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ABSTRACT 

Throughout the Y-12 Plant•s Product Certification Division, acquisition and 
data reporting comprises a major· problem for all departments. In the past, 
this work has been handled either by manual methods or by automation via a 
small computer. However, studies were needed that would establish the feasi
bility of using a larger computer for solving data problems on a real-time 
basis. From this study, a nondestructive test station has been successfully 
interfac:d to a CDC-3300 computer. Sufficient hard-wired circuitry was pro
vided to automate the testing sequence while the computer acquired and analyzed 
the.data and reported the results to the remote station. 

•. 
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SUMMARY 

A remote data station at the Oak Ridge Y-12 P lant,{a) where nondestructive 
tests are performed, has been interfaced to a Control Data Corporation's (CDC) 
3300 computer located in another area of the Plant. Hard-wired circuitry has 
been used to provide the control functions that are necessary to automate the 
testing sequence. The CDC-3300 provides the data-handling features only; 
serial telecommunication interfacing circuitry links the station to the computer. 
Two software packages were developed, both application and executive, to take 
the data, analyze it, and present the results at the gage. All of the objectives of 
the project have been realized, and the feasibility of a real-time analysis of 
the gage data with the CDC-3300 computer was established. Based on these 
findings, the production control computer is recommended as a strong candidate 
for solving all future data problems where feedback control and fast response 
(less than a few milliseconds) are not required. 

(a) Operated by the Union Carbide Corporation's Nuclear Division for the US 
Atomic Energy Commission. 



6 

INTRODUCTION 

Throughout the·· Y-12's Product Certification Division a major problem for all 
of the departments is data-both the acquisition of good data and the analysis 
stage of mathematical manipulation and preparation of reports to the various 
customers. The data problem is becoming more and more complex as each 
manufacturing system continues to become mor'e sophisticated. In some cases, 
digital. computation is not only an economically attractive alternate solution, 
but appears to be the only solution. New ideas and t.echn.iques are needed for 
handling data in order to keep this problem from becoming a master instead 
of a servant. 

In the past, the Y-12 Plant has handled its data problems either with manual 
methods.or by automation via a small computer. Due to its low cost and extreme 
flexibility, the small computer has· been chosen for this type of work and has 
proven its value. One disadvantage that has been encountered, however, is the 
machine language programming requirement. Software costs generally over
shadow the capital cost of the small computer. 

One means of simplifying the software problem is to use a higher-level language, 
such as Fortran. This improvement can be effectively realized only in a larger 
computer with. more memory ai")Q q more powerful c:entrnl rrr:u:essing unit. 
Y-12 has such a computer available, the production control CDC-3300 computer. 
Permission was requested and received from the Data Systems Department 
to perform an initial investigation using this facility to determine if it is 
feasible to apply the larger computer to data problems on a real-time basis. 
Therefore, in the hope of developing a new capability for handling gage data, 
a pilot project was begun which consisted of computerizing a DXT gage for the 
Physical Testing Department. 

._, 
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REMOTE TEST STATION DATA HANDLING 

TELECOMMUNICATION INTERFACE 

A prototype remote data station was developed to communicate with the pro
duction control computer. The test station chosen involved the nondestructive 
testing of a part using the DXT method. Examination of the test requirements 
revealed that Teletype speeds (110 baud) would be adequate for data transmission 
and reception, The first decision to be made concerned the interfacing technique 
to be used. Control Data Corporation offers a complete line of telecommunication 
hardware which handles serial data for remote applica-tions. Data can also be 
acquired in parallel, which is faster, but this method has the disadvantage of 
requiring more conductors in the transmission cable. Also, the vendor does not 
offer standard hardware, thereby requiring in-house development and possible 
conflicts with maintenance contracts. For these reasons, serial interfacing 
was chosen. 

ASCII, the American Standard Code for Information Interchange, was used for 
the common communication code. Numeral 5, Code 265, is shown framed in 
Figure 1 with one start and two stop bits, requiring eleven bits to be transmitted 
for each character. In order to eliminate the complex and expensive AC signaling 
techniques which utilize modems or data sets, DC signaling with relays was 
used, as suggested by Martin(b) for distances of about three miles. The gage 
located in one of the production buildings was tied to the CDC-3300 computer 
in the communication building by means of two pairs of cable borrowed from 
the transacter system and relay circuitry, as sketched in Figure 2. A detailed 
engineering drawing of the DXT gage is presented in Appendix A. 

PART INSPECTION PROCEDURE 

Determination of the density uniformity of a part requires measurements along 
a latitude and a longitude which call for movement in the_~and Z directions, 
respectively. Latitude inspections are made by holding the longitude fixed and 
varying ~ from 0 to 360 degrees in increments of 60 degrees (7 locations); 
longitude examinations require a fixed latitude and stepping in the Z direction 
from 0 to 1.200 inches in 0.200-inch steps (7 locations). At each location, five 
10-second readings (6 digits per reading) are made. The first reading is a zero 
check on the picoammeter, then four measurements of the part are made. 
Preset indexers and stepping motors position the axes of motion. 

