in the proposal. 
This report (Subtask 3.3) details the research conducted as 

Subtask 3.1: A robo t i c  system w i l l  be developed t o  
m a n i p u l a t e  an u l t rasonic  probe t o  de t ec t  sub-sur face  d e f e c t s  i n  
cast  p a r t s .  
u l t rasonic  test equipment donated b y  the John Deere Company. 

The system w i l l  cons i s t  o f  a robo t i c  u n i t  and 

Subtask 3.2: The robo t i c  t es t  system w i l l  be automated t c  
c c l l e c t  d a t a  from random sampling o f  heads from the John Deere 
8000 Foundry. Tne d e f e c t s  w i l l  be  evaluated and cataloged f o r  
i d e n t i f i c a t i o n  and ana ly s i s .  

Background of the Problem 

Since the pouring of the first castings, discontinuities 
have been a problem. Discontinuities are irregularities, breaks, 
or gaps in the material structure. Most of the different types 
of casting discontinuities are visible to the naked eye, caused 
by variables in the casting process. 
discontinuities are not detectable by visual inspection because 
the defect is below the surface of the material. These 
subsurface discontinuities must be detected and identified before 
remedies to resolve the problems can be applied or value added 
work is performed on the casting that will later need to be 
rejected because of the defect. 

Some casting 

Until the development and application of X-ray and 
ultrasonic inspection technology, subsurface discontinuities were 
not detectable until after value added processes were performed 
on the casting, or worst yet by the failure of a casting product 
in testing, or while in service. Today it is common practice, 
and many times required, for castings and other manufactured 
products to be 100% inspected, especially in the aerospace and 
nuclear industries. In castings for hdustries other than 
aerospace and nuclear, subsurface inspection is limited because 
of cost. 

Every foundry would prefer to have a reputation of producing 
zero defects, but this reality is often far from ideal. The 
inspection process is but one step in the total quality assurance 
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programs of most manufacturers. Manufacturers want to detect 
discontinuities early in the manufacturing process. 
defect is unrepairable or the rework costs are excessive, the 
part will be scrapped. 

If the 

In foundries, the defective castings will be scrapped for 
remelt and recast, saving the investment in raw material. 
Scrapping defective parts costs money, not only for the material 
involved, but also for the value added processing that takes 
place prior to the detection of the defect. 
flaws and defects in a manufactured part reduces the value added 
processing cost lost because of discontinuities. 

Early detection of 

Inspection processes for detecting subsurface casting 
discontinuities are costly and labor intensive, adding to the 
cost of the final product. Quality assurance programs, as 
applied in many industries today, will often only statistically 
sample a production lot, passing or rejecting the lot on the 
result of inspecting only a few. As the cost of scrapping a 
casting goes up, there is a need for more thorough inspection to 
detect discontinuities before the value added operations have 
been performed via the manufacturing process. 

After the foundry has delivered the casting to the customer 
and a defective casting is detected during the customer's 
manufacturing processes, foundries making the casting normally 
are required to replace the defective casting. Contractional 
agreements between the foundry and the customer also may involve 
a number of compliance parameters that cause financial burden to 
be placed on the vendor (the foundry). Manufacturing of raw 
materials and value added processes by companies usually requires 
the vendor to meet certain minimum standards, SAE, ASTM, ISO, 
etc. In a global economy, as a manufacturer for the year 2000 
and beyond, preferred vendors will need to become IS0 9000 
certified to maintain a market share of produced goods. A 
foundry's business relationship with a customer can be influenced 
by the quality of the castings delivered in both a negative and 
positive manner. 

When a company has a captive foundry, they absorb all the 
costs associated with the defective casting. When foundries bid 
on jobs, they add the cost of scrap into the bid. Foundries with 
lower scrap rates can bid lower prices while still maintaining 
the necessary margin of profit, thus underbidding competitors and 

- becoming more competitive in the marketplace. 
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This project was designed to investigate existing technology 
and develop a prototype automated ultrasonic inspection cell for 
detecting subsurface discontinuities in a cast iron part. The 
cell needs to control the ultrasonic nondestructive evaluation 
(NDE) equipment, robot, analyze collected data, decide about the 
quality of the casting, and save inspection data for future 
analysis. 

Significance of the Problem 

The early detection of casting discontinuities is important 
to the foundry industry allowing a reduction in scrap costs and 
helps to achieve 100% quality of the product in every delivery. 
A cost effective, advanced technology NDE system is needed to 
achieve quality assurance goals that will enable the American 
foundry industry to remain competitive in the national and 
international markets. 

Statement of the Problem 

The problem of this study is to develop a prototype 
automated inspection cell for the detection of subsurface casting 
discontinuities while holding the investment of time and labor to 
a minimum. This involves interfacing existing technologies in 
ultrasonic inspection, robotics, and computers; developing 
inspection criteria and standards; producing software for 
emulating the necessary operator skills, decision making 
capacity, and cell supervisory control. 

Limitations 

This research was funded in part by a grant from the John 
Deere 8000 Foundry and the U.S. Department of Energy. The iron 
casting used in this study was selected by the foundry, based on 
their identification of need to detect subsurface 
discontinuities. The casting to be analyzed in this study has 17 
specific locations where subsurface discontinuities have a 
history of occurring. 
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Assumptions 

For developing and calibrating the inspection system, 
simulated flaws are necessary. Flat bottom drilled holes at 
varying depths in sample castings will be used. 
bottom holes have been shown to represent the type of echo 
condition that discontinuities of similar characteristics would 
present to ultrasonic inspection. 
ultrasonic cell identified for this study is representative in 
accuracy and capabilities to those commonly used in industry. 

These flat 

The equipment in the 
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CHAPTER I1 
METHODOLOGY 

Introduction 

The purpose of this project was to test the feasibility of 
automated testing of cast iron to enhance the efficiency and, 
perhaps, the effectiveness of manual methods of quality control 
in a production setting. The work was done in conjunction with 
the John Deere 8000 Foundry, at the University of Northern Iowa's 
Department of Industrial Technology Metal Casting Center. 
overview of the work is provided below and details of the 
methodology follows. 

An 

Overview 

This project consisted of two tasks--inspection cell design 
(including software development and integration with the 
inspection cell), and testing of a random sampling of actual 
castings, and follow-up of the tested castings. A general 
discussion of each of the steps in each of the two tasks follows. 

The first task involved the design of the apparatus 
(inspection cell) necessary for the automated testing which was 
to be carried o u t  using ultrasonic inspection of actual castings. 
The specific make-up of the inspection cell had to be determined 
and components selected to: perform the ultrasonic A-Scan and 
collect the echo signatures, automatically position the 
transducer at the various points to be inspected, and integrate 
all the testing activities. 

Once general decisions about the inspection cell were made, 
it was possible to begin design of the software which would 
analyze the echo signatures and indicate whether the signature 
suggested the existence of subsurface discontinuities in the 
regions of the castings that were to be tested. 
the software involved working with a skilled ultrasonic inspector 
from the industrial partner to understand the methods and 
procedures f o r  inspecting the specific casting using ultrasonic 
equipment; this knowledge was emulated in the control software. 
This process had several steps: initial design of the software, 
an interactive process of scanning test blocks (of known quality) 
supplied by the industrial partner and revising the software 
until satisfactory assessments of the test blocks were achieved, 
and integration of the testing software with the automatic 
positioning equipment of the inspection cell. 

Development of 

5 
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The next phase of the cell development involved the testing 

The castings passing the 
of a random sampling of 105 castings. These casting were 
processed through the inspection cell. 
developed inspection criteria were returned to the manufacturer 
for machining into finished parts where they were visibly 
inspected after machining for defects. 
have ultrasonic signatures consistent with subsurface 
discontinuities were manually inspected by the skilled ultrasonic 
inspector, with the manual inspection time recorded for 
comparison to the automated cycle time. 
inspected using destructive testing techniques for detecting 
'subsurface material voids. 

The castings found to 

The castings then were 

The Problem 

The John Deere 8000 Foundry, the industrial partner in this 
research, identified a problem of defects, subsurface shrinkage 
cavities (one type of subsurface discontinuity), near the top of 
17 bosses in a specific iron casting. "A shrinkage cavity is a 
jagged hole or spongy area lined with fernlike crystals called 
dendrites" (American Foundrymen's Society, 1966, p. 111). The 
causes of shrinkage cavities include abrupt changes in section 
size (American Foundrymen's Society, 1972) ,  typical of the 17 
identified problem locations. Henon, Mascre, and Blanc 
(1971/1974) identify net expansion in cast iron as one of the 
most frequent causes: 

The expansion which takes place within the solidified 
surface areas of the casting causes displacement of the liquid 
from the central region, creating a void. This void is not 
filled when the residual liquid solidifies because feeding is 
impaired by a dense network of dendritic crystals. (p. 107) 

Because of the resources necessary to perform 100% manual 
ultrasonic inspection of the problem areas, a less expensive 
approach is necessary to detect the defects to reduce scrap costs 
associated with the additional work that is performed on the 
castings before finding the defects in later manufacturing 
processes. The industrial partner in this research has specified 
that the inspection process is to take place prior to any 
machining of the casting. The castings used in this study to 
develop and test the inspection cell were supplied by the foundry 
in the typical condition that exists on the production line at 
the required specified stage in the manufacturing process. 
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Inspection Cell Description 

The automated ultrasonic inspection cell consisted of an 
immersion tank, Panametrics EPOCH 2002 digital ultrasonic flaw 
detector ( U F D ) ,  Panametrics 5.0 Mhz V309-SU ultrasonic transducer 
in a normal beam pulse-echo arrangement, Hitachi M5030 robot, and 
a 80386 CPU based microcomputer. 
with a part holding fixture, supplied by the foundry, for 
locating the part while under inspection. The parts were 
manually loaded and unloaded for testing and evaluation purposes. 

The immersion tank was fitted 

The Panametrics EPOCH 2002 digital UFD was used to transmit 
and receive the ultrasonic signals, perform the analog-to-digital 
conversion of the signal echo of the A-Scan from the transducer, 
and average multiple A-Scan signatures together. The UFD has an 
optional RS-232 communication port, running at 19.2 kilobaud for 
full command and communication capability with the cell computer. 

inspection, only with the addition of a communication interface. 
This is the same type of UFD typically used for manual 

The computer program to perform the necessary zeroing 
procedures on the UFD was developed in conjunction with the 
skilled ultrasonic inspector. This involved the observation 
UFD setup and zeroing by the inspector, as well as emulating 
process and decision logic with the developed software. 

of 
the 

The Ultrasonic Inspection Cell Control Software (UICCS) 
performs the zeroing routine to adjust the UFD for variations i 
casting height, which required taking an initial reading to 
determine the transducer distance to the part surface, adjustin 
the signal peaking the echo signature of the part surface, and 
adjusting the zero offset of the UFD to place the part surface 
the zero reference of the flaw detector display. 
operation, the inspector adjusted the UFD by viewing the echo 
signature on the display and adjusting front panel controls. 

In manual 

Test Blocks 

A set of nine test blocks, supplied by the foundry and 
machined from a sample casting, was used for evaluation and 
development of the system. Seven test blocks had 0.089 inch 
bottom holes drilled from the back side at varying distances 
the part entrance surface, one hole in each block, represent 
of the location and minimum size of defects to be detected. 

n 

.g 

at 

flat 
from 

ative 
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Ultrasonic Transducer Selection 

Working with a skilled ultrasonic inspector, a series of 
tests were run using 2.25 Mhz, 3.5 Mhz, and 5.0 Mhz transducers. 
The inspector calibrated the UFD according to standard 

calibration procedures. All three transducers produced 
acceptable results for the inspector to locate and identify the 
simulated defects in the test blocks. For computer analysis of 
the ultrasonic echo siSnature, the 5.0 Mhz transducer was 
selected because it produced the signature with the maximum 
differentiation between the relative echo signal amplitude of the 
simulated defects and the echo noise in the surrounding part. 

