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ABSTRACT 

An APT postprocessor has been written that is suitable for producing control tape 
for a continuous-path, numerically controlled inspection. machine. In addition, 
geometric construction routines have been written that relate to APT 1s TABCYL 
surfaces. 
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SUMMARY 

An APT postprocessor hasbeenwrittenthatissuitable for producing control tape 
for a continuous-path, numerically controlled inspection machine. In addition, 
geometric construction routines have been written th(lt relate to APT 1s TABCYL 
surfaces. 
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INTRODUCTION 

At "present there exists no APT postprocessor for use with continuous-path, 
nume.rically controlled inspection machines of the R-a type. This lack constitutes 

. a .. severe·: limitation,. particularly when machines with two heads are under 
consideration. Such machines have two characteristics that make programming 
inconsistent with existing APT processors: 

1. Two heads must be controlled simultaneously with synchronization required 
in the a coordinate. 

2. "Linear" interpolation of the control unit will create an Archimedes spiral 
path when applied to R-a coordinates. In other words, when the machine 
moves, it follows a spiral path rather than a straight line. 

The postprocessor described in this rep~rt presents a preliminary technique 
for R-a interpolation sufficiently general to take advantage of virtually all 
capabilities that might be sought in inspection machines of this type. In addition, 
it will provide a resolution approximately ten times that presently available 
in the APT system. However, it is recognized that this postprocessor has a 
number of shortcomings, most notably the following: 

1. Conics must be converted to fABCYLS. 

2. No provision is made for minimizing the number of interpolations. 

3. The transition from one type of contour to another is not conveniently 
handled. 

On-going efforts are directed toward writing a more elegant system. 

Several assumptionsweremadewhicharebasictothis report and to the computer 
system it describes: 

1. The piecewise normalized cubic spline system of. curve fitting is used to 
define the path between the given points. This system is available in the 
APT system and is described in an earlier report.(a) 

{a) Fowler, A. H. and Wilson, C. W.; Cubic Spline, A Curve Fitting Rou.tine, 
Y-1400 (Rev 1 ); Union Carbide Corporation-Nuclear. Division, Oak Ridge 
Y-12 Plant, Oak Ridge, Tennessee; June 28, 1966. 
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2. The radius and the normal to the path must be given for both the inside 
and outs ide contours for every va I ue of the 9 coordinate. 

3. The data are defined in the normal right-handed coordinate system. 
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PREPARATION OF THE CONTROL TAPE 

GEOMETRIC CONSTRUCTION CONCERNING THE CUBIC SPLINE 

Various geometric intersections and tangents relating the gaging ball, the radial 
line, and a contour defined by piecewise cubic polynominal functions (TABCYL) 
are required. These construction routines are currently available in the APT 
system. However, in a number ·of cases the accuracy limit of the system has 
been approached. Therefore, these routines were rewritten to provide greater 
accuracy and a more efficient system. The first approach taken was analytically 
to solve a set of simultaneous equations describing the particular point desired. 
However, it became apparent that the resulting equations were quite unwieldy 
and unpredictable. ~or example, the proble":"J of locating the center of a circle 
of given radius on a given line tangent to a given curve defined by piecewise 
cubic functions reduces to the solution of at least one equation of the tenth 
degree. The large number of arithmetic calculations required to solve these 
equations could introduce enough computer round-off error to reduce the 
accuracy of the result to, at most, six usable digits. Therefore, this approach 
was discontinued. The second approach was to write iterative routines to do 
the required geometric construction. The intent was to make them as accurate, 
efficient, and short as possible. There are no· 11 epsilons" in the programs which 
restrict the limit of convergence; that is, the iterative process will automatically 
continue until the accuracy limit of the computer is reached. The programs were 
written in a form compatible with the APT system as it existed in 1966 so that 
they could replace the existing programs. 

The construction routines consist of the following programs: 

1. CUBICR, which finds the smallest root of a cubic, if any, in a given interval. 

2. TABPNT, which finds the intersection of a line and a cubic spline contour. 

3. TABLIN, which finds a line through a point tangent (perpendicular) to a cubic 
spline contour. 

4. TABCIR, which finds the center of a circle of a given radius tangent to a 
cubic spline contour. The center may be located on a given line, or the 
circle may be tangent to the given line. 

The TABLIN program is complicated by the fact that frequently more than one 
tongent (perpendicular) may exist which satisfy the criteria. This problem is 
illustrated in Figures 1 and 2. Routines CUBICR, TABPNT, and TABCIR are 
listed in Appendix A as part of the ROCOGA system; TABLIN is listed in 
Appendix B. 
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Interval. ----1 
(a) No Inflection Within the Interval 

(b) Inflection Within the Interval 

Figure 1. TABLIN PROGRAM PROBLEM. (Shown within the regions are 
the number of lines which can be drawn through a point anywhere within 
that region and tangent loa cubic within a given interval. Region bounda
ries are the cubic and the tangents to the cubic at the end points and· in-
flection point.) · 

INTERPOLATION 

The spiral path that the gage ball follows will not usually coincide with the fitted 
cubic spline curve. For example~ as the gage-ball center moves from Point PCl 
to Point PC2 (Figure 3), it traces a spiral path. This spiral differs from the 
fitted cubic defining the contour in that area, thus introducing an error in the 
gaging data which does not relate to the accuracy of the part being inspected. 
It is necessary, therefore, to determine this gaging error and to insert suf
ficient additional points on the contour to reduce it to some given value. Since 
two points uniquely determine a spiral, it is possible to calculate the gaging error 
at various intermediate values of the theta coordinate. 