(b) Martin, James; Telecommunications and the Computer, Chapter7; Prentice
Hall, Inc, Englewood Cliffs, N€w Jerzey (1969). 
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Figure "5" for. 8-bit telegraph machines (ASCII code} 

One I I Element -i:t----1.,.-+-•••.--, .. ----- Eight Elements-------+-

..... --------------One Character ------------1~ 

. Figure 1. BIT FORMAT FOR DATA TRANSMISSION. 

The calibration consists in reading three standards corresponding to the 
thickness of the part, with five readings·tper standard. The first step in in
specting a part is to read the initial· standard again. At the end of the test, 
another check on this same standard enables electronic drift to. be corrected. 
Since the test· procedure includes a lot of part positioning, calibration, and 
drift·· checking, automation of these functions by computer cut the inspection 
time in half (from 2 hours to l_!lour per part). 

Production Building. 

r ran;mit 
Relay 

Teletype Keyboard Driver 

Computer 
Response 

Communications Building 

1', 

Figure 2. DC SIGNALING .TE_LECOMMUNICATI0NS INTERFACE. ,, 

Transmit 
Relay 

\.! 
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SYSTEM DESCRIPTION 

The block diagram in Figure 3 shows the various instruments, elements, and 
circuits that make up the system. The source emits a collimated beam of 
radiation through the part to the detector. The EPUT meter totalizes a count 
which is a function of the beam intensity that is detected and the density of 
the part. Gage data are correlated with standard data to obtain the absolute 
thickness values for the part. Most of the electronic circuitry was used to 
automate the inspection cycle by positioning the axes, zeroing the picoammeter, 
resetting the frequency meter, transmitting gage data, and receiving the results. 
Some manual intervention was required for calibration. The Teletype keyboard 
was interfaced to permit transmission of the control characters to the CDC-
3300. All of the gage and keyboard data were printed simultaneously with the 
transmission, and a hard copy of the test results was also obtained. A typical 
printout is seen in Figure 4. 

APPLICATION PROGRAM 

A listing of the application software is given in Appendix B, and a detailed 
program flow chart is provided in Appendix C. For purposes of discussing 
the software, the abbreviated flow chart of Figure 5 can be used. 

An experienced programmer will notice that the computer program has a 
g.-eat deal of redundancy and hos not been optimized with respect to execution 
time and storage requirements. This situation came about because of the short 
development time which was allotted, and also because none of these things 
were critical for this demonstration. The objective was to keep the program 
simple and loosely knit so that changes or additions could be made easily. 
This provision turned out to be an i'mportant point in the success of the program 
development in the given time. 

In Block(D of the flow chart (Figure 5), the hi-lo test consists of determining 
whether or not at least three of the four readings being inspected lie within a 
certain small range of each other. If so, the three (or four) good readings 
are averaged and the average is used as the DXT reading for that location. 
This step helps reduce the statistical variation in the data. If one reading is 
out of the range, it is considered erroneous and is discarded; if three points 
lying in the desired small range cannot befound, then a data error is considered 
to have occurred. The remote station is signaled via the Teletype to repeat 
the particular inspection step before proceeding further. 

In Block@, the zero-set correction consists of subtracting the background 
count rate frorn ~h~ ave1·oged DX T .-eadings. 
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PART NUMBER: 1234-56-7890 

BULK DENSITY: 2.986 GM/CC 

SCAN DENSITY, GM/CC 

0.2 IN. LATITUDE 

0 DEG. LONGITUDE 

INSPECTION COMPLETED. 

2.927 
2.925 
2.956 
2.906 
2.953 
2.970 
2.906 

2.891 
2.890 
2.877 
2.921 
2.922 
2.884 
2.985 

DEVIATION, PERCENT 

2.0 
- 2.0 

1.0 
- 2.7 
- I. I 
- 0.5 
- 2.7 

- 3.2 
- 3.2 
- 3.7 
- 2.2 
- 2. I 
- 3.4 
- 0.0 

Figure 4. TYPICAL PRINTOUT OF TEST RESULTS 
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In Block@, a least-squares straight line is fitted to the averaged and zero
corrected readings from three standards of known, different DXT charac
teristics. This line then provides a means of comparing an unknown sample 
to the known standards. · 

In Block@, a simple linear drift in the readings with time (due to instrument 
drift) is considered to have occurred, or: 

R2- R1 
Drift= ___ ..;,.. 