The Panametrics V309-SU (SN:124007) unfocused 5.0 Mhz 
immersion transducer that was selected for use in the cell has a 
nominal element size of 0.50 in. The transducer specifications 
and technical nctes (Panametrics, 1991) calculate the near field 
far limit at 5.287 inches using a water coupler. "The minimum 
and maximum practical focal lengths have been determined by 
considering the acoustic and mechanical limitations" ( p .  3 2 ) .  
For the 5.0 Mhz transducer using a water cogpler, the minimum 
practical focal length is specified at 0.75 inches, and the 

. maximum at 4.20 inches A transducer to par t  distance of one inch 
was used for programming the transducer placement. This allowed 
for minor part height variations in the holding fixture without 
vizlating the minimum practical focal length. 

Ultrasonic Signature 

The ultrasonic inspection data collected from each 
inspection location consisted of 200 digitized data points, 
representing the ultrasonic signature of the location under 
inspection, for a depth of 1.0 inch Each digitized data point 
represents 0.005 inches of material thickness. This signature is 
called an A-Scan. "The A-Scan plots 'reflection amplitude versus 
time" (Wolters, 1980, p.  3 5 ) .  

8 
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Ultrasonic Signature Evaluation Criteria 

The development of the ultrasonic signature evaluation 
criteria was based upon the problem areas in the casting 
identified by the foundry. 
cavities were known to occur near the surface of the 17 bosses on 
the part. 
are machined off in the manufacturing process. The foundry 
identified that the defects can fall in the top 0.750 inches of 
the boss area after machining and have a larger concentration 
near the surface. The ultrasonic signature evaluation criteria 
were developed from test blocks having simulated defects of 
varying depths. 

They specified that shrinkage 

The part bosses were designed so the top 0.150 inches 

The parameters for evaluating the ultrasonic signature were 
developed using the echo signatures from the test blocks. 
Working with a skilled ultrasonic inspector, UFD inspection 
settings were developed for inspecting the bosses. This involved 
taking a series of A-Scans of the test blocks, interpreting the 
data, and constructing the acceptance/rejection criteria. Sample 
signatures were collected from test blocks A-G 
typify the set collected). 

(Figures 1 and 2 

The developed criteria were a series of data point values, 
representing the minimum peak relative signal levels for part 
rejection. The developed parameters were used to evaluate each 
inspection signature for a Pass/Fail or Go/NoGo decision. Echo 
signatures that pass the inspection criteria were defined not to 
have a defect; echo signatures that fail the criteria were 
ciassified as having suspected defects. 

Initial testing and development was performed in a static 
setup where the transducer was fixed above the test block under 
inspection. The test block runs for verifying the software and 
finding the error rates were performed in a dynamic setup where 
the robot was programmed to move the transducer into position for 
each A-Scan. It was found that the robot induced a vibration 
into the dynamic setup that resulted in very high levels of 
signal noise and unstable images. This problem was very apparent 
in that A-Scans of the test blocks void of defects had noise 
levels sufficient to violate the Go/NoGo parameters in 48% of the 
cases in the initial dynamic test run. The total error rate for 
the test blocks with simulated defects in the initial dynamic 
test run was 1.14% (see Table 1). 

The solution to the problem involved four basic 
modifications to the cell operation and software. First, the 

9 



robot's approach speed to the inspection point was decreased. 
This reduced the vibrations injected into the system by the 
robot. Second, a programmed delay between the robot arriving at 
the inspection point and the start of the A-Scan was added. This 
delay dampened the robotic induced vibrations. Third, the number 
of A-Scans averaged together for each signature was increased to 
four from an initial value of three. This digital signal 
processing further helped in filtering out noise, both internal 
to the system and externally induced. Finally, the test 
procedure was changed to repeat any A-Scan that did not pass the 
inspection criteria. This test procedure modification helped in 
two ways--it allowed a minimum programmed delay before the start 
of the A-Scan, in keeping with the need for a minimum cycle time, 
and reduced random noise interference. After these 
modifications, the fifth dynamic test block run produced no 
errors in properly classifying the nine test blocks (see Table 
2). 

After the dynamic test block runs and revisions to the 
software, two castings, later serialized as AA and AB, were 
tested in the integrated ultrasonic inspection cell. This 
testing involved verifying cell operation, both hardware and 
software, determining cell cycle time, and verifying 
classification error rates on 34 additional bosses. Both 
castrngs were inspected 25 times, with each repetition inspecting 
17 bosses, for a total of 850 inspection points. Both castings 
where found to be void of subsurface discontinuities. There were 
no classification errors during the test repetitions, but 
communication problems with the UFD were encountered that caused 
the system to halt the inspection cycle. The cause of the 
communication problem was isolated to the internal software of 
the UFD. The only method of reestablishing the communication 
link was to manually power the UFD off and back on. The UICCS 
was modified to detect the problem and notify the operators of 
the situation, which required human intervention to correct. 
This communication problem occurred three times during later cell 
testing, requiring aborting an inspection cycle and starting the 
part inspection over. 

Signal Processing 

Wolters (1980) showed that the signal processing technique 
of averaging A-Scans resulted in reduced echo noise in the 
resultant signature. As noise is an anticipated problem in cast 
iron from a review of the literature and preliminary testing, 
this signal processing technique was applied to all A-Scans 
internally within the UFD under software command. Initially, 
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three A-Scans were averaged together to process out noise; later, 
in dynamic testing of the system, the number was increased to 
four. 

The Hitachi M5030 is a light duty electric 5-axis 
articulated-arm robot. The robot was programmed by way of a 
teach pendent to move along a programmed path, stopping at the 17 
inspection points with the transducer positioned 1.0 in. above 
the inspection point and perpendicular to the surface of the 
part. 

1/0 lines. The cell computer used an Industrial Computer Source 
DI08-P optically isolated digital 1/0 interface for communicating 
with the robot. The interface was selected for the optical 
isolation provided between the cell computer and the robot; this 
.allowed for safe and easy interfacing of the different signal 
levels used by the hardware. 

The robot was interfaced to the cell computer via digital 

The UICCS instructs the robot to select and execute a 
preprogrammed set of instructions. The robot sends a digital 
output signal to the cell computer indicating that the robot is 
at a predefined location (inspection point) awaiting a digital 
input signal from the cell computer before continuing execution 
of its program. 

The robot was fitted with end-of-arm tooling for holding the 
ultrasonic transducer below the water line of the immersion tank. 
The end-of-arm tooling was designed to break away from the robot 
arm if a collision occurred. 

The Software 

The UICCS was written and compiled in Microsoft's QuickBasic 
V 4 . 5 ,  operating under Microsoft's MS-DOS V 5 . 0  operating system. 
A n  action diagram, a program diagramming technique described by 
Martin and McClure (19851, of the program is in Appendix A. The 
UICCS handles the communications with the UFD and robot, analyzes 
ultrasonic echo signatures, interfaces with the cell operator, 
displays A-Scan data, and produces printed inspection reports. 

The software for analyzing the ultrasonic signature was 
developed using nine test blocks, seven of which had flat bottom 
holes at varying depths. Two which were void of defects were 

11 
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used in the development and calibration of the cell hardware and 
software. 

The software development goal, as specified by the 
industrial partner, was to have less than a 5% error in correctly 
classifying test blocks with simulated defects, and 1% error in 
properly classifying test blocks void of defects. 
calculating classification error rates, each test block was 
inspected 100 times. 
analyzing the signatures of erroneously classified test blocks 
and developing solutions to achieve development goals. 

For 

The software development cycle involved 

Manual Inspection of Suspected Castings 

The evaluation phase involved the testing of 105 production 
. castings. The castings were serialized and identified as 2474 
through EA. 
machined into finished products with any discovered defects in 
the inspected locations reported. Production castings failing 
the developed inspection criteria were manually inspected using 
contact ultrasonic inspection by a skilled inspector, and then 
inspected using destructive technique. 

Production castings evaluated as passing were 

Understanding Cell Operation 

Understanding how the automated ultrasonic inspection cell 
operates is best achieved by following an example part through 
the system. 
Appendix B.) 
the cell is ready to inspect the part. 

(A flow chart of the cell operation can be found in 
When the part is loaded onto the holding fixture, 

The UICCS requires the operator to input the part serial 
number. This information is used to match the collected data 
with the individual part. The UICCS first instructs the robot to 
select a stored set of instructions that were previously 
programmed into the robot via a teach pendent. 
instructs the robot to start execution of the selected 
instruction set, causing the robot to move the transducer that is 
mounted on the robot arm to the first preprogramed inspection 
location. While the robot is moving to the inspection location, 
the UICCS commands the UFD to recall a set of initial parameters 
that are stored in the unit's memory, These parameters control 
the operation of the interface between the UFD and the 
transducer. The UICCS then waits for a signal from the robot 
indicating arrival at an inspection point. Upon the robot's 
signal of arrival, the cell computer delays for one second to 

The UICCS then 
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dampen the robot's vibrations that could interfere with obtaining 
a reliable A-Scan. 

The UFD requires the operator, when using the UFD for manual 
ultrasonic inspection in an immersion tank, to make a series of 
adjustments to the unit using the UFD display to view the 
ultrasonic signature and UFD keypad for entering parameter 
adjustments. 
and decision making ability to perform the same setup tasks 
through the communication interface. The setup tasks are 
adaptive in nature, the software must make adjustments to 
external equipment based upon sensorial input. 

The U I C C S  must duplicate these operator's skills 

The first adaptive control task of the U I C C S  is to peak the 
part surface echo's relative signal level. This task is required 
because of casting material variations in material thickness and 
surface condition causing the distance between the ultrasonic 
transducer and part surface to vary. 

The task starts with the U I C C S  commanding the UFD to take an 
A-Scan; all A-Scans are programmed to be the results of four 
time-sequential A-Scans averaged together, digitally processing 
out most of the signal noise. The analog A-Scan signature is 
converted to a digital representation comprised of 200 data 
points within the UFD, with each data point containing a relative 
signal amplitude between 0 and 63 along a time interval 
calibrated to represent a distance of 0.005 in., making the data 
set represent a depth of 0.995 in. The UFD acknowledges 
successful completion of the A-Scan averaging to the U I C C S .  The 
U I C C S  then commands the UFD to upload the A-Scan signature data 
set. 

The U I C C S  needs to identify the part surface of the casting 
in order to adjust the zero offset. The part surface is the peak 
echo signal in the A-Scan signature data set, but at low relative 
amplitude signal levels, resolution of the part surface from the 
data set is not possible, so the relative amplitude signal level 
must be increase to determine the relative part surface location 
within the data set. 

If the peak echo signal, representing the part surface, is 
below the maximum relative amplitude of the data set the U I C C S  
calculates the needed signal level increase necessary for the 
peak echo signal to approach the maximum relative amplitude. 
This signal level change is downloaded to the UFD, along with 
another request for an A-Scan. The new A-Scan is then uploaded 
to the U I C C S .  This process is repeated until the peak echo 
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signal from the part surface is at the maximum relative 
amplitude. 

The second adaptive control task of the UICCS is to adjust 
the UFD's zero offset to place the part surface echo at a deptn 
of zero in the A-Scan signature data set. The UICCS calculates 
the needed zero offset for the UFD so that the part surface 
approaches the zero depth position in the A-Scan signature data 
set. Due to signal impedance variations within the casting and 
between different casting, the ranging capability of ultrasonics 
is not exact, but only an approximation; these impedance 
variations cause the speed of the signal to vary. The ranging 
error is reduced as the distance measured decreases, this 

approach the desired results, repeating until the solution is 
achieved. The UICCS downloads to the UFD the new zero offset 
value, requests an A-Scan, and uploads the A-Scan signature data 
set. 
zero depth position in the A-Scan signature data set. 