The procedure used first adds a point in the center of the interval and then 
selectively bisects the interval into smaller intervals by adding new points in 
each of the two adjacent subintervals. The addition of points continues until 
the difference between the cubic and· spiral path at each intermediate point is 

.•. 



(a) No Inflection Within the Interval 

(b) Inflection Within the Interval 

Figure 2. TABLIN PROGRAM PROBLEM. (Showmwithin regions are the 
number of lines which can be drawn through a point.·anywhere within that 
region and perpendicular to a cubic within a given interval. Region 
boundaries are the evolute of the cubic and perpendiculars at the end points.) 
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less than a specified tolerance or until 31 points have been added. The latter 
limit of iteration may be reached if the input data points are chosen poorly. 

IMPLEMENTATION 

.Any implementation of ROCOGAwill call forodditional software since the existing 
APT system was not designed to handle it.Additional sections have been designed 
consisting of an APT program with system macros and an interface. 

The APT program will provide information on a cvtter location file for the post
processor to use in producing an inspection tape for· parts with radial or near-
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"oetail A. 

Figure 3 •. GAGING ERROR RESULTING FROM THE MACHINE MOVING IN 
A SPIRAL PATH. 

radial configurations, Figure 4, such as the HUBCAP described by A. H. Fowler 
and C. W. Wilson (11An Extension of APT toObtain Centroid ·and Inertia Infor
mation .. , Y-1420, Revisi"on 1; Union Carbide Corporation-Nuclear Division, Oak 
Ridge Y-12 Plant; February 14;. 1966). The curve type c·an vary·ariy number· of 
times on the same part and need not be the same for the inner and outer con
tours~ The point of origin may be offset if desired. The direction ofinspection 
is ·option.al. A new 11CALL 11 statement is required every time either contour 

... 
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y 
Dim 

Origin 

Dim 6 

Figure 4. TYPICAL NEAR RADIAL PART. 

changes type. The data used by the system are detailed in Appendix C along 
with general flowcharts of the APT program and system macro which processes 
it. Appendix D presents examples of preprinted data forms designed to ease the 
task of entering data. Appendix E describes the system macro. 
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EXAMPLE 

.PROGRAM LIST 

fAPENU RUCOGA EXAMPLE WRH 9212 
CHAf<GE#7350 

MACHIN/SHEFLO.INSP.ROCOGA 
OPTION/30 •. 3 

RA01 
OIM1 
DIM? 
CIM3 
RA02 
~AD3 

fcAD4 
RAD'> 
RAOb 
RA07 
DIM4 
OlM5 
OIM6 
DIM7 
ORIG 
X 
v 
SURF A 

SECN0/1.1NCR,1 
MUL TAX 
CUTTER/.15t.25 
SPINDL/1.0 
FE DRAT /6.0 
LINTOL/1 
CLPRNT 
WPOIPOINT/0,0 
't'IFI.1 
XIF#.l 
MI#MATRIX/TRANSL.XIF.VIF.O 
REFSVS/,_1 

#4 
IH 
#. 5 
#.25 
M"t.5 
115 
#.5 

#.25 
#.5 
#4 
#1 
#b 
#1 
#POINT/UoOoO 
#LINE/ORIG.ATANGL.O 
#LINE/ORIG.ATANGL.90 
#ElliPS/CENTER,(POINT/OIMl.O.OJ,RA01,S 

DIM4.90 
SURfB #LINE/PARLEloX.YLARGE.RA01 
SUF<FC MLINE/PAr.LEL.Y.XLARGE.DlM3 
SllF<I- D 
SURfE 
SURFF 
PT9 
SURfG 
SURFH 

SURF I 
SURfJ 
SURFK 
SURfl 

#LINE/PAfcLEloXoVLARGE.RAD2 
11LINE/PARLEL.Y.XLARGE,DIM2 
#LlNE/PARLEL.X,YlARGE.RAD3 
IIPOlNT/tOIM1+DlM51.RAD5 
#CIRCLE/CENTER.PT9.RADIUS.RA04 
#CifcCLE/CENTER,tPOlNT/CIM1.0I.CS 

POINT/IDIM1+0IM5t.lfcAD5-HA04ll 
#LINE/PARLEL.Y.XLARGE.IDIMl+DIMbl 
#LINE/PARLEL.X.YLARGE.RA06 
#llNE/PA~ltloSURFl.XSMAll•DlM7 
#llNE/tPClNT/IDIM1+01Moi.S 

RAD7 I .R (l;HT. TANTO.SURFH 
OBTAIN. Ell IPS IS UR fA • I A • I R, , I D. • , S 
JH.JP,JO. 