N 

where: 

N represents the total number of latitude and longitude data points (in 
the present case, 14), 

R1 the r~ading taken on the standard immediateiy before beginning the 
latitude scan, and 

R2 the reading taken on the same standard immediately after ending the 
longitude scan. 
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Col ibr\Jiion 

Perform Hi -Lo Throw out Tests on Groups of Four 
Calibration Readings and Calculate Average Readings 

Fit a Least-Squares Calibration Line 
to the Averaged and Corrected Readings 

Pririt "CALIBRATION COMPLETED-- PROCEED" 

Receive Control from Time Shore Executive (TSX) 

Read Fixed Maximum l'~umbcr of Characters Expected from 
the Remote Station from the Disc Where Placed by the TSX 

r------...L--------, Start Inspection Sequence 
Inspect First Six Characters 

Sequence Already in Progress 

Read Program Variables from the Disc 

Throw Out Any Control or Non-Number 
Characters from the Remote Data 

Check the Remaining Digits 
Six at o Time for Magnitude Errors 

No Error 

Perform Hi-l_o Throwout Tests on Groups of Four 
Latitude Readings and Calculate Average Readings 

Print "LATITUDE SCAN COMPLETED -PROCEED" 

Store Program Variables on Disc 

Return Control to the TS X 

Figure 5. ABBREVIATED SOFTWARE FLOW CHART. 

Zero Program Disc:: StnrogP. 

Print "BEGIN CALIBRATION" 

Error 

1i 
,! 

l 
I 

:l 
Longitude Scan J 

Perform Hi-Lo Throwout Tests on Groups of Four 
Longitude Readings and Calculate Average Readings 

Print "LONGITUDE SCAN COMPLETED- WAIT" 

Apply Drift Corrections to Latitude and Longitude 
Averaged and Zero-Corrected Values 'I 

Calculate the Density Values Using Final Cor:~cted 
Values, Part Dimensions, and Calibration Li1ne 

Established in the Cal ibrat!on Step j 

Calculate Deviations from the Bulk Density 

Print Results in Report Form at Remote Statibn 
'I 

Return Control to the TS X · :I 

~ 
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Then, the ith reading in the sequence corrected for drift is: 

R. = R. + (i)X Drift;. 
ICOrr I 

This expression was used for simplicity. A more realistic scheme would con
sider a nonlinear drift and would take into account the time expended between 
the latitude and longitude scans. 

. In Block@, the density at the ith data point is calculated from: 

RHO. = (A R. + B)/t., 
I ICOrr I 

where: 

A and B represent calibration constants obtained from the least-squares 
fit in the calibration step, 

R. 
ICOrr 

t. 
I -

the corrected DXT reading at the ith point calculated previously, 
and 

the part thickness attheithpointobtainedfrom thepartdimension 
specifications. 

Deviation from the bulk density, Block@., is calculated from: 

Deviation (%) = 
(RHO. ~ Bulk Density) 
__ I;.__ ______ X 100. 

Bulk Density 

TIME-SHARE EXECUTIVE PROGRAM 

The DXT gage was connected to the computer, as indicated in Figure 6. Use 
of the Teletype interface permitted analog signals from the gage to be converted 
into digital signals, which are ·acceptable by the 321 data set adapter. The Model 
33 Teletype was used as a receive-only station. After manipulating the data 
received from the DXT gage, the results are then sent back to the Model 33 
Teletype for utilization by the gage operator. 

The logic path taken by the gage data is outlined in Figure 7. The time-share 
executive (TSX) program controlled the data transfer between the two remote 
terminals (gage and Teletype) and the application program. The functions 



Model 33 
Teletype 

Receive Only 

Model 321 
Data Set 
Adapter 

Moder 304 Communications Multiplexer 

Type 3316 Communications Controller 

CDC-3300 Computer 

Figure 6. HARDWARE CONNECTION OF THE DXT 
GAGE. 

Data Output 
to Model 33 Teletype 

-Data Paths 
--Control 

Data Input 
From DXT Gage 

Data Passing File 

Data Storage File 

Figure 7. DATA FLOW FOR THE DXT GAGE. 
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performed by the control program consisted of: (1) opening (activating) the 
two lines of a full-duplex system, (2) reading data from the DXT gage, (3) 
writing data to the Model 33 Teletype, (4) checking and recovering errors 
for the reading and/or writing of data, (5) writing the data received onto the 
data passing file, (6) reading any results from the data passing file, and (7) 
calling the application program into memory. 

Upon being called into memory, the application program: (1) retrieved any 
data on the data passing· file, (2) manipulated the data received, (3) stored onto 
the data storage file any data needed for future data manipulation, and (4) 
returned any intermediate or final results to. the control program via the data 
passing file. 

The TSX and application programs were set up in a job environment with the 
control program being permanently · resident and the application program 
coming into memory only when needed. This approach permitted other j·obs 
to be multi programmed along with the DX T gage program. 

The results of the test showed that the DXT gage could be connected to the 
CDC-3300 computer; that the TSX !Jnd application programs could communi cote 
with the DX T gage and the Model 33 Teletype; that there was only about a one 
or two-second delay between the end of the data input to the beginning of the 
results; and there was no noticeable degradation of running time when other 
jobs were submitted for multiprogramming. 

PROJECT RESULTS . 