_.. - necessitates the adaptive control to make adjustments that 

This process is repeated until the part surface is at the 

Upon successful completion cf the two adaptive control 
tasks, the UFD is ready to inspec: the boss. The UICCS sets the 
inspection signal level ( 6 7  dB) in the UFD for the inspection A- 
Scan, then commanding an A-Scan and the uploading of the A-Scan 
signature data set. The uploaded A-Scan signature data s e t  is 
compared to the Go/NoGo criteria. The A-Scan passes the Go/NoGo 
criteria if all the data points relative amplitudes fall below 
the rejection criteria. If the A-Scan fails the Go/NoGo 
criteria, the A-Scan is discarded and the inspection point is 
reinspected; this reinspection is to reduce misclassifications 
caused by internal and external noise. The second A-Scan is used 
to determine if the inspection point passes or fails. The last 
A-Scan of an inspection point is saved to a data file. 

The UICCS then instructs the robot to continue executing its 
instruction set, causing motion to the next inspection location 
or after the last location returning to a home position. The 
UICCS repeats the sequence of events for each inspection 
location. A part passing all inspection criteria for each 
inspection point is classified as a good casting; failure of any 
inspection criteria will classify the part as having a possible 
defect. If a part is found having a possible defect, the whole 
part is reinspected two additional times. 

14 
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CHAPTER I11 

PRESENTATION OF RESULTS 

Overall Results 

The testing of 105 castings involved the ultrasonic 
inspection of 1785 bosses. Five bosses failed the inspection 
criteria, one each on five different castings. The remaining 
1780 bosses had no ultrasonic signatures consistent with 
subsurface discontinuities. The 100 castings that had all 17 
bosses passing the inspection criteria were returned to the 
manufacturer for machining into finished products. The 
manufacturer reported they found no shrinkage cavities in the 1 

inspected areas during the manufacturing or final inspection 
process. 

Of the five castings, each with a boss failing the 
inspection criteria, AZ, BJ, and BS failed each of the three test 
repetitions. 
three test repetitions. All five bosses were manually inspected 
by the foundry's ultrasonic NDE inspector using contact 
transducer procedures. This required that the rough casting 
surfaces be machined flat for good contact transducer coupling. 
After machining of the rough cast surface, the inspector could 
not identify any subsurface discontinuities in castings BJ, DK, 
or DX. Ultrasonic echo signatures consistent with the depth 
location from the automated ultrasonic A-Scans were identified by 
the inspector in castings AZ and BS. The automated inspection 
erroneously classified 3 of the 1785 bosses inspected. The UFD 
used by the inspector was not capable of producing either 
hardcopy or data file output. Table 3 summarizes the test results 
of the five castings failing the UICCS inspection criteria for 
both the UICCS analysis of the signature and the manual 
inspection of castings. 

Castings DK and DX both failed only two of the 

Destructive testing for subsurface shrinkage cavities in the 
five suspect castings was performed by the foundry. No 
subsurface shrinkage cavities (one type of subsurface 
discontinuity) were reported in the five suspected bosses. The 
destructive testing involved the machining of successive layers 
of material, visually inspecting each layer for shrinkage 
cavities breaking through the machined surface. This destructive 
testing was only capable of finding subsurface shrinkage cavities 
and not qualifying other subsurface discontinuities that can 
produce echoes. 
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Results of Good Castings 

The 100 castings determined to be void of subsurface 
discontinuities in the inspected regions all produced A-Scans 
that fell within the acceptance criteria for a good part. 
3 shows the peak relative signal amplitude of all A-Scans that 
met the acceptance criteria shown by the Go/NoGo line, The 
Go/NoGo is displayed on all A-Scans of reference. The A-Scan of 
AA-01, the first boss of casting serial number AA and typical of 
the A-Scans passing the inspection criteria, is shown in Figure 
4. Additional typical A-Scans of bosses passing the inspection 
criteria are shown in Figures 5 - 6 ,  

Figure 

Results of Suspected Defective Castings 

For each casting having suspected defects, there are three 
A-Scans of the suspected bosses. Bosses AZ-12, BJ-04, and BS-14 
were identified as failing the Go/NoGo demarcation in each of the 
three data sets. It should be noted that the UICCS required two 
sequential failures to flag the boss as failing. 
failing was without the repositioning of the robot. 
in the first set, the operator reinspected the complete part two 
additional times. 

This repeat 
Upon failing 

Part serial number AZ, boss 12 (AZ-12) shows an echo at 
about the 0.175 inch. depth in all three A-Scars failing the 
acceptance criteria. This was verified by manual inspection (see 
Figures 7-9). Boss BJ-04 shows an echo violating the acceptance 
criteria at about the 0.150 inch depth. This was not verified by 
manual inspection (see Figures 10-12). Boss BS-14 shows in all 
three A-Scans an acceptance criteria violation at the 0.50 inch 
depth. This was also verified by manual inspection (see Figures 
13-15). Boss DK-15 shows a strong echo at the 0.20 inch depth, 
but o n l y  violating the inspection criteria in two of the three 
scans (see Figures 16-18). Boss DX-17 shows a strong echo near 
the 0.15 inch depth, violating the inspection criteria in only 
two of the three scans (see Figures 19-21). 

Inspection Cycle Time 

Inspection cycle time was an important UICCS design 
consideration. 
4.0 (1990). The mean cycle time for automatic inspection of a 
casting (17 bosses) was 3.242 min (N = 50) with a standard 
deviation of 0.254 measured during the test run repetitions on 
casting AA and AB. 
(Skewness = 1.404). Figure 22 is a histogram of the inspection 

The cycle time data was processed using SPSS/PC+ 

The cycle time data was positively skewed 
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cycle time. 
in SPSS/PC+ 4.0 (1990). 

The histograms were produced by the Graphic routine 

A large segment of the measured cycle time was comprised of 
communications with the UFD and waiting f o r  the UFD to complete 
the A-Scan task. A minimum of five A-Scan data sets were 
required for instrumentation zeroing and inspection for each 
boss. It took 1.2 s for the UFD to receive an A-Scan request, 
take four A-Scans, average them together, and notify the UICCS it 
was ready to upload the resultant data set. 
consisted of a string of 613 bytes, at 19.2 kilobaud. This 
required 0.32 s per A-Scan upload. 
sets needed to be uploaded from the UFD for each part. This 
calculates to a minimum inspection time of 129.14 s for each 
casting not including robotic motion. The cycle time did not 
include casting loading nor unloading time. In a production 
environment this would typically be performed by automated 
material equipment. 

The A-Scan data set 

A minimum of 85 A-Scan data 

The skilled ultrasonic NDE inspector's mean cycle time for 
inspecting each boss was 5.760 min (N = 5) with a standard 
deviation of 1.118 and negatively skzwed (Skewness = - 0 . 6 3 5 )  (see 
Figure 2 3 ) .  This cycle time included surface preparation, but 
not instrumentation setup time. This calculates to 97.92 min for 
manual inspection for 17 bosses (one casting). 

Projected Direct Labor Cost Savings 
*.. 

Compared to the automatic inspection, manual inspection is 
30 times more time consuming. Using the industrial partner's 
direct labor rate of $27.37 ($22.25 per hour labor plus 23Z 
benefits) and the mean cycle times, the direct labor costs for 
manual ultrasonic inspection of one casting is $44.67. The 
direct labor costs for the automated ultrasonic inspection cell 
to inspect one casting is $1.48. Based upon the foundry's 
production of 100 castings per day, the projected direct labor 
cost savings is $4,319 per day. The manpower requirements are 
also a consideration, the automated inspection cell would 
require 5.4 man-hours per day to process 100 castings, the manual 
inspection method would require 163.2 man-hours per day. 

Process Problems 

One of the problems discovered in processing the sample lot 
was that the immersion technique caused an oxidation of the 
castings. This oxidation problem required an additional cleaning 
process, which would not be acceptable in a production 
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environment. While a rust perverter was used in the testing, it 
did not perform as required. 
different rust prevention agents may help in eliminating the 

Further investigation into 

problem. 

Further tests were run using squirter (or bubbler) 
technology, where a flowing stream of couplant replaced the 
immersion tank. 
problem encountered with the immersion method. 
investigation into alternate coupling methods is warranted at 
this time. 

This technology eliminates most of the oxidation 
Further 
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CHAPTER I V  
SUMMA.RY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The thrust of this research was to learn if a computer- 
controlled ultrasonic inspection cell could accurately detect 
subsurface casting discontinuities in cast iron and increase the 
efficiency of the inspection process. The developed cell used a 
normal beam pulse-echo transducer arrangement in an immersion 
tank, generating an ultrasonic energy beam which entered the boss 
perpendicularly to the part surface. 
material discontinuity, part of the ultrasonic energy packet was 
reflected back in the direction of the ultrasonic source. Only 
that portion of the ultrasonic energy packet received by the 
transducer and converted into electrical energy was converted 
into an ultrasonic signature data set by the UFD and transmitted 
to the cell control computer for analysis by the UICCS. 

Upon encountering a 

The UICCS quantitatively analyzes the signature data set to 
decide if any data byte violated developed Go/NoGo criteria. 
violation of the Go/NoGo criteria identifies a condition with the 
casting that reflects ultrasonic energy in excess of 
predetermined acceptance criteria. 

A 

The automated ultrasonic inspection cell was successful in 
quantifying the ultrasonic echo signatures for the existence of 
signature characteristics consistent with Go/NoGo criteria 
developed from simulated defects. The manual inspection showed 
that no defects in the areas inspected by the automated cell 
avoided detection in the 100 castings machined into finished 
parts. Of the five bosses found to have subsurface 
discontinuities, two were verified by manual inspection after the 
rough casting surface was machined for the use of ultrasonic 
contact transducer inspection. The three remaining bosses showed 
no subsurface discontinuities after surface preparation for 
manual inspection. The developed automated ultrasonic inspection 
cell correctly classified 1782 of the 1785  bosses (99.832%) 
inspected. 

The automated inspection cycle time was an average of 30 
times faster compared to the manual inspection of the suspected 
bosses. In a production situation where 100% manual inspection 
was required, the manual inspection cycle time could be reduced 
by the use of semi-automated or automated equipment for the 
surface preparation necessary for manual ultrasonic inspection. 

~ 
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Conclusions 

The developed computer-controlled ultrasonic inspection cell 
is the interfacing of existing hardware technology, coupled with 
an expert system control program that emulates the necessary 
skills of a human inspector to perform an inspection of a 
specific cast iron part in an expeditious manner with the minimum 
of operator interaction. The system is a tool, identifying areas 
for further investigation by a skilled inspector. It is an 
inspection tool that can perform 100% inspection in a timely and 
cost efficient manner, passing parts found void of possible 
defects, and identifying those castings that have an ultrasonic 
signature consistent with the type of flaws that a foundry wants 
to detect. The developed system is quantitative in design and 
ability. The UICCS makes a simple Go/NoGo decision based upon 
the relative signal amplitude of ultrasonic echoes caused by 
subsurface discontinuities and acceptance criteria. 

The casting surface condition caused false echoes in three 
of the five suspected bosses, evident by the fact that the 
automatically detected subsurface echoes disappeared after the 
part surface was machined for manual inspection. The false 
echoes were near the top of the boss inspection area. 

The destructive testing of the suspected bosses did not 
locate any subsurface shrinkage cavities, this was a qualitative 
test for detecting material voids, as opposed to the quantitative 
inspection for subsurface discontinuities by both the automated 
and manual ultrasonic inspection. 

Artificial intelligence, manufacturing intelligence, 
adaptive control, and soft automation are all part of the 
technological advances that are in the process of migrating fr 
varying development stages to industrial utilization through 
technology transfer initiatives. The industrial partner was 
satisfied with the results, their technology transfer of the 
developed automated inspection cell is currently in the planni 
and design phase. 

Recommendations 

Some recommendations ultimately are derived from research 
conclusions and the enlightenment the researcher encounters 
during the research. These recommendations hopefully influence 
others to look in the same direction the researcher was at the 

- terminal point of the research. 
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Investigation into ultrasonic inspection methodologies to 
filter out surface condition interference is necessary to reduce 
false echoes. 
necessary for an expert system to increase the reliability and 
accuracy of defect detection. 
techniques other then the A-Scan used in this research. 
from multiple axes and using three dimensional imaging may be 
necessary to qualify the discontinuities. 

from the casting process could lead to the type of quality 
analysis which will effect defect prevention. 
that defect identification is a real possibility with more 
analysis and research. Other issues that need to be addressed 
are: probability of detection, new transducer coupling methods, 
focused versus unfocused transducers, signal processing, 
artificial intelligence, manufacturing intelligence, feedback 
process control, and managerial and worker resistance to new 
technology. 