ICCN 110 ADRlC/CANON·lA.JB,O.IO.O.O.JH.lf>._IC.O 
WPTIO#POINT/RTHETAtXYPLAN,5.1.0 
wPT12#POlNT/RTHETA.XYPLAN.5.077777.2 
wPTI4#POINT/RTHETA.XYPLAN.5.055555."t 
wPTI6#POINT/WTHEJA,XY~LAN.5.Ujj~~~.b 

WPTI8#POINT/RTHETA.XYPLAN,~.Ollll1o8 
WPTI10#POINT/RfHETA.XYPLAN.4.988888.10 
wPTI12#POINT/RTHETA.XYPLANr4o966666.12 
wPTI1411POINT/RTHETAtXYPLAN,4o9444,4.14 

15 

0102 
0104 
0106 
0108 
0110 
0112 
0114 
0116 
0118 
0120 
0122 
0124 
0202 
0204 
0206 
0208 
0210 
0212 
0214 
021b 
0218 
0220 
0302 
0304 
0306 
0308 
0310 
0312 
0314 
0316 
0318 
0320 
0322 
0902 
0904 
0906 
0908 
0910 
0912 
09l<t 
0916 
0918 
0920 
0922 
0924 
1002 
1004 
1006 
1006 
1010 
1012 
1014 
0404 
0406 
0408 
OHO 
0412 
0414 
0416 
0418 
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IC 

WPTl16#POlNT/RTHETAoXYPLAN,4.922222o16 
WPTl18#POINT/RTHETA,XYPLAN,4.899999o18 
WPTI20#POINT/RTHETA,XYPLANo4.877777o20 
WPTI22#POINT/RTHETAoXYPLANo4e855555o22 
WPTI24#POINT/RTHETAoXYPlANo4e833333o24 
WPTl26#POINT/RTHETAoXYPlANo4e811111o26 
WPTI28MPOINT/RTHETAoXYPlANo4e788888o28 
WPTI30#POINT/RTHETAoXYPLAN.4.766066o30 
WPTI32#POINT/RTHETAoXYPLANo4.744444o32 
WPTI34#POINT/RTHETA.XYPLANo4e722222o34 
WPTI36#POINT/RTHETAoXYPlANo4.6~9999o3o 
WPTI38#POINT/RTHETAoXYPLAN.4.677777o38 
WPTI40#POINT/RTHETAoXYPLANo4e655555o40 
~PTI42#POINT/RTHETAoXYPlAN.4.633333o42 
WPTI44#POINT/RTHETAoXYPLANo4e611111o44 
WPTI46#POINT/RTHETAoXYPlAN.4.588888,46 
WPTI48#POINT/RTHETAoXYPLAN.4.566666o48 
WPTI50#POINT/RTHETA.XYPLAN.4.544444o50 
WPTI52MPOINT/RTHETA.XYPLAN.4.522222o52 
WPTI54MPOINT/RTHETAoXYPlAN.4.499999o54 
WPTI56MPOINT/RTHETA,XYPLANo4.477777o56· 
wPTI58#POINT/RTHETAoXYPLANo4o455555o58 
WPTI60#POINT/RTHETAoXYPLANo4o433333o60 
WPTI62#POINT/RTHETAoXYPLANo4.411lllo62 
WPTI64#POINT/RTHETA.XYPlANo4.388888o64 
WPTI66#POINT/RTHETAoXYPLANo4o366666o66 
WPTI68#POINT/RTHETA.XYPLANo4.344444o68 
wPTI70#POINT/RTHETAoXYPLAN.4.322222o70 
WPTI72#POINT/RTHETAoXYPLAN.4.299999o72 
wPTI74#POlNT/RTHETAoXYPLAN.4.277777,74 
WPTl76#POINT/RTHETAoXYPLAN.4.255555,76 
WPTI78#POINT/RTHtTAoXYPLAN.4.233333o78 
WPTI80#POlNT/RTHETAoXYPLAN.4.211111o80 
WPTl82#POINT/RTHETAoXYPLAN,4.188&88o82 
WPTI84#~01NT/RTHETA,XYPLAN.4.l66666o84 

wPTI8b#POlNT/RTHETA.XYPLANo4ol44444o86 
WPTI88#POINT/RTHETAoXYPLANo4.122222o88 
WPTl90#POINT/RTHETAoXYPlANo4o1o90 
REFSYS/NOMORE 