All of the objectives were realized as ,the project was carried from inception 
to completion. In the five-week period of the project, appr:-oximately 200 man
hours of development labor were spent on the hardware and 80 manhours on the 
software. Another 24 manhours were consumed by Data System•s personnel 
in marrying the application program to the telecommunication data. The 
surprising aspect of the job was that it actually proved to be simpler than 
anticipated. The system was demonstrated to management and personnel from 
several departments. Feasibility of the real-time analysis of gag~ data with 
the CDC-3300 computer has been established. 

CONCLUSIONS AND RECOMMENDATIONS 

The present utilization of small computers throughout the Plant offers strong 
evidence that decentralization of computer power is a very real solution to 
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many equipment control and data problems. Since a small computer is approxi
mately as fast as a large one, it should be applied where fast data acquisition 
is required (ie, fast, single, nonrecurring events), where fast data analysis is 
needed (ie, computations required to make real-time on-line decisions), and 
where control functions are being performed (eg, positioning a machine tool 
in accordance with adaptive control measurements). 

Based on the findings of the project, the production control computer is recom
mended as a strong candidate for solving all future data problems where fast 
responses (less than a few milliseconds) are not required. 

Advantages for the larger computer approach versus a small one are: 

1. A more powerful central processing unit is availablefor increased efficiency 
in computations. 

2. A higher-level language (eg, Fortran) can be effectively applied to reduce 
the software effort threefold over machine language. 

3. Time-share executive (TSX) software enables a multitude of stations, such 
. as the one covered in this report, to be handled. 

4. Peripherals, such as several magnetic tape transports, disk files, line 
printers, and a card reader, are available, whereas a single station with a 
small, dedicated computer may have trouble economically justifying such 
devices. 

5. The solution to data problems described herein encourages standardization 
and interchangeability of hardware. 
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APPENDIX A 

DETAILED ENGINEERING DRAWING 
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APPENDIX B 
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FORTRAN <3.21/MASTfR 

c 
PROGRAM PQ67 

INTEGER BUFFER<A1l 
CHARACTER CnUFFERi324) 
EOUTVALENCf (8UFFER,CBUFFERl 
CHARACTER CKCH~R 

COHHON/OATA/IFHT99q(2),THICKNSS(14) 
onTA <IFMT~99=4H(01I,4H6> l 
OAT~ (THICKNSS=8C0.267875),0.313077,0.3~7666,0.492549,0.629051, 

? 0.799034,0.949976) 
INTEGER VALUEAP.R(41>,0AT<50) 
INTEGER ORF1,0PF?.,ORIFT,EOT,ZROSET,TEHP 
OI~ENSION N(4l,NAVGC20),RHQT(?O>,OEV(20> 

CKCHAR=11B 
EOT:gqqqq 
MCI\L=20 
MLAT=35 
MLONG=40 
RH01=2.q86•0.2~2731 

P.H0?=2.986•~.507~4~ 

RH0~=2.966•P..759971 

~DENS=2.986 
ISTAT=O 
BUFFER IN (6,0l(AUFFEP.C1>,BUFFERC81>l 

1)1 GO TO (01, !12, 02, 02>, UNITSTF(6) 
0? 0ECOOE(6,99,AUFFER<1l)NX 
qq FCRHAT<I&> 

IF(NX.EO.~qqg7)442,444 

444 CALL LOCATF<6,t,JH,Ol 
CALL FORTDUHP (BUFFER ( U, BUFFER<. 81), 1, 4HCBUF) 

REAOC7,500>A,B,ORF1,ISTAT 
500 FORHAT<2E1~.8,?.!6l 

RE~D<7,505><NAVG<I>,I=1,20l 
5fl5 FORHAT<20!6l 

CALL LOCATE<7,1,JH,O) 
GO TO (87~,880,Aq0),!STAT +1 

370 NCHAR=1~6 
IFMT999 = 740201318 
GO TO 875 

~1\0 NCHAR=216 
IFMT999 = 740306~1A 
GO TO 875 

~qn NCHAR=246 
IFHT999 = 74040131A 

~75 IDELETE=O 
DO 1010 !=1,324 
IF<CBUFFER<Il-CKCHARlt005,100~,1000 

1~00 IOELETE=IDELETF+1 
GO TO 1010 

1005 InEL=I-IDELETE 
CRUFFFR<TDEL>=rBUFFER<Il 

1'110 CONTINUE 
I~TART=325-IDELETE 

!F(ISTART.GT.324l1025,1015 
1015 no 1020 I=I~TART,324 
1020 C9UFFER(!l=01P 
1025 WRITE<61,1010l!OELETE 
1030 FORMAT(tX,!6) 