The qualification of ultrasonic signatures is 

This may require scanning 
Scanning 

The correlation of ultrasonic signatures with variable data 

This also suggests 
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Table 1 
Software Develogment Verification 
Dynamic Test Block Run 1 

Flaw Depth 
Block  (in inches) Go NoGo Error 

- 2 0  

. 2 5  

.30 

- 4 0  

. 5 0  

.60 

.70  

--- 

0 

0 

1 

3 

1 

1 

2 

48  

56  

1 0 0  

100  

99 

9 7  

99  

9 9  

9 8  

52 

44 

0 %  

0% 

1% 

3% 

1% 

1% 

2 %  

5 2 %  . 

4 4 %  

Note. B l o c k s  X and Y do not have any f laws .  
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2 5  

T a b l e  2 
S o f t w a r e  Deve 1 opment Verification 
D y n a n i c  Test Block Run 5 

Flaw Depth 
Block  ( i n  inches) GO N o G o  Error 

0 100 0 %  A . 2 0  

B 

C 

D 

E 

F 

G 

X 

.25 

.30 

. 4 0  

.50  

.60 

.70 

--- 

0 

0 

100  

100 

100 

100  

1 0 0  

100 

0% 

0 %  

0% 

0 %  

0 %  

1 0 0  

0 

0% 

0% 

0 %  0 100 --- Y 

- Note. Blocks X and Y do n o t  have  any flaws. 
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Table 3 
InsDection Results of’castinqs Failinq 
UICCS Inspection Criteria 

Inspection Points 
0 0 0 0 0 0 0 0 0 1 1 1  1 1  1 1 1 Summary S e r i a l  

Number 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 UICCS Manual 
~~ ~ ~~ ~ ~ ~~ 

AZ (1) P P P P P P P P P P P F P P P P P  F F 

AZ(2) P P P P P P P P P P P F P P P P P  F 

A Z ( 3 )  P P P P P P P P P P P F P P P P P  F 

BJ(1) P P P F P P P P P P P P P P P P P  F 

BJ(2) P P P F P P P P P P P P P P P P P  F 

BJ(3) P P P F P P P P P P P P P P P P ?  F 

BS(1) P P P P P P P P P P P P P F P P P  F 

BS(2) P P P P P P P P P P P P P F P P P  F 

BS(3) P P P P P P P P P P P P P F P P P  F 

- DK(1) P P P P P P P P P P P T P P F P P  t 

P 

F 

P 

P 

DK(2) P P P P P P P P P P P P P P F P P  F 

DK(3) P P P P P P P P P P P P P P P P P  P 

DX(1) P P P P P P P P P P P P P P P P F  F 

DX(2) P P P P P P P P P P P P P P P P F  F 

DX(3) P P P P P P P P P P P P P P P P P  P 

Note: P = Pass, F = Fail 
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Fiaure 1. Ultrasonic A-Scan, test block C. 
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Fiqure 2. Ultrasonic A-Scan, test block F. 
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Fisure 4. Ultrasonic A-Scan, AA-01. 
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Figure 5. Ultrasonic A-Scan, AF-13. 
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Fiqure 6. Ultrasonic A-Scan, DH-06. 
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Fiqure 7. Ultrasonic A-Scan, AZ(1)-12. 
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F i q u r e  8. U l t r a s o n i c  A-Scan, AZ(2)-12. 
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F i a u r e  9. Ultrasonic A-Scan, AZ(3)-12. 
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Fiqure 10. Ultrasonic A-Scan, BJ(1)-04. 
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Fiqure 11. Ultrasonic A-Scan, BJ(2)-04. 
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Fiqure 12. Ultrasonic A-Scan, BJ(3)-04. 
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Fisure 13. Ultrasonic A-Scan, BS(l)-14. 
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Fiqure 14. Ultrasonic A-Scan, BS(2)-14. 
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Relative Signal Amplitude 
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Fisure 15. U l t r a s o n i c  A-Scan, BS(3)-14. 
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Fiqure 16. U l t r a s o n i c  A-Scan, DK(1) -15. 
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Fiaure 17. Ultrasonic A-Scan, DK(2)-15. 
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Fiqure 18 Ultrasonic A-Scan, DK(3)-15. 
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Fiaure 19. Ultrasonic A-Scan, DX( 1) -17. 
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Fiqure 20. Ultrasonic A-Scan, DX(2)-17. 
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Fisure 21. Ultrasonic A-Scan, DX(3)-17. 

. . . . _  
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CYCLE TIME (Minutes) 

Fiqure 22. Automated inspection cycle time for one part. 
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Fisure 2 3 .  Manual inspection cycle time for one boss. 
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I ........................................................................ 
* * Ultrasonic Inspection Conputer Control Softuare (UICCS) Project * 
I ...................................................................... 

University of Northern Iowa 
Dept of Industrial Technology * Metal Casting Center (MCC) * Cedar Falls, Iowa 50614-0178 

I ........................................................................ 
* Copyright 19592, Metal Casting Center, University of Northern Iowa 

A l l  rights reserved. 
I ...................................................................... 
I Uritten by: John S. Burninghern, D.I.T. 
I PO Box 616 
I Mahopac, NY 10541-0616 
I (914)628-7952 

* * 
* 

I 
1 Hardware Requirements: 80286/80386/80486 IW conpatibl'e 
I One Serial (RS-232) Port 
I One Parallel Printer Port 
I VGA Graphics 
I 1 MB R a m  Memory min. 
I Hard Drive 

I (Digital Isolated 1/0 Board) 
I Model  DI08-P 
I bus address: 8H300 
I Industrial Carputer Source 
I 4837 Mercury St. 
I San Diego CA 92111 
I (619)279-0084 

I (Digital Ultrasonic Flaw Detector) 
I EPOCH 2002 w/RS-232 Interface (19200 baud) 
I Panametrics, Inc .  
I 221 Crescent Street 
I Ualtham IIA 02254 
I (617)899-2719 

I PuickBasic V4.5 

I * Docunentation Section Revised 10/21/92 jsb * 

I 

I 

I 
I Software Developnent System: MS-DOS V5.00 
I 
I .................................................................... 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 
I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 
I 
I 

I 

I 

I 
I 

I 
I 

I 
I 
I 
I 

I 
I 

Inspection Data Output File - -  [serialnuiber.INSl (3643 bytes) 

POSIT ION 
0001 -0008 
0009-0022 
0023-0026 
0027-0043 
0044-0243 
0244-0443 
0444-0643 
0644-0843 
0844-1043 
1044- 1243 
1244-1163 
1644-1643 
1644-1843 
1844-2043 
2044-2243 
2244-2443 
2644-2643 
2644-2843 
2W-2043 
3044-3243 
3244-3443 
3444-3643 

DESCRIPTION 
Part Serial Nunber 
Date-Time stamp t ~ h n m s s l  
Decibel Level (Single percission variable) 
Pass/Fail s m r y  [P/Fl for points 1-17 
Inspection Reject Table 
A-Scan Data Set -- Inspection Point 01 
A-Scan Data Set -- Inspection Point 02 
A-Scan Data Set -- Inspection Point 03 
A-Scan Data Set -- Inspection Point 04 
A-Scan Data Set -- Inspection Point 05 
A-Scan Data Set -- Inspection Point 06 
A-Scan Data Set -- Inspection Point 07 
A-Scan Data Set -- Inspection Point 08 
A-Scan Data Set -- Inspection Point 09 
A-Scan Data Set -- Inspection Point 10 
A-Scan Data Set - -  Inspection Point 11 
A-Scan Data Set - -  Inspection Point 12 
A-Scan Data Set -- Inspection Point 13 
A-Scan Data Set -- Inspection Point 14 
A-Scan Data Set -- Inspection Point 15 
A-Scan Data Set - -  Inspection Point 16 
A-Scan Data Set -- Inspection Point 17 

42 



4 2  

DEFINT A-2 
CONST true = -1 
CONST fa lse  = 0 
CONST nul = 1111 

CONST S t a r  = 
D IM A d w p V a l u e ( 2 0 0 )  AS INTEGER 
DIM R e j e c t s t r i n g  AS STRING 200 
D I U  D a t e T i m S t r i n g  AS STRING * 14 
DIM F r o n t Z e r o O f f s e t  AS SINGLE 
DIM P a r t S e r i a l N u n b e r  AS STRING 
D I U  PutPSN AS STRING 8 
DIM R e a l t n p  AS SINGLE 
DIM Re jec tTab le (2OO)  AS INTEGER 
DIM Robo tDe leyT in re r  AS SINGLE 
DIM D e c i b e l  AS SINGLE 
D I U  S o r t 1  AS STRING 8 
DIM S o r t 2  AS STRING 8 
D I U  S o r t ( 5 0 0 0 )  AS STRING * 8 
D e c i b e l  = 67! 
EOB) = CHRS(23) 
ESCS = CHRS(27) 
CRS = CHRf ( l3 )  
OKs = "OK11 

I D e f a u l t  V a r i a b l e  type 

I 

D e f i n e  Inspection R e c o r d  
I 

TYPE Typel 
PSN AS STRING * 8 * P a r t  S e r i a l  Nunber  

OB AS SINGLE I S i g n a l  L e v e l  
PF AS STRING 17 4 P e s s / F a i  1 
RT AS STRING 200 I R e j e c t  T a b l e  
DAT AS STRING 3400 I Inspection D a t e  (200 bytes * 17 points) t ND TYPE 

DIM I n s p R e c o r d  AS Typel 
I 

Read COMMAND L i n e  f o r  runtime options 
I 

IF I N S T R ( C M N D S ,  "/D") > 0 THEN r D e b w F l a s  = true 

pLSE S o u d F l a g  = true 
~ N D  IF 
? IF  I N S T R ( C m N D S .  "/U1') > 0 THEN 

colorf 7 

colorf  = 14 
ND I F  

I 

I U s e r  Instructions f o r  comand l ine ll?r 

I F  INSTR(CWIIAWDS, THEN 
t 

PRINT 
PRINT Wmmnd L i n e  Options:11 
PRINT /D Debug" 
PRINT I* /O Quite (No 
PRINT I1 /M nonochrome (NO C o l o r ) "  
GOT0 byebyeend 

ND IF 
I 

OUT BH300, 0 I F o r c e  D108  t o  zero 

Check  for D I 0 8  B o a r d  a t  8H300 address 
I 

,-IF lNP(BH300) = 255 THEN I 

,-I;DN;; DebugFLag THEN 

I f  no board, va tw  w i l l  be 255 
CLS 
PRINT #*Robot D i g i t a l  I/O B o a r d  not detected a t  address 8H3001* 

PRINT " D i s a b l i n g  Inspection Module11 
PRINT " ( Y o u  can restart the p r o g r a m  w i t h  a /D option t o  enable)11 

INPUT "Press  <enter> t o  continue: ", SS 
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I DIOBFLas = false 
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FOR loopcount = 1 TO 8 C, RobotBit(1oapcmt) = fa lse 
EXT 

I 
I Allow Fn keys t o  toggal Output b i t s  on D108 board for  c k b g i n g  
I 

--IF DebugFlag THEN 
ON KEY(1) GOSUB Flkey 
KEY(1) ow 
ON KEY(2) GOSUB FZkey 
KEYCZ) ON 
ON KEY(3) COSUB F3key 
KEYC3) ON 
ON KEY(4) GOSUB F4key 
KEY(4) ON 
Ow KEY(5) W S U B  F5key 
KEYCS) ON 
ON KEY(6) GOSUB F6key 
KEY(6) ON 
Ow KEY(7) GOSUB F7key 
KEY(7) ON 
ON KEY(8) GOSUB F8key 
KEY(8) ON 
DisplayBoxTofl = CHRS(201) + STRINGS(8, CHRS(2OS)) + CHRS(187) 
DjsplayBoxUiddleS = CHRS(186) + It 
DisplayBoxBottd = CHRS(2OO) + STRlNGt(8, CHRS(205)) + CHRS(188) 