#TA8CYl/NOZoSPliNEo$ 
WPTl0oWPTI2oWPTI4oWPTl6.WPTl8oWPTl10o$ 
WPTI12oWPTI14oWPTI16oWPTl18,WPTI20,WPTI22,$ 
WPTI24oWPTl26oWPT128oWPTlJOoWPTi32oWPTl34o$ 
WPTl36.WPT138oWPTl40oWPTI42,WPTI44oWPTI46,$ 
WPTI48oWPT150oWPTl52.WPTI54oWPTI56oWPTI58o$ 
WPTI60oWPTl62oWPTI64,WPTI66oWPTI68oWPT170o$ 
wPT172.WPTI74oWPTI76oWPTI78oWPTI80oWPTI82o$ 
WPTI84oWPTI86oWPTI88oWPTI90 
NSPECT/ON 
CALL/NSPROC.WCIN#ICCN.WCOUT#$ 
SURFL.wSTA#20oWENA#40.wDELA#$ 
10oWNSPO#NSPLN,WNSPI#NSPCN 
CYClE/SwEEP.1.0 
CALL/NSPROC,WCIN#ICoWCOUT#SURFHo$ 
WSTA#50oWENA#60oWDElAt10o$ 
wNSPO#NSPCR ,WNSPI#NSPTRI 
CYCLE/OFF 

0420 
0422 
0424 
0502 
0504 
0506 
0508 
0510 
0512 
0514 

. 0516 
0518 
0520 
0522 
0524 
0602 
0604 
0606 
0608 
0610 
0612 
0614 
0616 
0618 
0620 
0622 
0624 
0702 
0704 
0706 
0708 
0710 
0712 
0-714 
0716 
0718 
0720 
0722 

0801 
0803 
0805 
0807 
0809 
0811 
0813 
0815· 
0817 
1102 
1104 
1106 
1108 
1110 
1112 
1114 
1116 
1118 



~OCOGA EXAMPLF WRH 9212 CARD NO. 0102 TAPE NO. 2 Vl 
rn. 

MACH I N/SHEFLO INSP o.o CARD NO. 0106 TAP F. NO. 4 () 
-i 

CARD NO. 0108 TAPE NO. 6 0 
OPT IONi 30.0000 3.0000 z 

w 
CARD NO. 0110 TAPE NO. 8 r 

SEQNO,' 1.0000 INCR 1.0000 Vl 
-i 

fiUlTU/ CARD NO. 0112 TAPE NO. 10 

CUTTER/ 0.15&2 
CARD NO. 0114 TAPE NO. 12 

CARD NO. 0116 UPE NOo 14 
SPINOL.' 1.0000 

CARD NO. 1)118 TAPE NO. 16 
FE ORA T.' 6.0000 

CARD NO. !)120 TAPE NO. 18 
LINTOU 1.0000 

CARD NO. 1102 UPE NO. 20 
NSPECTi ON 

CALL CAilD NO. 1104 TAPE NO. 21 
CALL CARD NO. 00001270 TAPE NO. 22 
CALL CARD NOo 00001290 -TAPE NO. 23 

OS IS CARD N0.00001310 TlPE NO. 25 
X y l I J K 

20.000000 5.057893 30. 9B751 6.662449 26.565050 o. 
CALL CARD IIIJo 00001270 TAPE NJ. 26 
CALL CARD NO. 00001290 TAPE NO. 27 

OS IS CARD NOo00001310 TAPE NO. 29 
X y l I J K 

30.000000 ·4.975695 47.328234 bo630673 26.565050 o. 
CALL CARD NJ. 00001270 TAPE Nl. 30 
CALL CARD Nllo 00001290 TAPE NO. 31 

OS IS :ARO NO.OOQ01310 TAPE NO. 33 
X y l I J K 

40.000000 4. 85t:cno 62.507087 o.B04984 26.565050 o. 
""-..! 



:ARD NOo 111 o TAPE NO. 35 
CYCLE/ SWEEP 1.0000 

(X) 

CAll CARD NO. 1112 TAPE NO. 36 
·CAll CARD NO. 00001270~TAPE NO •. 31 

CALL CARD NO. 00001290 TAPE NO. 38 

OS IS CARD NO. 00001310 TAPE NO. 40 
X Y. z ' J K 

50.000000 4.683583 58.131962 6. 319386 58.003815 o. 
CALL CARD NJ. 00001270 TAPE NO •. 4l 
CAll CARD NO., 00001290 TAPE. NO! 42 ' .. 

OS IS CARD N0.00001310 TAPE NQ. 44 
X y l I J K 

60.000000 4.564522 68.653951 6.153419 69.292052 o. 

C~RD NO. 1118 TAPE NO. 46 
CYCLE/ OFF 

FIN I CARD NO. 1122 TAPE NOo 48 

., 
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ROCOGA OUTPUT 

ROCOGA EXAMPLE WRH 9212 
SEQ THETA R I II WALL RIO I X u TILT TABLE 

20.0000 5.056529 1.606436 6.662964 
1 25.0000 5.029948 1.591311 6.621259 0.026580 0.015125 bo 1. 
1 30.0000 4.972308 1.658506 6.630814 0.057640 o. 06 7195 6. 1. 
2 35.0000 4.927413 1.764581 6. 691994 0.044895 0.106)75 6. 1. 
2 40.0000 4.850768 1.956196 6.806964 0.076645 0.191615 &. 1 •. 
3 45.0000 4. 741353 1.931206 6.672559 0.109415 0.024990 6o 1. 
3 50.0000 4.682773 1.637516 6. 320289 0.058580 0 •. 293690 b. 1. 