DECODE (NCHAR,IFHT999, BUFFER(!)) VALUEARR 



WRITEC61 7 931liSTAT,NCHAR,CKCHAR 
q31 FORMAT11X,I1 7 I6,4X,Atl 

Cllll FORTOUMP CVALUEARR ( U ,VALUEARR (41), 2,4HVA LA·) 
M=t 

5 NX=VALUEARIHHl 
IFCNX.GT.9~999l34,6 

6 IFCNX.EQ.EOTlt0,7 
7 IFCNX.EQ.9~99e>4,8 
8 OAT(Hl=NX 

H=H+1 
GO TO 5 

34 CALL LOCATEC6,1,J~,O) 
REA0(7,500lA,B,ORFt,ISTAT 
REA0(7,505)fNAVGCI>,I=1,20) 
CALL LOCATEC7,1,JH,O) 
GO TO 44 

4 CALL LOCATEC6~1,JH,~) 
WRITE(8,3l 

25 

3 FOP.MATC1H~,tH•,1H 9 29HEXITING PROGRAM- START OVER.,tH~,tH•,tHv) 
CALL LOCATEC6,1,JH,O) 
CALL LOCATEC7,1,JH,Ol 
RETURN 

442 CALL LOCATEC6,1,JH,Ol 
A=B=O. 
ORF1=ISTAT=IJ 
DO 446 JK=1,20 

446 NAVGCJK>=O 
WRITEC7,500lA,B,ORF1,ISTAT 
WRITEC7,505l CN~VGCil ,!:1,20) 
WRITE (8, 450l 

450 FORHATC1H~,tH•,1H ,18HBEGiN CALIBRATION.,tH~,tH•,tHv) 
CALL LOCATEC6,1,JH,Ol 
CALL LOCATEC7,1,JH,O> 
RETURN 

10 C~LL LOC~TEf6,1,JM,Ol 
H=H-1 
WRITEC61,932)11 

q~2 FORMATC1X,!6) 
IFCM.EQ.MCAL)1100,41 

41 !FCH.EQ.HLATl1200,43 
43 IFCM.EQ.HLONGl1300,44 
44 IFCISTAT.fO.Ol12,45 
45 IFCISfAT.EO.tl14,46 
It 6 WRITE C 8, 16) 
16 FORHATC1H~,1H•,1H ,34HOA·TA ERROR - RERUN LONGITUDE SCAN.,tH~,tH•, 

2 1Hv) 
WRITEC7,500lA,~,OR~1,!STAT 

WRITE C7, 505) (NAVG (I>, !=1, 20) 
CALL LOCATEC6,1,JM,O) 
RETURN 

1100 GO TO C100,14,46l,ISTAT+1 
1200 GO TO C12,200,46l,ISTAT+1 
1300 GO TO C12,14,300~,ISTAT+1 

1~ WRITEC8,17) 
17 FORMATC1H~,1H•,1H ,31HOATA ERROR- RERUN CALIBRATION.,1H~,1H•,tHv) 

WRITEC7,500lA,B,DRF1,ISTAT 
WRIT£<7,505) CNAVGCI> 9 1=1,20) 
CALL LOCATEC6,1,JH,0) 
CALL LOCATEC7,1,JM,Ol 
RFTURN 

14 WP.ITE ( 8,18) 
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t~ FOR~ATC1H~,tH•,tH ,33HDATA ERROR -RERUN LATITUDE SCAN.~lH~,lH•, 
?. 1Hv) 

WRITEC7,500)A,E,ORF1,ISTAT 
WPITEC7,505) CNAVGC!l,I=1,20) 
CALL LOCATEC6,1 9 JM,Ol 
CALL LOCATEC7,1,JM,O) 
RFTURN 

100 LL=1 
DO ?4 I=1,1f.,5 
DO 1q IL=1,4 
ILI=IL+I 

1q NC!Ll=OAT(!L!) 
ZPOSET=DAT <I) 
DO ?2 J=1,~ 

J1=J+1 
DO ?2 K=J1,4 
IF<N<J>.GE.NCK))22,?.7 

27 TEMP=N(J) 
N(J):N(I() 
NCKl=TEMP 

22 CONTINUE 
!F(N(1)-N(4) .LT.'50)50,52 

52 IFCtHU-N<3>.LT.50)60,5"3 
53 IFCN(2)-N(4).LT.50)70,54 
54 W~ITEC8,~6l 
?.6 FOPMATC1H~,1H•,1H 55HTOO MUCH VARIATION IN COUNT VALUES- RERUN CA 

?LIAPATION.,1H-,1H•,tHv) 
CALL LOCATEC6,1,JM,Ol 
CALL LOCATF<7,1,JM,O> 
RETURN 

50 NAVr.<LLl=(NC1)+N(2)+NC3l+NC4))/4-ZROSET 
GO TO 75 

60 NAVG(LL>=<N<1>+N<2>+N(3))/3-ZROSET 
GO TO 75 

70 NAVGCLLl=<N<2l+NC3)+NC4))/3-ZROSET 
75 LL=LL+1 
24 CONTINUE· 

OP.F1=NAVG (4) 