'I + CHRS(l86) 

L N D  I I F  

1 Reject Table (Go/NoW) Table 

DATA OO,OO,OO,OO, OO,OO,oO,OO,OO, 00,00,0O,OO,OO,~~,O~,O~,~~,~~,~~ 
DATA 00,00,00.00,00,00.00,00,00,00,41,41,40,40,39,39,38,38,37,37 
DATA 36,36,35,35 ,% , 34 , % I 33,33,33,32,32 , 32,31 , 31 , 31 , 30 , 30,30,29 
DATA 29,29,28,28,28,27,27,27,27.26,26,26,26,25 , 25,25,25,24,24,24 
DATA 24,23,23,23, U,22,22,22,22 , 21,21,21 , 21,20,20,20,20,20,19,19 
DATA 19,19,19,18,18,18,18,18,17,17,17,17,17,16,16,16,16,16,15,15 
DATA 15,15,15,14,14,14,14,14,14,13,13,13,13,13,13,12,12,12,12,12 
DATA 12,12,11,11,11 , 11 , 11 ,11 ,11 , 10,10,10,10,10,10,10,09,09,09,09 
DATA 09,09,09,09,08,08,08.08,08,08,08 , 08,08,08,08,08,08,08,08,08 
DATA 07, 07, 07,07,07,07,07,07,07,07,07,07,07,07,07,07,07,07,07,07 
I 

I 

I 

This routine reads the reject  table and creates Rejectstr ing 
I c;FSubScrip! taps = nul = 1 TO 200 

READ RejectTab Le(SubScript) 
tnpt = taps + CHRS(RejectTable(SubScript)) 

Rejectstr ing = tmpt 



- 4 5  

I 
I 

ON ERROR GOTO NoVGA 
SCREEN 12 

,-I;Dc;:orf = 14 THEN 

Screen Uode 12 (VGA) with blue backgrorad for color 
I 

PALETTE 0, 65536 * 25 

I 

I Setup Error trapping 

ON ERROR GOT0 ErrorTrap 
I 

l 

Clear Robot ac t iv i ty  f l a g  
I 

RobotActiveFlag = fa lse 
I 

UIDTH 80, 30 
CLS 
COLOR colorf 

1 I n i t i a l i z e  Clock Display 

ON TIUER(1) GOSUB ClockDisplay 

I 

I n i t i a l i z e  screen width and f o r e g r d  color 
I 

I 

I 

1 

Display Intro Screen 
a 

GOSUB IntroScreen 
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I 

I Uain Henu Loop 

0 UHILE MaiWenuSelection <> 4 

Display Main U w  

GOSUB ClearViewPort 
s S = V 4 A I N  M E N U "  
LOCATE 10, 40 - LEN(&) / 2 
PRXNT sS; 
c o l m  = 26 
LOCATE 13, co lum 
I F  DI08Flag OR Debugflag THEN 

PRINT "1. INSPECT PART"; 

PRINT "1. <<disabled>>14; 

I r :  
E L S E  

ND I F  
LOCATE 15, co lum 
PRINT "2. Report Menu1s; 
LOCATE 17, co lum 
PRINT H3. Display Inspection Record"; 
LOCATE 19, co lum 
PRINT "4. Quit ( E x i t  t o  DOS)I1; 
LOCATE 21, co lum 
COLOR 15 
PRINT "Enter Selection: I#; 
COLOR colorf  
PRINT CHRS(178); 
LOCATE 21, colum + 17 

I Get menu selection 
I 

I 1  : T" MaiWenuSelectionS = INKEYS 
LOOP UHILE MaiWenuSelectionS = nul 
PRINT MaiWenuSelectiorU; 
select ion = VAL(UaiWenuSeIectiM*) 
I F  (Selection > 1 AND selection < 5 )  OR (selection = 1 AND (DI08Flag OR DehgFLag)) THEN 

I f  SwndFlag THEN SOUND 1000, .S 
SELECT CASE selection 

GOSUB Inspectpart _i" GOSUB ReportMenu 

GOSUB DisplayInspectionRecord 

E X I T  DO 
ND SELECT 

selection = fa lse 

GOSUB InvalidEntry 
-LOOP ~ ND I F  

I F  SoudFlag THEN SOUND 2000, .5 
GOT0 byebye 

TIUER OFF 

force continued looping 
LSE 

byebye: 

I 

force D I 0 8  board t o  zero 
I 

OUT 81300, 0 
I 

Reset screen and terminate execution 
I 

SCREEN 0 
COLOR 7, 0 I reset screen colors 
CLS 

END 
b y e b y d :  
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ClearViewPort: 
TIMER STOP 
VIEW PRINT 9 TO 30 
CLS 2 
VIEW PRINT 
TIMER ON 
RETURN 

C 1 ockD i splay: 
ClockDisplayRou = CSRLIN 
ClockDisplayColum = POS(0) 
LOCATE 5, 31 
PRINT DATES; *I; TIMES; 
LOCATE ClockD i spl ayRow , C 1 ockD i splayCol um 
GOSUB DebugDisplayIO 
I F  TineOutTimer < 32767 THEN TimeOutTimer = TimeOutTimer + 1 
* 

IF RobotActiveFlag AND TimeOutTimer > 30 THEN 

IF IntroScreenFlag THEN 

I 

Force error on lack of Robot motion 
I 

G, I:RROR 254 

IntroScreenColor = RND 11 + 1 
LOOP UHlLE IntroScreenColor = LastlntroScreenColor LNC RETURN 

ComDpen: 
ErrorFlag = false 
OPEN VXM2: 19200, N,8,1, BIN , CSO ,DSO, CDO ,RE1 0248a FOR RANDOn AS #6 
GOSUB SendStar 
PR I NT #6, *ID I SP=Gat 
GOSUB ReadResponse 
RETURN 

I Increment timer 

Comt 1 ose: 
CLOSE #6 
RETURN 
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&calculate: 
a r e a l !  = 0 
AdurpPeakLovp = AdurpPeak 

CmUHILE AdunpPeakLoop 5 

C & I L E  AdunpPeakLoop 16 
a r e a l !  = &reel! + .6 
AdunpPeakLoop = AdrnpPeakLoop + 1 

C-UHILE AdunpPeakLoop 27 
a r e a l !  = &real! + .3 
AdrnppeakLoop = AdunpPeakLoop + 1 

f O O I L E  AdurpPeakLoop 60 
a r e a l !  = a r e a l !  + .2 
AdurpPeakLoop = AdunpPeakLoop + 1 

C-UHILE AdurpPeakLoop 62 

I F  AdumpPeakLoop = 62 THEN 
a r e a l !  = a r e a l !  + -19 
I F  DB > 3 AND a r e a l !  = -19 THEN a r e a l !  = .2 

a r e a l !  = 0 * Done kr I F  

a r e a l !  = a r e a l !  + 2.2 
AdrnpPeakLoop = AdunpPeakLoop + 1 

I 

I 

a r e a l !  = &real! + -15 
AdunpPeakLoop = AckmpPeakLoop + 1 

I 

DB = INT(dBreel! * 10) 

I Force Error i f  excessive dB 

I F  ReaddB + DB > 1000 THEN 
I 

GND IFRROR 253 

RETURN 

&change: 
I F  DB 0 THEN 

I F  ReaddB = 0 THEN 
GOSUB SendStar 
PRINT #6, llOB=?ll 
GOSUB ReadResponse 
ReaddB = CI NT (VAL( MID$( Responsest r i ngS, I NSTR( Responsest r ing t  , CHRS( 10) + "DB=I') + 

4)) * 10) 
h N D  IF 

I 

SET SYSTEM SENSITIVITY 

r r  
I 

GOSUB SendStar 
PRINT #6, USING UDB=###.#31; (ReaddB + DB) 4 10 
GOSUB ReadResponse 
ReaddB = ReaddB + DB 

-END I F  
RETURN 
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DekrgDisplayIO: 
I F  DebugFlag THEN 

t o  prevent recurrsive calk 

Save current cursor posi t ion 

DebugDisplayIOrow = CSRLIN 
DebugDispleyIOcolum = POS(0) 
'FOR DebugDisplayIOloopl = 1 TO 3 

LOCATE DekrgDisplayIOloopl + 1, 71 
?SELECT CASE DehugDisplayIOLoopl - . -  

CASE 1 

rASE 2 
CndValwl = Cmdvalw 
- 
I F  DI08FLag THEN 

CndValwl = INP(BH300) 

CndVelwl = W a l w  

I F  CmdValuel <> InHex300 THEN 
SOUND 750, 1 

InHex300 = Undraluel 

LSE I 0108 Board not installed, Allow FmKeys t o  force condit ion EL IF 

ND I F  

GOSUB Hex301Get 

DSS = nul 
FOR DekrgDisplayIOLoopZ-= 7 TO 0 STEP -1 r ,-IF w a l u e l  >= 21111~ebu~ispiay10ioop2 THEN 

DSS = DSS + - - - 2 DaxrgDisplayIOloop2 

+ 
CmdValuel I k r I F  DSS = DSS 

UEXT 
PRINT DSS: 

UEXT 

CndValuel 
"0" 

LOCATE 2, 1 
PRINT USING "FRE(-l):##W#"; FRE(-1) 
PRINT USING "FRE(-21:######": FREC-2) 
PRINT USING "FRE( -3 j :######" :  FRE(-3) 
PRINT USING t1Timewt:##W#8t; TimeOutTimer 
LOCATE DekrgOisplayIOrow, DebugDisplayIOcolum 
t 

Restore DebugFlag 
I 

DebugFlag = t rue Reset f l ag  
TIUER ON 

L D  RETURN IF 
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D i  splaylnspect i-ecord: 
GOSUB C l c a r V i W o r t  
LOCATE 13, 27 
PRINT WISPLAY INSPECTION RECORDs1; 
MSUB GetPartSerialNunber 
I F  PartSerlalNUIber nul AND tnpASC <> 27 THEN 

I 

I Open Data F i l e  
I 

DataFi Le$ = RTRIUS(PartSeria1NUIber) + 
OPEN DataFileS FOR BINARY AS #1 
I F  LOF(1) = 0 THEN 

I 
1 

CLOSE # l  
KILL DataFileS 
LOCATE 17, 28 

F i l e  i s  enpty (DID NOT EXIST) 
I 

[;DSLou:ta9 PRINT "Data F i l e  THEN does not  exist"; 

FOR Scan = 1 TO 20 
SOUND 1300, -4 
SOUND 1000, .4 
SOUND 700, -4 

ELSE 
I 

Get Data from f i l e  

GET #1, 1, InspRecord 
I 

I 

1 Close Data F i l e  

CLOSE #1 
I 

I 

Display Par t  Se r ia l  Nunber 
1 

LOCATE 30, 1 
PRINT "Serial #: @I; PartSerialNunber; 

1 Display Date/Time o f  Inspection 

LOCATE 30, 24 
PRINT "Date/Time: la; HIDS(InspRecord.DTS, 5, 2); 81/11- 
PRINT UIDS(InspRecord.DTS, 7, 2); it/at; LEFTS(InspRec&d.DTS, 4); 
PRINT MIDS(InspRecord.DTS, 9, 2); l*:ls; 
PRINT MIDS(InspRecord.DTS, 11, 2); 
PRINT UIDS(InspRecord.DTS, 13, 2); 

I Display Signal Level 

LOCATE 30, 60 
PRINT USING ISignal  Level:##.#dB1l; 1nspRecord.DB; 

I 

1 

"; 

I 

I 

I 

Display Inspection Point Status 
I li.1.1' LOCATE 8 TO + Scan, 17 75 

COLOR 2 

COLOR 4 

PRINT USING "W1; Scan; 
COLOR co lo r f  

I F  UIDS(InspRecord.PF, Scan, 1) = 

EX1 

Ilpll THEN 
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-FOR Scan = 1 TO 17 
LOCATE 8 + Scan - 1, 72 
PR I UT SPACES( 2) ; 
LOCATE 8 + Scan + 1, 72 
PRINT SPACES(2); 
LOCATE 8 + Scan, 72 
COLOR 15 