SWEEP 1. 
4 55.0000 4ob237!18 1ob16156 6. 239944 o. 058985 o. 021360 bo 1. 
4 60.0000 4.563623 1.590821 6.154444 0.060165 0.025335 b. 1o 

SWEEP 1. 
SWEEP 1. 

NO Of LOWEST LEVEL SECTIONS REQUIRING fURTHER DIVISION WAS 0 
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TAPE LIST 

N001k-00265SOU-001~125C01SOOOS4Ml$ 
X-0057640U0067195C01SOOO . 
N002X~0044S95U0106075C01SOOO 
X-0076645U0191615C018000 
N003X-0109415U-0024990COiBOOO 
X-005S5SOU-0293690C01SOCO· 
SOMIS 
N004X-005S9S5U-0021360COlSOOOS4MlS 
X-0060165U-0025335C01SOOO 
SOMIS 
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APPENDIX A 

ROCOGA LISTS 

*LABEL 
CADDPT ROUTINE FOR ROCOGA TO CALCULATE LOCATION OF AND ERROR AT A POINT 

SUBROUTINE ADOPT IIBX,IFAC,IOK,IAtAtiD,O,EPS,RADGAGI 
EQUIVALENCE CSYSTEMC17001,KOM 117001,KFLAGSI16921,TAPETBI162211 
EQUIVALENCE ( TAPETBI181 ,PROTAP(l81 ,CANTAP(l7) ,CLTAPEClbl, 

1 POCTAPC151,f>LOTAPC141,SRFTAP(l3),LIBTAPI121,CR.DTAPI1U, 
2 CORTAP( 91~ 
3 TAPESU 81,TAPES21 71,TAPES31 6I,TAPES4( 51, 
4 F 0 R T I N I 4 I ,I NT A P E ( 3 I .I OUT A P ( 2 I , PUNT AP ( U I 

DIMENSION SYSTEMI17391 
COMMON SYSTEM 

COMMON DEFANS,JSUBER 
DIMENSION DEFANSC 31 
DIMENSION DI610,21,1DI610,21,A(33,81,IA133,81 
CONV=57.29578 

T!iO IPl ... IOX··IFAG 
IP2 = IBX+IFAC 
IOK = 0 
IACIBX,ll=l 
A(IBX,21= CAClP1,21 + AIIP2,211 /2. 

Dl=-S INF (AI I BX, 2 I /CONV I 
02= COSFCACIBX,21/CONVI 
FS~CONV/IAIIPl,ZI-ACIP2,211 
DO 760 1=1,2 
DC 4, I I =Dl 
0(5,II=D2 
CALL TAB PNT ( 0 11 , I I , I D I 1, I I I 
AIIBX,I+21=SQRTFIDEFANSI11•*2 + DEFANSI21**21 
AS=IAC IPl, 1+41 - AI IP2, I+41 I*FS 
BS=IAIIP2,I+41*AIIP1,21- ACIPl,I+41*ACIP2,211 *FS/CONV 
RS=AS*AIIBX,21/CONV + BS 
CALL T ABC I R CD 11 ,[I, 1 Oil, I I I 
AIIBX,I+41=SQRTFIDEFANSI11**2+DEFANSC21**21-RADGAG*FLOATFI2*1-31 
TEMP=A( IBX, I+41-RS 
IAIIBX,I+61=1000000.* TEMP+SIGNFI0.5,TEMPI 

745 If( ABSFIAC IBX, I+41-RSI - EPS I 760,760,755 
755 IOK=l 
760 l:UNHNUE 

RETURN 
END 

*LABEL 
*FAP 
*CUBICR 

COO NT 
ENTRY 

CUBICR SXA 
SXA 
CLA 
STA 
CLA 
STA 
CLA 
STA 

1 

STA 
CLA 
STA 

2.50 
CUBIC R 
390A,l 
390A+l ,2 
lt 4 
YFUNC+l 
2,4 
YFUNC+2 
3. '• 
YF UNC+ 5 
DE.R IV+5 
4,4 
VFIJNC+8 
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SXA *+1,4 
A XT ** ,z 
AXT 4,1 
CLA* 1,2 
SSP 
FSB EPS 
TPL ••2 
srz• 1,2 
TXI *+1,2,-1 
TIX •-6, t, 1 

lOA LDQ R3 . ·· ; 

FMP*'. 1.4 A· 
STO A3 ... ~ I• . I 

LDQ R2 ·:···. ·.,:- '• 

FMP* 2,4 B 
STO B2 
STZ XA 
CLA* 3,4 c 
STO SA 
CLA* 4,4 D 
STO VA 
CLA* 5;4 XL 
STO TEMP ;. 