A 11=3. 0 
A 12=F LOA T < Nl! VG r U +N AVG ( 2) +NA.VG C 3) ) 
A21=A12 
A2?=FLOAT<NAVGC1ll•FLOAT<NAVG(1))+FLOAT<NAVG<2>>•FLOATCNAVG(2)) 

2 +FLOAT(NAVG<~>>•FLOATCNAVGC3)) 
B1=RH01+RHO?+RH01 
82=PHOt•FLOa.TCNAVG<1>l+RH02•FLOATCNAVG<2)l+RH03•FlOATCNAVG(3)) 
8=CR.1•A22-B2•At2)/(A11•A22~A2t•At2l 
A=<A11•82-A?.t•Pt)/(A11•A22-A21•A1?.> 
Ic:iTAT=1 
WRITEC8,1U 

11 FORMAT(1H~,1H•,1H ,32HCAli8PATION COMPLETED- PROCEE0.,1H~,1H•, 
2 1Hv) 
W~ITEC61,500)A,8,D~Ft,ISTAT 
WP.ITEC7,500lA,P.,nRF1,ISTAT 
WQITEC7,505l <NAVG<I> ,!=1,20) 
CAll lOCATE<6,1,JM,O) 
CALL lOCATE<7,1,JM,Ol 
RETURN 

2rJO lL=1 
DO 124 I=t,:H,5 
DO 11C3 IL=1,4 
ILI:Il+I 



11q NCIL>=OATCILil 
Z~OSET=OAT <I) 
DO 122 J=1,3 
J1=J+1 
00 122 K=J1,4 
IFCNCJl.GE~NCKll122,127 

1 27 T F, HP= N ( J ) 
NCJl=NCK) 
NfKl=TEHP 

122 CONTINUE 
IF(N(1)-N(4l.LT.50)150,152 

1~2 IFCNC1l-NC3l.LT.50l160,153 
153 IFfN(~l-NC4l.LT.50)170,154 
154 WRITEC8,12fl 

27 

126 FORHATC1H~,1H+,1H ,57HTOO "UCH VARIATION IN COUNT VALUES- RERUN L 
2ATITUDE SCAN.,1H~,1H~,tHv) 

CALL LOCATEC6,1,JM,O). 
CALL LOCATEf7,1,JH,Ol 
RF:TURN 

150 NAVGCLL>=CNC1l+NC2l+NC3l+NC4ll14-ZROSET 
GO TO 175 

toO NAVGCLLl=CN(1)+N(?l+NC3ll/3-ZROSET 
GO TO 175 

170 NAVGCLLI=(NC?.)+N(~)+N(4lli3-ZROSET 
175 LL=LL+1 
124 CONTINUE 

WRITEC8,111l 
111 FORMATC1H"",tH+,1H ,34HLATITUnE SCAN COMPLETED - PROCEE0.,1H"",1H•·, 

? 1Hv) 
ISTAT=2 
WPITEC7,500lA,E,ORF1,ISTAT 
WPITEC7,505l CNJIVf;(!) ,!=1,20> 
CALL LOCATEt6,t,JH,Q) 
CALL LOC~TEC7,1,JM,Ol 
PETURN 

300 LL=,_ 
00 ?24 I=t,:%,5 
no ?tq TL=t,4 
ILI=IL+I 

?.19 NC!Ll=OATCILil 
ZRO~ET=DAT(!l 

DO ?22 J=1,~ 
Jt=J+l 
DO 222 K=J1,4 
IF(N(Jl.GE.NCKl>222,227 

227 TEMP=NCJl 
N(J):N(K) 
NCKl=TEMP 

?2? CONTINUE 
IFCNC11-NC4l.LT.50l250,252 

?52 IFCtHU-NC31 .LT.50l?60,253 
253 IFCNC?I-NC41 .LT.50)?.70,254 
:;>? '• WR IT E ( 8 , ? 2 6) 
226 FO~MATC1H~,1H•,1H ,58HTOO MUCH VARIATION IN COUNT VALUES - RERUN L 

?ONGITUO~ SCAN •• 1H~,tH•,tHv) 
WRITEC7,5001A,P.,D~Ft,ISTAT 

WRITEC7,505l CNAVGCIGl,IG=1,20) 
CALL LOCATFCn,t,J~,O) 

CALL LOCATEC7,1,JH,Ol 
RETURN 

?SO NAVGCLLl=CNftl+NC2l+NC~l+NC4ll/4-ZROSET 
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GO TO 275 
260 NAVG(Lll=<N<tl+N(2l+N(3)l/3-ZROSET 

r.o TO 275 
270 NAVG(Lll=(N(2l+N(3l+N(~))/3-ZROSET 
275 LL=LL+l 
22~ CONTINUE 

WRITE(8,21tl 
211 FORMAT(1H~,1H•,1H ,32HLONGITUOE SCAN COMPLETED - WAIT.,1H~,1H•l 

Li=LL-1 
OQF2=NAVGCL1l 
DRIFT=<DRF2-0RF1l/1~ 

00 ~20 I=t,Lt 
320 NAVGCil=NAVGCil-I•ORIFT 

DO 325 I=1,L1 
RHOT < Il =<A•FLOAHNAVG (l) l+Bl ITHICKNSS CI) 