GOSUB DisplayScan 
00 

PRINT **>>**e 

COLOR c0lo;f 

T" keyS = INKEYS 
Loop WHILE keyS  = nul 

- I F  LEN(keyS) = 2 THEN 
I F  RIGHTSCkeyS, 1) = CHRS(72) THEN 

IF Scan > 1 THEN 
Scan = Scan - 2 
key) = CRS kr I F  keyS = nul 

keyS = CRf 

LSEIF RIGHTS(keyS, 1) = CHRS(80) THEN 
I F  Scan < 17 THEN 

NO I F  
-ELSEIF key) = CHRS(27) THEN 

-END I F  

Scan = 17 
key) = CRS 

-LOOP UHILE keyS CRS 
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Displayscan: 
Rejectstring = 1nspRecord.RT 
WSUB DrawGraphicScreen 

I Display Scan 
I 

I 

-FOR Subscript = 1 TO 200 
temp1 = ASC(UIDS(InspRecord.DAT, (Scan - 1) * 200 + SubScript)) 
tenp? = ASC(UIDt(RejectStrlng, Subscript, 1)) 
LINE (Subscript 2 - 1, 254)-(SubScript 2, 254 - temp1 4), 2 ,  B 
I F  tcnpZ > 0 AND terrpl > t& THEN 

LINE (SubScript * 2 - 1, 254 - tenpi! 4)-CSubScript 2, 251 - t-1 * 41, 4, B 
ND I F  

- E X 1  
WSUB DrawRejectLine 
RETURN 

DrawGraphi ctcreen: 
I 

Setup Graphic View Port 
I 

VIEU (120, 136)-(520, 3901, 8, 1 
I 

Draw division lines 

FOR i = 40 TO 360 STEP 40 

WSUB DrauRejectLine 

* iable Graphic Screen 

I 

LINE (i, O ) - ( i ,  2541, 14, , &HFOFO 
L E X 7  

8 

I 

LOCATE 26, 16 
PRINT *IO -2  
RETURN 

.4 .6 .a 1 .ON 

DrawRejectLine: 
I 

1 Draw Reject tine on screen 

FOR Subscript = t TO 200 
I 

temp = ASC(UIDS(RejectString, SubScript, 1)) 
I F  temp > 0 THEN 

PSET (Subscript * 2 - 1, 254 - temp * 4), 3 
PSET (SubScript * 2, 254 - temp * 4 ) ,  3 

l E X L N D  RETURN IF 

53 



53 

Error1 rap: 
GOSUB C LearVi W o r t  
ecode = ERR 
I f  -ode = 57 OR eccde = 255 OR ecode = 253 THEN 

Error code 57 i s  Device 1/0 error 
Error code 255 i s  program generated fo r  a device timeout. 

LOCATE 10, 7 
= 253 THEN 

PRlNT "The Panametrics EPOCH 2002 i s  not reading a signal (+loodB gain)" 

PRINT "There i s  a comnnication problem with the Panametrics EPOCH 2002" 
I F  

LOCATE 12, 7 
PRINT "Press any key t o  reset the Robot t o  H m .  
LOCATE 14, 7 
PRINT "the EPOCH 2002 o f f  and back on again, and then res tar t  the program.11 
LOCATE 18, 30 
I F  ecode = 57 THEN 

You w i l l  need t o  cycle11 

PRINT Wevice 1/0 Errora1 

PRINT IIDevice Timeout Error" 
E L S E  

f ':e>% = INKEY$ 
OOP UH!iE keyS = nul 

GOSUB ResetTOT 
RobotActiveFLag = true 
IFOR ErrorLoop = InspPoint TO 17 

I 

I Wove Robot t o  next IrrspPoint 

RobatBitSubScript = 1 
GOSUB RobotBitSetTrue 
GOSUB RobotControl 

I Clear Robot Control B i t  

GOSUB RobotBitSetFalse 
GOSUB RcbotControl 

I Uait until Robot Clears [sets False1 positon ready b i t  

I 

I 

I 

I 

I ro GOSUB Hex301Read 
LOOP UHILE Hex301cO) 

,IF E r r L o o p  < 17 THEN 

Uait unti l  Robot i s  i n  posi t ion 

1 GOSUB Hex301Read 
LOOP UHILE NOT Hex301(01 . .  

~ N D  IF 
WEXT 
GOT0 byebye 

LSEIF ecode = 254 THEN 

Error code 254 i s  program generated fo r  a device timewt on Robot 

LOCATE I O ,  7 
PRINT "There i s  a comrrrnication problem with the Hitachi H5030 Robot" 
LOCATE 12. 7 
PRINT "Press any key t o  terminate program. You w i l l  need t o  reset" 
LOCATE 14, 7 
PRINT *Ithe Robot, i f  th i s  problem continues, the interface or the Robota1 
LOCATE 16, 7 
PRINT "program my be the error or the Robot i s  not i n  REMOTE UODE.@l 

LOOP UHILE key$ = nul 
GOTO byebye 

SELECT CASE ecode 

k e 9  = INKEYS 

-ELSE r ASE 2: Error-HsgS = lasyntax Errorla 
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E 3: Error.MsgS = #'RETURN without GOSUB18 
E 4: Error.MsgS = %it of DATAL1 
E 5: Error.MsgS = 8111iegal f w t i o n  Cal l"  
E 6: Error.UsgS = WverfLouB8 
E 7: Error.MsgS = "Out of Memory" 
E 9: Error.HsgS = "Subscript out of Range" 
E 10: Error.MsgS = NDuplicate Definetion" 
E 11: Error.MsgS = "Division by Zero" 

13: Error.UsgS = "Type Mismatch8' 
14: Error.MsgS = Wut of Str ing Space" 
16: Error.MsgS = IS t r ing  Formula too complexsa 
19: Error.MsgS = oaNo RESUME" 
20: Error.MsgS "RESUME without errormt 
24: Error.MsgS = "Device timeoutan 
25: Error.MsgS = Wevice faul t t t  
52: Error.MsgS = "Bad filenaine or mmber8a 
53: Error.UsgS = V i l e  not f&' 
54: Error.MsgS = *Bad f i l e  mode8o 
55: Error.MsgS = V i l e  already opent8 
57: Error.MsgS = "Device I/O errorar 
58: Error.MsgS = IIFi le already exists" 
61: ErrorAsgS = "Disk ful l86 
64: Error.MsgS = *Bad f i l e  name" 
67: Error.MsgS = "Too many f i l es "  
68: Error.MsgS = "Device unavai table" 
70: Error.MsgS = W r i t e  protected disk" 
71: Error.MsgS = IIDisk-drive door i s  open or no disk i n  drive" 
72: Error.HsgS = "Disk sledia error - disk i s  defective" 
75: Error.UsgS = "Path f i l e  access erroro8 
76: Err0r.Msg.S = "Path not four@ 
ELSE: Error.MsgS = #@Error code8o + STRS(ecode) 

T 
LOCATE 15, (72 - lEN(Error.MsgS)) 1 2  
PRINT "ERROR - "; Error.HsgS 

PRINT "Press <RETURN> t o  continue or  < E S P  t o  ex i t "  

key$ = INKEYS rFp LOOP UHILE keyS = nul 
LOOP UHILE keyS 
I F  keyS = ESCS THEN GOT0 byebye 
RESUME 

CRS AND key$ <> ESCS 

-END I f  
STOP *-This l i n e  should never be executed*** 
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8 

8 
I 

F l  key: 

The Fn keys are only used for  debugging 
Define Fn keys fo r  toggling D I 0 8  output b i t s  

I 

RobotBitSubSFript = 1 
GOSUB RobotBrtToggle 
GOSUB RobotControl 
RETURN 

RobotBitSubScript = 2 
MSUB RobotBitToggLe 
GOSUB Robotcontrol 
RETURN 

FZkey: 

F3key: 
RobotBitSubScript = 3 
GOSUB RobotBitToggle 
GOSUB RobotControl 
RETURN 

RobotBitSubScript = 4 
GOSUB RobotBitTossle 

Flkey: 

GOSUB Robotcont r ai 
RETURN 

Ffikey: 
RobotBitSubScript = 5 
GOSUB RobotBitToggle 
GOSUB RobotControl 
RETURN 

F6key: 
RobotBitSubScript = 6 
GOSLJS RobotBitToggle 
GOSUB RobotControL 
RETURN 

RobotBitSubScript = 7 
MSUB RobotBitToggLe 
MSUB RobotControl 

F7key: 

RETURN 

F8key: 
RobotBitSubscript = 8 
GOSUB RobotBitToggle 
GOSUB RobotControL 
RETURN 
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GetAdap: 
ErrorFlag = fa lse 

8 Average 4 A-Scans together i n  EPOCH 2002 

GOUIB SendStar 
PRINT Yb, "AVE4" 
GOSUB ReedResponse 
I F  NOT ErrorFlag THEN 

I 

8 .  

GOSUB SendStar 
PRINT #6, WDWP=?18 
ResponseLmgth = 613 
tosuB ReadResponse 
. IF  LEN(ResponseStringS) < Responselength THEN 

ERRDR 255 
ELSE 

I Convert Adunp data (hex) t o  Base10 

Responses = R I  GHTS(ResponseStr in#, ResponseLength ) 
SubScript = 1 
Posit ion = 1 

8 

1 

tlnps = HIDS(ResponseS, Position, 1) 
Posit ion = Position + 1 
HexloBaselO = -1 
I F  (ASC(tnpS) >= 48 AND ASCCtmpf) <= S f )  THEN 

= (ASCCtnpS) - 48) * 16 

65 AND ASC(tmpf) <= 70) THEN 
HexToBaselO = (ASC(tmpS) - 55) * 16 

tmpf = UIDS(Responsef, Position, 1) 
Posit ion = Posit ion + 1 
I F  (ASC(t@) >= 48 AND ASC(tnpS1 <= 57) THEN 

IF (ASC(tnpS) >= 65 AN0 ASC(tnpS1 <= 70) THEN 

MunpVatw(SubScript) = HexToBaselO 
Subscript = SubScript + 1 

IF HexToBaselO > -1 THEN 

HexToBaselO = HexToBaselO + (ASC(tmpS) - 48) 

HexToBaselO = HexToBaselO + (ASC(tnpS) - 55) 
ND XF 

L 4 N D  I F  
LOOP YHlLE Subscript < 200 

€ND IF 

GetAdunpPeak : 
GOSUB GetAdunp 
AdurpPeak = 0 
AdurpPeakPosition = 0 
FOR Posit ion = SubscriptStart TO SubscriptEd 

I F  AdunpVelue(Position) > AdurpPeak THEN 
w e a k  = AdunpValue(Position) 
AduapPeakPosition = Position 

RETURN 
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GetDateTime: 
DTSS = DATES 
DTSS = MIDS(DTSf, 
DTSS = LEFWDTSS. 