·~·TSX YFUNC,2 
STO Y3 
TSX DERI\/,2 
STO DY3 
STZ Nl .. 
STZ N2 

20A CLA* 1,4 A 
TZE 50 A 

30A CLA* 2,4 8 
F() p A3 
l(CA 
CHS 
STO X2 

40A TZE 50 A 
TMJ 50 A 

45A FSB* s, 4 XL 
TMI 70A 

50 A CLA* 5,4 XL 
STO XB 
CLA Y3 
STO VB 
CLA DY3 
STO SB 

60A LXD 11, 1 
TRA 75A 

70A CLA X2 
STO TEMP 
TSX YFUNC,2 
STO Y2 
TSX DERIV,2 
STO DY2 
CLA X2 
STO XB 
CLA Y2 
STO VB 
CLA DY2 
STO SB 
LXD 12,1 

75A CLA Rl 
LDQ SA 
LLS 0 
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STO SIGNSA 
LDQ VA 
LLS 0 
STO SIGNVA 

77A CLA VA 
TZE 380A 

BOA l(CA 
FMP VB 
TZE 300A 
TMI 300A 

85A CLA SA 
TZE 190A 

90A LDQ S I GN.SA 
FMP SB 
TZE 190A 
TPL l90A 

95A STZ oxo 
1 OOA CLA VA 

FOP SA 
l((A 
CHS 
STO ox 
CLA Nl 
ADD 11 
STO Nl 
SUB noo 
TZE 400A 

llOA CLA ox 
TZE 380A 
TMI l90A 

115A FSB oxo 
TZE 380A 

120A CLA XA 
FAD ox 
STO XA 

130A FSB XB 
TPL 190A 

l40A CLA XA 
STO TEMP 
TSX YFUNC,2 
STO VA 

150A XCA 
FMP SIGN VA 
TZE 380A 
TMI 380A 

l60A TSl< OERI V; 2 
STO SA 

170A XCA 
FMP SIGN SA 
TZE l90A 
TMI l90A 

180A CLA ox 
STO ox a 
TRA lOOA 

190A TXL 210A,l,l 
200A CLA X2 

STO XA 
CLA bVZ 
STO SA 
CLA Y2 
&TO VA 
CLA* 5,4 XL 
STO XB 
CLA OY3 
STO SB 
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CLA Y3 
STO VB 
TRA 60A 

210A CLA OY3 
FOP Y3 
STQ T.EMP 
CLA* 3,4 c 
FOP* 4,4 0 
XCA 
FAD TEMP 

220A T ZE 240A 
TPL 240A 

230A CLA Rl 
STO* 1,4 A 
TRA 390A 

240A CLS Rl 
STO* 1,4 A 
TRA 390A 

300A CLA XB 
F SB XA 
STO TEMP 
CLA VB 
F SB VA 
FOP TEMP 
XCA 
SSP 
STO TEMP 
CLA SA 
SSP 
FSB TEMP 
TZE 330A 
TM I . 330A 

310A CLA VA 
FOP SA 
XCA 
CHS 
STO OX 

320A TZE 380A 
TPL 340A 

330A CLA XB 
STO · XA 
CLA VB 
STO VA 
CLA SB 
STO SA 
.CLS Rl 
STO X2 
STZ D XO 

·TRA 3bOA 
340A CLA Rl 

STO X2 
350A LOQ X2 

FMP ox 
FAD XA 
STO XA 
STO TEMP 
TSX YF UNC, 2 
STO VA 
TSX DERIV,2 
STO SA 
CLA ox 
STO OXO 

360A CLA X2 
FOP SA 
FMP VA 
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CHS 
STO ox 
CLA N2 
'ADD I 1 
STO N2 
SUB 1100 ·• 

TZE 400A 
370A CLA ox 

TZE 380A 
TMI 380A 

375A FSB DXO 
TNZ 350A 

380A CLA XA 
STD* 2,4 8 
STZ* 1,4 A 

390A AXT **•1 
AXT **•2 
TRA &,4 

400A CLA R2 
STD* 1, 4 A 
TRA 390A 

YFUNC LDQ TEMP 
FMP ** A 
fAD .... 8 
XCA 
FMP TEMP 
FAD ** c 
XCA 
FMP TEMP 
FAD ** D 
TRA 1' 2 

DERIV LDQ TEMP 
FMP A3 
FAD 82 
XCA 
FMP TEMP 
FAD ** c 
TRA 1,2 

EP S DEC .000001 
Rl DEC 1. 
R2 DEC z. 
IU DEC 3. 
11 OCT 1000000 
I 2 OCT 2000000 
111)0 OCT 144000000 
Nl 
N2 
TEMP 
A3 
82 
DXO 
OX 
DY3 
OY2 
SA 
SB 
SIGNSA 
S IGNVA 
VA 
VB 
11.2. 
XA 
XB 
Y2 
Y3 

END 
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*LABEL 
CFI N ISH 

SUBROUTINE FINISH 
EQUIVALENCE lSYSTEMll700I,KOM ll700I,KFLAGS( 16921 ,T,APETBl 162211 
EQUIVALENCE lTAPETBU81,PROTAPU81,CANTAPU71,CLTAPE(l61, . 