325 DEV<I>=<<RHOT<I>-BOENS)/BOENSl•tOO.O 
WRITEC8,330) 

330 FORMATC3H•••,1H ,25HPART NUHRERI 123~-56-7!90,1H~,2H••> 

W~ITE < 8, 331l 
331 FORHATC1H ,25HBULK DENSITYI 2.q86 GH/CC,1H~,2H•~> 

WRITE (8,332) 
332 FORHAT(5H ,~HSCAN,8H ,1~HOENSITY, GH/CC,.3H 

2 18HOEVIATION, PERCENT,1H~,2H••> 
WRITE (8, 333) 

333 FORHATC1H ,16H0.2 IN. LATITUOE,1H~,tH•l 
W R IT E ( 8 , 3 3 5) ( R HOT ( U , 0 E V < ll , I= 1 , 7) 

335 FORHAT(20H ,F6.3,1~H ,F5.1,1H~, 

2 tH•> 
WRITE<8,3~0l 

3~0 FORHAT(1H•,1H t16HO OEG. LONGITUOE,1H-,1H•l 
WRITE<8,335) <RHOT<I>,OEVUl,I=8,14) 
WRITEC8,350) 

350 FO~MATC4H•••+,1H ,21HINSPECTION COHPLETED.,m~,1H+,1Hv) 
RETURN 
END 
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APPENDIX C 

DETAILED PROGRAM FLOW CHART 
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Receive Control from Time-Share Executive Program (TSX) 

Declarative and Data lnitializa:ion Statements . 

CKCHAR=11B 
EOT = 99999 

MCAL = 20 
MLAT = 35 

MLONG = 40 · 
RH01 = 2.986 * 0.~52731 
RH02 = 2.986 * 0 . .507240 
RH03 = 2.986 * 0.:>59971 

BDENS = 2.986 
ISTAT=O 

BUFFER IN 324 Characters from Disc File 6 
to Integer Array BU F FER(81) 

{

BUFFER, CBUFFER Arrays Equivalenced 
Part Thickness Data Entered 
Variable Format Data Entered 

Progrcm Statement 
Numbers , No (buffer operation not completed) 

2 

DECODE Fir~t BUFFER Elemer~t and Assign 
to Variable NX 

Yes (sigl"!al for start of inspection sequence) 

444 

Reset Pointer for Disc File 6 

Read A, B, DRF1, ISTAT, NAVG from Disc File 7 

Reset Pointer for File 7 · 

I DELETE= 0 

DO Loop I = 1, 324 

':'es 

1015 

DO Loop I = ISTAtT, 324 

CBUFFER(I) = 01 B 

DECODE First NCHAR Characters of BUFFER Arr:Jy 
and Assign to Integer Arra: VALUEARR(41) 

442 

Set Painter for Disc File 6 

A=B=O 
DRF1 = ISTAT = 0 

(NAVG(I), I= 1, 20) = 0 

Write A, B, DRF1, ISTAT, NAVG on Disc File 7 

1000 

I DELETE= I DELETE+ 1 

-...========-~ 

Write "BEGIN CAUBRATION" 
an Disc File 6 

Reset Pointers for Files 6 and 7 

Rerum Control to TS X 



I 

I M = 1 I 
5 t -

-+1 NX = VALUEAP.R(M) I 
" Yes (magnitude error indicated) 

NX > 99999? 

No 
34 ' I Reset Pointer for File 6 I 

6 
NX = EOT? 

Yes 

' I Reed A, B, DRF1, ISTAT, NAVG from File 7 j 
No t 

I Reset Pointer for File 7 I 7 Yes 
NX = 99998? 

8 No 

I DAT(M)_ = NX I 
t 

~ M = fv\.+ 1 I 
~ ~ 

4 

I Reset Pointer for File 6 I 
3 • 

\Write "EXITING PROGRAM- START OVER" j 
• on Disc File 6 

10 t 
Reset Pointer for Fil~ 6 I I Reset Pointers for Fi I es 6 ond 7 I 

' t 
M = M -1 ~~- C-~~ .Return ContraLto ·TS X --- --~ - ------- ~-,---- -·- - -- -<.::=-__ , ---~ 

. ~~-

1100 
Yes 

I Computed GO TO on 1ST AT L 
ISTAT=O 

M = MCAL? 