7, 4 )  + LEFTt(DTSS, 2) + MIDS(DTSS, 4, 2) + TIMES 
, 10) + HIDS(DTSt, 12, 2) + RIGHTSCDTSS, 2) 

DateTimstring = DTSS 
RETURN 

GetPartSer i alNunber : 
I 

Get Part Serial Nunber 
I 

PartSerialNunber = nul 
LOCATE 15, 20 
COLOR 15 
PRINT "Enter Part Serial Nunber: t 
COLOR colorf 
LOCATE 15, 06 
DO 

tnpS = UCASES(1NKEYS) ,-IIs;npS tnpASC = nul = THEN 0 

tnpASC = ASC(tmpS1 
ND I F  

](I. 
8 

LekSN = LEN (PartSer i a1 Wunber ) 
- 

.IF (tmpASC >= 48 AND tnpASC <= 57) OR (tmpASC *= 65 AND tnpASC <= 90) THEN 
IF LenPSN < 8 THEN 

LSE 

ELSEIF tnpASC = 8 THEN 
I 

Backspace Character E-Is;enPSN I > 1 THEN 

PartSerialNunber = LEFTS(PartSerialNunber, LenPSN - 1) 

PartSerialNunber = nul 
ND IF 
LOCATE 15, 47 
PRINT PartSerialNunber; SPACEf(9 - LenPSN); 

ELSEIF tnpASC <> 13 AND tmpASC <> 0 AND tmpASC <> 27 THEN 

Invalid character 
I 

BEEP 
-END IF 

,LOOP UHILE tnpASC <> 13 AND tnpASC <> 27 
RETURN 
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Hex301Get: E;-I;:8Flag THEN 
UadVaiwl = INP(LH301) 
W e l u e l  = DebuglnHex301 

InHex301 = ClldValw1 
RETURN 

Hex301Read: 
GOSUB Hex301Get 
InHed01Tenp = InHedOl 
FOR Hex301ReadLoop = ? TO 0 STEP -1  

IF InHex301Tenp >= 2 Hex301ReadLoop THEN 
HefiOl(Hed01ReadLoo 1 = true 
InHex301Tenp = InHex!kIlTenp - 2 . -  Hex301ReadLoop 
HedOl(Hefi01ReadLoop) = false 

LSE 

ND IF 

RETURN 
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Inspectpart: 
GOSUB ClearViewPort 
LOCATE 13, 34 
PRINT "INSPECT PART"; 
WSUB GetPartSerialNunber 
IF PartSerialNmher = nul OR tnpASC = 27 THEN GOT0 InspectReturn 

I Display Part Serial Nunber 

LOCATE 30, 1 
PRINT %erial #: I,; PartSerialNunber; 
I 

COW3 GetDateTime 
1nspRecord.PSN = PartSerialNuaber 
1nspRecord.DTS = DateTimstring 
InspRecord-PF = nul 
tnpt = nul 
FOR Subscript = 1 TO 200 

1nspRecord.RT = t@ 
1nspRecord.DAT = nul 

Open COn Port 

I 

I 

I 

Save File Header and initialize InspRecord 
I 

tnpt = tnpt + CHRS(RejectTable(SubScript)) 
EX1 

I 

I 

WSUB Canopen 
I 

ResetTOT for Robot timeout 
I 

WSUB ResetTOT 
l 

Set Robot activity flag 
I 

RobotActiveFlag = t r w  
I 

Select Robot Program #1 
I 

RobotBitSubScript = 3 
GOSUB RobotBitSetTrue 
RobotBitSubScript = 4 
WSUB RobotBitSetTrue 
GOSUB RobotControl 
l 

Start Robot Execution 
I 

RobotBitSubScript = 2 
GOSUB RobotBitSetTrw 
GOSUB RobotCmtrol 
I 

Clear Robot Control Bits 
I 

RobotBitSubScript = 2 
GOSUB RobotBitSetFalse 
RobotBitSubScript = 3 
GOSUB RobotBitSetFalse 
RobotBitSubScript = 4 
GOSUB RobotBitSetFelse 
GOSUB RobotControl 

Graphic Screen 

GOSUB DrawGraphicScreen 

l 

I 

l 

Display Inspection Point Status 
I E=F,'"'int = 1 TO 17 

LOCATE 8 + Inspoint, 75 
PRINT USING *#P; Inspoint; 

I 

I Clear PartDefectFlag 

PartDefectFlag = false 
I 

60 



60  

I 

I Inspect 17 Inspoints 

#FOR Inspoint = 1 TO 17 
I 

I 

I CLear InspRepeatFlag 

InspRepeatFlag = false 
LOCATE 8 + InspPoint, 75 
COLOR 15 
PRIUT USING lr##fil; Inspoint; 
COLOR colorf 
I 

I 

I 

Program Entry Point for reinspection 
I 

epeatEnt #-poi nt : 
I 
* 
GOSUB ZeroTransducer 
8 

Adjust Panametrics EPOCH 2002 for instpection 
I 

I 

Set dB Level for inspection 
I 

I 

GOSUB SendStar 
PRINT #6, USING IIDB=##.#8B; Decibel 
GOSUB ReadResponse 

I Get Inspection data durp 

GOSUB GetAdcnp 

I 

I 

I 

Redraw Graphic Screen 
I 

GOSUB DrawGrephicScreen 

I Display Inspection Point # 

LOCATE 30, 60 
PRINT USING I*Inspection Point: WI; Inspoint; 

* Is there a defect???? 

I 

I 

I 

I 

DefectFlag = false 
FOR SubScript = 1 TO 200 

LINE (Subscript 2 - 1,254)-(SubScript 2, 254 - AdunpValue(SubScript) * 41, 2, B 

THEN 
LIUE (Subscript * 2 - 1, 254 - RejectTable(SubScript) 4)-(SubScript 2, 254 - Adunp\lalw(SubScript) 41, 4, B 
DefectFlag = t r w  

rIF RejectTable(SubScript) > 0 AND AdunpVaLw(SubScript) > ReJectTableCSubScript) 

1 1 
r 

If 
GOSUB DrauRejectLine 
I 

If defect found, reinspect InspPoint 
I 

IF NOT InspRepeatFlag AND DefectFlag THEN 
11. 

LOCATE 30, 33 
PRINT I81 nsp: , 
COLOR 15 
LOCATE 30. 39 
PRINT l1Retesting1#; 
COLOR colorf 
InspRepeatflag = true 
GOT0 I nspRepeatEnt ryPoint 

Uove Robot to next Inspoint 

IF 

I 

RobotBitSubScript = 1 
GOSUB RobotBitSetTrw 
GOSUB Robotcontrol 

I Display & Save DefectFlag 
I 

I 

rIF DefectFLag THEN 
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11. I 

11 . 8 

LOCATE 8 + Inspoint, 75 
COLOR 4 
PRINT USING '###"; IMpPOint; 
COLOR colorf 
LOCATE 30, 33 
PRINT nsp: 
COLOR 4 
LOCATE 30, 39 
PRINT llFAILED1l; ,4-lSn.spPoint COLOR colorf = 1 THEN 

1 Set PertDefectFlag 

PartDefectFLag = true 
LOCATE 8 + InspPoint, 75 
COLOR 2 
PRINT USING "##"; Inspoint; 
COLOR colorf 
LOCATE 30, 33 
PRINT llInsp: 
COLOR 2 
LOCATE 30, 39 
PRINT "PASSEDII; 

1nspRecord.PF = I1F1I 

1nspRecord.PF = LEFTS(InspRecord.PF, Inspoint - 1) + 'IF" 
ND IF 

I 

I 

€LSE 

,-lls;nspPoint COLOR colorf = 1 THEN 

Convert Data to string and Save for data file 

1nspRecord.PF = *PI* 
1nspRecord.PF = LEFTS(lnspRecord.PF, InspPoint - 1) + llP1l 

ND IF 
.END I F  
I 

I 

I 

tmps = nul 
FOR Subscript = 1 TO 200 

t@ = t e  + CHRS(AdunpValue(SubScript)) 

InspRecord.DAT tnpS 

1nspRecord.DAT = LEFTS(lnspRecord.DA1, (Inspoint - 1) * 200) + t@ 

,-II;;;pPoint EX1 = 1 THEN 

l 

Clear Robot Control Bit 
I 

GOSUB RabotBitSetFalse 
GOSUB RobotControl 
I 

I I Uait until Robot Clears [sets False1 positon ready bit 
I 

GOSUB CLockDisplay 
GOSUB HedOlRead 1,s" LOOP WHILE HedOl(0) 

I 

I Clear Robot activity flag 

RobotActiveFlag false 
8 

I 

Close CW Port 
I 

GOSUB CaClose 

I Save Inspection Signal Level 

1nspRecord.DB = Decibel 
I Open Data File 

I 

I 

I 

* 
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DataFi le$ = RTRIIIS(PartSeria1N~r) + *I. INS" 
OPEN DetaFileS FOR BINARY AS #I 
I 

Save Data to f i l e  
I 

WT 11, 1, InspRecord 
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- IF  P a r t O e f e c t F l a g  THEN 
LOCATE 28, 30 
COLOR 15 
PRINT #*Rerun P a r t  [y/Nl: *; 
COLOR colorf  

tnpt = UCASES(raL:EYS) 
I F  t@ = CRS TiiEN tqS = rN1l 

LOOP W I L E  tqS c> llY1l AND tmpS <> llN*l 
PRINT t-; 
I F  tqS = llYlt THEN 

LOCATE 28, 30 
PRINT SPACEf(20); 
LOCATE 30, 38 
PRINT SPACEf(l1); 
LOCATE 30, 78 
PRINT SPACEf(2); 
R e r w r F l a g  = t rue 

RerunFLag = f a l s e  :: LSE R e r u n f l a g  ND I F  = fa lse 

r 
LSE 

ND I F  
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IntroScreen: 
FOR i = 1 TO LENCsS) 

IF VAL(MIDS(sS< i, 1)) THEN 
MID$(&, 1, 1) = CHRS(ll8) 
nlDS(sS, i, 1) = CHRS(32) 

WSUB ScreenHeader 
TIMER STOP 
row = 11 
colunn = 5 
COLOR colorf - 2 cxTi = 0 TO 1 1  

COLOR colorf 
TIMER ON 
LOCATE 25, 14 
PRINT "Ultrasonic Inspection Cell Control Software (UICCS)"; 
COLOR 15 
LOCATE 27, 24 
PRINT I(<< Press any Key to ContiWe >>I1; 
COLOR colorf 
row = 11 
colun, = 5 
RANDWIZE TIHER 
IntroScreenFlag = true 
IntroScreenColor = 12 

LOCATE row + i, colum 
PRINT MlDS(sS, i 70 + 1, 70); 

4 0  
I F  colorf = 14 AND IntroScreenColor <> LastIntroScreenCoLor THEN 

TIMER STOP 
COLOR IntroScreenColor 
FOR i = 0 TO 11 

LOCATE row + i, colum 
PRINT MIDScsS, i 70 + 1, 70); 

LastIntroScreenColor = IntroScreenColor 
COLOR colorf 
TIMER ON 

ND IF 
tnpS = INKEYS 

IntroScreenFlag = false 
GoulB ScreenHeader 
RETURN 

1 nva 1 idEnt ry: 
LOCATE 21, colum + 17 
PRINT "***Invalid Entrp**I1; 
BEEP 
SLEEP 2 
LOCATE 21, colum + 17 
PRINT It , 
ErrorFlag = true 
RETURN 

-LOOP YHILE tnpS = n ~ l  

I,. 