1 POCTAPl151,PLOTAPl141,SRFTAPl131,LIBTAPl121,CRDTAPI111 1 

2 CORTAPI 91, 
3 TAPESU 81,TAPES2l 71,TAPES31 61,TAPES4l 5), 
4 FORTIN( 4I,INTAPEI 31,10UTAPl 2l,PUNTAPI 111 

DIMENSION SYSTEMC17391 
COMMON SYSTEM 

COMMON DEFANS,JSUBER 
DIMENSION KFLAGSl501 

B AA=606060606060 

*ll ST 
*LABEL 

CALL PUNCHA(-1,AA,1,01 
CALL SETUP ( 11 
CALL PUNCHAC-1,AA,11 
CABCTR=KFLAGSl501 
CABON=CABCTR*.6+12.0 
JCAB=CABON 
CALL PRTON(1,JCABI 
KFLAGS(39l=KFLAGSl391+JCAB 
KFLAGSl 501=0 
CAll DESPAT 
RETURN 
END 

CROCOGA CONTINUOUS-PATH ROTARY CONTOUR GAGE 
SUBROUTINE ROCOGA 
DIMENSION SCOOTI10I,AMCODH101, Vl2501,INCODll<:ij,IPECODl3, 

12 00 I , SPEC OD 13,200 I, D l 610 ,_2 I, I Dl 610, 2 I, Q( 10, 102 I ,I Q l 10, 102 t , · 
2STP(3),1Al 33,81 ,A(33,8) ,PUNl81, 1Vl2501 ,IWl21 

DIMENSION DEFANSl3) 
EQUIVALENCE ISYSTEMl~700I,KOM l1700I,KFLAGSl16921,TAP~TBl162211 
EQUIVALENCE lTAPETBl18l,PROTAPC181,CANTAPl17),CLTAPEl16), . 

1 POCT APll51, PLOTAP 1141 ,SRFT APC131, LIBTAP( 12 J,CRDTAP ( 11), 
2 COR TAP ( 9), 
3 TAPESll 8l,TAPES2( 7l,TAPES3l 6l,TAPES4C 51, 
4 FORTIN( 41 ,INTAPEl 31 ,IOUTAPl 21,PUNTAPl lll 

DIMENSION SYSTEMl17391 
COMMON SYSTEM 

COMMON DEFANS,JSUBER 
COMMON I NP, lOT, ICL, lPN, IZR, ICLFLG, ID1,_1D2 . , 
EQUIVALENCE l IPECODC 11 ,SPECODUII ,(·IDl U ,DIU I, UQUI ,Qllll, 

· 1 (I A lll, Al 1 ) I, ( IV ( 1 It VV ( 11 , TAP STO l 41 I, lIT 1, TAPS TO l 21 I 
2, l IT2, TAP STO ( 3 I I , l V (l)., TAPS T 0 l 61 I 

EQUIVALENCECTAPSTOllt;IRECNOI 
DIMENSION KFLAGSC11 
DIMENSION BUFPC201,VVl31 
EQUIVALENCElFIW,IWllll 
SMALFlZli=SIGNFlMAX1FlABSFlZll,l.E-121,Zll 
TANFlZ11 = SINFCZ1/CONVI/SMALFCCOSFCZ1/CONVII 
TANMFlZ1,Z21 = CZ1-Z21/SMALFCl~+Z1*Z21 
IOUTAP=6 

8 SP=606060606060 
8 SM=406060606060 

100 CONV = 57.29578 
DO 101 J=1;12 

101 DEFANSC JI=O. 
P 108=45 ./CONV 
SC DDT l 11 - 60. 
SCOO.Tl 21 = 30. 
-scooT l 31 = 16. 



SCOOT( 41 10o 
S.CODTC 51 8 o 
SCOOT I 61 6 o 
SCOOT( 71 = 4o 
SCOOT( 81 2o 
SCOOT( 91 1o 
SCOOT I 1 0 I 0 o 
AMCODTC 11 9 o 
A MC 00 TC 2 I = 8 o 

AMCODTC 31 7o 
AMCOOTI 41 6o 
AMCODTC 51 5o 
AMCODTI 61 = 4o 
AMCODH 71 3o 
AMCOIJT( 81 2o 
AMCODT ( 9 I 1 o 
AMCODTI101 Oo 
INCOO(ll 1019 
INCOOIZI 1009 
INCODC 31 1031 
INCODI41 2 
I NCOOI 51 = 3 
INCOOI 61 1006 
WCOOI 71 - 1054 
I NC 00 ( 81 = 1 0 52 
I NC 00 ( 9 I = 1 06 7 
I NC OD ll 0 I= 1 

8 STP( 11 440000536060 
B STPI2t = 440001536060 
B STPI3J = 440300536060 

150 NP = 0 
I SCOOP =-1 
MPRE =-1 
ICYCLE=O 
I SCOD = 9 
IMCOD. 26 
NVAL 0 
NOEL = 1 
NSC = 0 
IDATA=O 
TOLER = o000025*4o 
RADGAG=Oo 