No ISTAT = 2 ISTAT = 1 

41 
1200 

Yes ISTAT = 1 
M = MLAT? Computed GO TO 

IISTAT=2 ISTAT=O 
No 

1300 
43 Yes 

M = MLONG? 
111 111 

Computed GO TO -~ 

ISTAT=1 ISTAT=O ISTAT=2 

44 Yes 
IS TAT= 0? 

45 Yes 
ISTAT=1? -

46 No t 
\Write "DATA ERROR- RER.UN LONGITUDE SCAN"/ 

on Disc File 6 

" I Write A, B, DRF1, ISTAT, NAVG on File 7 I ,_ 
Re_set Pointers for Files 6 ond 7 I 

t 
Return Control to TSX I 

14 t t 
\Write "DATA ERROR- RERUN LATITUDE SCAN" I 

on File 6 
\Write "DATA ERROR- RERUN CALIBRATION"/ 

onFile6 

t ' I Write A, B, DRF1, ISTAT, NAVG on File 7 I I Write .A, B, DRF1, ISTAT, NAVG on File 7 I 

" • I Reset Pointers for Fi I es 6 ond 7 I I Reset Pointers for Files 6 ond 7 I 
t t 

( Return Control to TS X ) ( Return Control to TSX ) 

.., 

1 
I ' I ' • i"'t . 



100 

Yes 

50 

No 

Write "TOO MUCH VARIATIO:"J IN COUNT 
VALUES- RERUN CALIBRATION" on File 6 

Reset Pointers for Fi I es & ond 7 

Return Control to T~ X 

NAVG(LL) = (N(l) + N(2) + N(3))/4- ZROSET 

NAVG(LL) = (N(2) + N(3) + N(4))/4- ZROSET 

75 
LL = LL + 1 

24 

DRFl = NAVG(4) 

All= 3.0 

Al2 = FLOAT(NAVG(l) + NAVG(2) + NAVG(3)) 

A21 = Al2 

A22 = FLOAT(NAVG(l)) * FLOAT(NAVG(l)) 
+ FLOAT(NAVG(2)) * FLOAT(NAVG(2)) 
+ FLOAT(NAVG(3)) * FLOAT(NAVG(3)) 

81 = RHOl + RH02 + RH03 

82 = RHOl • FLOAT(NAVG(l)) 
+ RH02 • FLOAT(NAVG(2)) 
+ RH03 • FLOAT(NAVG(3)) 

A= (All * 82 - A21 • 81)/(All * A22 - A21 * ,-,12) 

Write."CALI8RATION COMPLETED- PROCEED" 
on File 6 

Write A, 8, DRFl, ISTAT, NAVG on File 7 

Reset Pointers on Files 6 and 7 

Return Control to TS X w w 



' ., 

200 

DO Loop IL = 1,4 

ILI=IL+I 

N(IL) = DAT(ILI) 

ZROSET = DAT(I) 

DO Loop K =·J1,4 

Yes 

122 

150 

NAVG(LL) = (N(l) + N(2) + N(3) + N(4))/4 - AROSET 

No 

Write "TOO MUCH VARIATION IN COUNT 
VALUES- RERUN LATITUDE SCAN" on File 6 

Return Control to TS X 

NAVG(LL) = (N(l) + N(2) +·N(3))/3- ZROSET 

NAVG(LL) = (N(2) + N(3) + N(4))/3 - ZROSET 

I ., 

175 
LL = LL + 1 

124 
Continue 

111 

Write "LATITUDE SCAN COMPLETED -PROCEED" 
on File 6 

ISTAT = 2 

Write A, B, DRFl, ISTAT, NAVG on File 6 

Reset Pointers on Files 6 and 7 

Return Control to TS X 

' ' 



r • < I 

300 

DO Loop I L = 1 , 4 

ILI=IL+I 

DO Loop J = 1, 3 

Yes 

Temp = N(J) 

N(J) = N(K) 

222 

250 

NAVG(LL) = (N(1) + N(2) + N(3) + N(4)) /4- ZROSET 

NAVG(LL) = (N(1) + N(2) + N(3))/3- ZROSET 

NAVG(LL) =(N(2) + N(3) + N(4))/3- ZROSET 

275 
LL = Ll + _1. 

~-----------------•---~------------•------------~--------------~----t~~----=--~--~F-~~==~~-~-~----~--~~----~~----224 

254 

Write "TOO MUCH VARIATION IN COUNT 
VALUES -RERUN LONGITUDE SCAN" on File 6 

Write A, B, DRF1, ISTAT, NAVG on File 7 

Reset Pointers on Files 6 and 7 

Return Control to TS X 

Continue 

Write "LONGITUDE SCA1'\l COMPLETED- WAIT" 
on File 6 

LL = LL - 1 

DRF2 = NAVG(Ll) 

DRIFT= (DRF2- DRF1)/14 

DO Loop I = 1, L1 

- .. - -··~ -,....---:..-. ~-

. ·~ . 
•. j .• 

RHOT(I) = (A* FLOAT(NAVG(I)) + B)/THICKNSS(I) 

DEV(I) = (RHOT(I) - BDENS)/BDENS) * 100.0 

Print Processed Data in Final Report Form 
onto Disc File 6 · 

Return Control to TS X 