NoVGA: 
I 

Error Routine for canputers without V W  graphics 

PRINT This program requires a VGA graphics card to 
PRINT 

I 

GOT0 byebyeend 
I 

8 

RESUME 
RETURN 

This program should never process the next tuo lines 
I 
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ReadResponse: 
GOSUB Reset101 
Responsestrings = nul 

I Uait for EOBS character or timeout 
I 

I 

ResponseStringS = Responsestrings + INPUTS(LOC(6). #6) 
IF INSTR(RespseStringS, EOBS) > 0 THEN EXIT DO 

OOP UHILE TinrOutTimer < 2 

I Check for timeout 

IF INSTR(Res eStringS, EOBS) = 0 THEN 
ERROR 2 r  

I 

RETURN 

ReportMenu: 
COLOR colorf 
ReportMenuSelection = false 
00 YHILE ReportMenuSelection 4 

GOSUB ClearViewPort 
sS = 'OR E P 0 R T M E N Ual 
LOCATE 10, 40 - LEN(&) / 2 
PRINT sS; 
colum = 26 
LOCATE 13, colum 
PRINT Ill. Print Inspection Sunnaryll; 
LOCATE 15, colum 
PRINT "2. Print Today's Inspection Sunnaryll; 
LOCATE 17, colum 
PRINT "3. <<Unavai 
LOCATE 19, colum 
PRINT "4. Return to Main Menuo1; 
LOCATE 21, colum 
COLOR 15 
PRINT "Enter Selection: Is; 

COLOR colorf 
PRINT CHRS(178); 
LOCATE 21, colum + 17 
GOSUB Reset101 
I 

Get selection or force return to main menu 
I 

ReportMenuSelectionS = INKEYS 
I F  TimOutTimer > 60 THEN ReportMenuSelectionS = W1 I 

LOOP UHILE ReportMenuSelectionS = nul 
PRINT ReportMenuSelectiont; 
select ion = VAL(ReportMenuSelect ion$) 
IF selection > 0 AND selection < 5 THEN 

I F  SovdFlag THEN SOUND 1000, .5 

ReportSunnaryTodayFLag = false 
GOSUB Reportsunnary 

ReportSunnaryTodayFlag = true 
GOSUB Reportsunnary 

REM GOSUB . 
EXIT DO 

ReportUenuSelection = 4 
selection = true I 
GOSUB InvalidEntry 

,LOOP 
IF SoundFlag THEN SOUND 2000, .5 
RETURN 

ASE 4 

ND SELECT 

force continued looping 

ND IF 
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ReportSunnary: 
LOCATE 25, 33 
PRINT 08<<Processing>>an; 
GOSUB Repor tSunnary In i  t 
GOSUB GetDateTime 

LineNunber = 1 
PegeNultS2r = 1 
DatcT imePr in tS  = DATES + I t  
PRINT 6, lB1l 

FOR RecordNwber  = 1 TO MaxRecordNwber 
GET #3, RecorBtmber ,  S o r t 1  
F i lenames = RTRIClf(Sort1) + ll.INSal 
OPEN Fi lenames FOR RANDOW ACCESS READ AS #1 LEN = 3643 
GET #l, 1, InspRecord 
CLOSE #1 

OPEN "UICCS.PRT" FOR WTWT AS 6 

+ TIUES 

r I F  (ReportSurmaryTodayFlag AND LEFTS(InspRecord.DTS, 8 )  = LEFTSCDateTimeString, 8 ) )  OR 
(NOT RewrtSumrarvTcdavFLas)  THEN 

I 

. -  
I F  L i n e N h r  = 60 THEN 

PRINT 6, CHRS(12) 
L i n e N m b e r  = 1 

I F  LineNunber = 1 THEN 

P r i n t  Repor t  Header 

PRINT 6, 1w 
PRINT 6, TAB(22); WLTRASONIC INSPECTION REPORT S W R Y " ;  TAB(70); 
PRINT E, USING "Page: e; PageNunber 
PRINT 6, TAB(30); DateTimePr in t f  
I F  R e p r t S u m r a r y F  lag THEN T PRINT 6, ~ ~ ~ ( 3 0 1 :  w w s  Records o n i y ~ ~  . PRINT EX1 E, CHRS(12); 

CLOSE 
I F  

&NO IF 

PageNunber = 1 AND LineNunber 

[ I F  PRINT SL;dlag "Request THEN Terminated  - LOCATE 25, 20 

FOR Scan = 1 TO 20 
SOUND 1300, .4 
SOUND 1000, .4 
SOUND 700, .I 

. NO I F  

= 1 THEN 

No match ing  Records"; 
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SHELL "COPY UICCS.PRT PRN:I1 
I F  

KILL I1UI CCS . THP" 
KILL "UICCS.PRT" 
RETURN 

ReportSunneryInit: 
I 

U r i t e  D i rec to ry  t o  F i l e  

SHELL "DIR *.INS > UICCS.DIR" 

I 

OPEN "UICCS.DIRI1 FOR INPUT AS #2 
OPEN laUICCS.TMP1l FOR RANDOM AS #3 LEN = 8 
Recordlunber = 0 

I 

I 

Read in d i r e c t o r y  and save filenames ( s e r i a l  nunbers) 
1 

0 WILE NOT EOF(Z) 
LINE INPUT # Z ,  tnpt 
I F  HIDt(tmpt, 10, 3) = IIINS*I THEN f i l m  extension 

RecordNunber = RecordNunber + 1 
PutPSN = tqS 
PUT #3, RecordNunber, PutPSN 

ND I F  

CLOSE #2 
KILL "UICCS.DIR1I 
HaxRecordNunber = RecordNunber 

I Sort Filenames (Ser ia l  Nunbers) 

I F  HaxRecordNunber > 5000 THEN 

I 

I 

I 

I Sort t o  Disk [' I , t ~ : ~  l F f a t s e  

FOR RecorcWunber = 1 TO HaxRecordUunber - 1 
GET #3, RecordNunber, S o r t l  
GET #3, RecordNunber + 1, Sort2 
I F  S o r t l  > Sort2 'HEN 

PUT #3, RecsxINunber, Sort2 
PUT #3, RecordNunber + 1, S o r t l  
SortFLag = t r u e  

EXT 
LOOP UHILE SortFlag = t r u e  

* Sort i n  memory 

FOR RecordNunber = 1 TO MaxRecordNunber 

ELSE 
I 

I 

L GET #3, RecordUunber, Sort(RecordNunber) 

+ 1) THEN 
SUAP Sort(RecordNunber), Sort(RecordNunber + 1) 
SortFLag = t r u e  

EXT 
LOOP UHILE SortFlag = t r u e  
FOR RecordNunber = 1 TO MaxRecordNwber 

PUT #3, RecordNunber, Sort(RecordNunber) 

END I F  
RETURN 
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ResetTOT : 
TirneOutTiner  = 0 
RETURN 

RobotBTtSetFalse: 

RETURN 

RobotBi t (RobotBi tsubscript) = true 
RETURN 

RobotBi t (RobotBi tSlJbScr ipt) = false 

RobotBitSetTrw: 

RobotBi t logg 1 e: 
I F  Robot%it(RobotBitSubScript) THEN r GOSUB RobotBi tSetFalse 

GOSUB RobotBitSetTrue 
E I F  RETURN 

RobotControl: 
1 

I 

UndValw = 0 
I F  RobotBit(1) THEN W a l w  = Cmdvalue + 1 
I F  RobotBit(2) THEN W a l u e  = CndValue + 2 
IF RobotBit(3) THEN CmdValue = W a l w  + 4 
I F  RobotBit(4) THEN W a l u e  = CndValue + 8 
I F  RobotBit(5) THEN W a l u e  = CnrNalue + 16 
I F  RobotBit(6) THEN W a l u e  = CmdValue + 32 
IF RobotBft(7) THEN CmNalue = CndVaLue + 64 
I F  RobotBit(8) THEN W a l w  = W a L w  + 128 

I 

I t i m e  t o  read the control Line 

Calculate cmdvalue fo r  control l i n g  0108-P interface board 
I 

f 

Hake sure .3 seconds have elapsed since las t  OUT 8H300 
Note: This i s  required so that the H I T A C H I  M5030 has 

c&P UNTIL RobotOelayTimer + .3 < TIMER OR TIMER < RobotDelayTimer 

I Send control signal t o  H I T A C H I  H5030 v ia  DIOB-P interface board 

OUT &H300, W a l u e  

I 

I 

I 

Save time fo r  robot delay loop 
I 

RobotOelayTimer = TIUER 
GOSUB DebugOispLaylO 
RETURN 
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ScreenHeader: 
COLOR co lo r f  
CLS 0 
I F  DebugFlag THEN 

I PRINT DisplayBoxTopS; 
LOCATE 2. 70 
PR I NT-Displ ayBoxMi ddl et; 
LOCATE 3, 70 
PRINT DisplayEoxMiddleS; 
LOCATE 4, 70 
PRINT DisplayBoxMiddle$; ' 

LOCATE 5. 70 
PRI NT D ispl ayBoxBottomS; 
GOSUB DebugDisplayIO 

LOCATE 1, 27 
PRINT Wnivers i ty  o f  Northern Iowa11; 
LOCATE 2, 23 
PR I I T  "Department o f  Indus t r ia l  Technology11; 
LOCATE 3, 30 
PRINT Wetat  Casting Centero1; 
LOCATE 4, 27 
PRINT UCedar Fal ls, 1A 5061L-0178*1; 
GOSUB ClockDisplay 
LOCATE 6, 21 
PRINT llCopyright 1991-1992, A1 1 Rights Reservedu; 
LOCATE 7, 34 
PR I NT Wers i  on 0 .5111; 
TIMER Ow 
RETURN 

Sends t a r  : 
ResponseLength = 1 
I 

Clear COn Input Buf fer  
I 

I F  LOC(6) > 0 THEN Responses = INPUTt(LOC(6), #6) 

I Send a t ten t ion  character I*] 

PRINT #6, Star; 
I 

GOSUB Reset101 

I 

I 

I 

Wait f o r  a response w/timeout 
I 

OOP WHILE LOC(6) < ResponseLength 
I 

Read CON Buffer 
I 

Responsestart = INWT$(LOC(6), #6) 

Is acknowledgement correct [*I 
I 

I F  Responsestart 0 THEN 
IF ErrorFLag THEN 

ERROR 255 
STOP 

LSE I T r y  again 
ErrorFtag = t r u e  
G m B  SendStar Recursive c a l l  

Clear ErrorFLag i f  second t r y  succeeds 

ErrorFLag = f a l s e  
ND I F  

RETURN 
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i o  

ZeroTransducer: 
DB = 0 
AdurpPeak = 0 
ReaddB = 0 
I 

Reset EPOCH 2002 d isp lay 
1 

GOSUB SendStar 
PRINT #6, "DISP=S1l 
GOSUB ReadResponse 
GOSUB SendStar 
PRINT #6, "RCL=l" 
GOSUB ReadResponse 
GOSUB SendStar 
PRINT #6, llDISP=Gol 
GOSUB ReadResponse 

I Set s t a r t i n g  subscript range 

Subscr ip ts tar t  = 1 
SubscriptEnd = 200 
4 

I 

I 

I 

Ua i t  until Robot i s  i n  pos i t i on  

GOSUB Hex301Read c LOOP UHXLE NOT Hex301(O) 

I 

SettleTimer! = TIMER 

Mait 1 Second f o r  robot t o  s e t t l e  ( i t  bounces a t  the end o f  motion) 
I 

UNTIL SettleTimer! + 1 < TIMER OR TIMER SettleTimer! 

I Zero Transducer 

GOSUB &change 
GOSUB GetAdunpPeak 
I f  AdurpPeak > 20 THEN 

Subscriptstart = AduapPeakPosition - 10 
I F  SubscriptStart e 1 THEU Subscriptstart = 1 
SubscriptEnd = AdunpPeakPosition + 10 
I F  SubscriptEnd > 200 THEN SubscriptEnd = 200 

Ub I F  - .  L GOSUB &calcu late 
LOOP UHILE AdunpPeak 
MSUB SendStar 
PRINT #6, "DB=?" 
GOSUB ReadResponse 
FrontdB = VAL(MIDS(ResponseStringS, INSTR(ResponseStringS, CHRS(1O) + WB=18) + 4)) 

63 OR DB > 3 OR DB < 0 

I 

L e f t  just i fy Top Surface 
I 

GOSUB SendStar 
PRINT #6, a5!ERO=?81 
GOSUB ReadResponse 
FrontZeroOffset = VAL(UIDS(ResponseStringS, INSTR(ResponseStringS, CHRS(10) + llZERO=ll) + 6)) 
Subscr ip ts tar t  = 1 
LOOPFleg = f a l s e  

SET ZERO OFFSET 

I F  LoopFlag THEN 
GOSUB SendStar 
I F  FrontZeroOffset < 100 THEN 

p " :  
sS = VERO=##.##ll F:K,: = "ZERO=### .#I1 

PRINT #6, USING St; FrontZeroOffset 
GOSUB ReadResponse 
GOSUB GetAdunpPeak 
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71 

LoopFLag = true 

FrontZeroOffset = FrontZeroOffset + AduapPeekPosition / 19 

FrontZeroOffset = FrontZeroOffset + .1 
SE ELSE 

-LOOP UHILE AdmpPeakPosition > 1 
ND SELECT 

RETURN 
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7 2  

APPENDIX B 
CELL OPERATION FLOW CHART 
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