180 CALL TAPERDICLTAPE,IRETN,NWPR,l,TAPSTO,OJ 
IFllRETNJ182,181,181 

181 WRITE OUTPUT TAPE IOUTAP,3000 
GU HI 976 

182 IFIIT1-2000J180,200,l90 
190 IF( Ill - 5000 t 180, 300, 380 
200 DO 210 I = 1,10 
2 0 5 IF I I NC 00 C I I - IT 2 I 21 0, 215, 210 
210 CONTINUE 

GO TO 180 
C SEQNO,FEORAT,SPINDL,STOP,OPSTOP,REWINO,CYCLE 

215 GOTO (220, 225, 240, 290, 290, 290, 270 
C NSPEC T, Ll NTOL ,END 

1,296, 216, 405),1 
C Ll NTOL 

216 TOLER=VVI11•4o 
GO TO 180 

C 220- SE QNO 
220 IFIIVI2) .. 661222,JJ1,222 
221 NOEL,.VVI31 

GO TO 223 
222 NDEL=1 

27 



28 

. 223 NVAL = XINTF(VVC11+.51-NDEL 
GO TO 180 

C 225-FEDRAT 
225 DO 230 I = 1,8 

IFCVVC11- SCODT(Il I 230,235,235 
230 CONTINUE . 

I = 9 
235 ISCOD = 10-1 

·GO TO 180 
C 240-SP INDL 

240 DO 245 I = 1,8 
IFCVVC11 - AMCODTCII 245,260,260 

245 CONTINUE 
IFCVVC11 ) 255,250,255 

2 50 I MC OD = 1 7 
GO TO 180 

2 55 I = 9 
260 IMCOD = 27-1 

GO TO 180 
C0270 CYCLE 

0270 IF(IVCU.- 72 ) 271,290,211 
271 IFCIVC11-2391180,275,180 

0275 DO 280 J=1,8 
IFCVVC21- AMCODTCJI I 280,285,285 

0280 CONTINUE. 
J=9 

0285 ICV=27-J 
GO TO 295 

C 290-STOP-OPST.OP-REW IND 
290 ICV=O 
295 NSC = NSC + 1 

IPECODC1,NSCJ = I-3 
IPECODC2,NSC) = ICV 
1PECOD(3,NSCI = IRECNO 
GO TO 180 

C NSPECT 
296 IFCIVCll-711180,297,298 
297 IDATA=1 

GO TO 180 
298 IFCIVCll-721180,299,180 
299 IDATA=O' · 

GO TO 180 
C 300-GOTO-DA TA 

300 NP = NP+1 
N = 6*NP +17 
F1 = COSFCVC11/CONVI 
N=N 
DCN,11 = VC21*F1 
DCN,ZI = VC41*F1 
F1 = SINFC VC1J/CONVJ 
N=N 
NP=NP 
DC N+1 ,11 = V(Z) *Fl 
DC N +1, 2 I = VC 4·1 *F 1 

310 DO 315 I = 1,5 
315 Q(l,NPI = V(l) 

IF(IOATA)318,317,318 
317 IQ(6,NPJ=O 

GO TO 319 
318 NV A.L= NV AL +NOEL 

·I Q.(6, NP) = NVAL 
319 IQC7,NP) = 1\.SCO(> 

IQ(8,NP) = IMCOD 
IQ(9,NP) = IRECNO 
QClO,NPI = TOLER 



320 IFI NP ~ 2 I 180,325,365 
325 DO 360 I = 1,2 

DI22,I) =1012*1+1,1) - SIGNF190.,QI2*1+1,111 )/CONV 
340 OX= 10.*COSFIDI22,1)) 

DY = 10o*SINFIDI22,1)1 
I I= I 

345 IFI DX*IDI23,ll)-0129,11)) + DY*IDI24,IU-DI30,lll) I 350,355;355 
35o·ox =-ox 

ov = -ov 
355 0117,11) =ox+ 0123,111 

D I 18 , I I ) = DY + D l 2 4, I I I 
360 CONTINUE 

N=N 
365 DO 375 I~ 1,2 
3 70 D X D I N, 1 I -D l N-6, I ) 

DY = DIN+1,11-DIN-5,1) 
SS = DY/SMALFIDX) 
XL= SQRTFIDX*DX+DY*DYI 
NP=NP 
S3 = -1./SMALFITANFIQI2*1+1,NPIII 

.NP=NP 
S2 = -1./SMALFITANFIQI2*1+l,NP-1111 
T A = T A N MF I S2 , S S I 
TB = T6NMFIS1.SSI 
N=N 
DIN-4,11 
D( N-3, 1 I = 
D I N-2, 1 I 
DIN-1, I) = 

375 CONTINUE 
GO TO 180 

ITA+ TBI II XL* XLI 
-l2o*TA+TB)/XL 
TA 
ATANFISS) 

380 1FI ITl-6000) 180,385,400 
385 1FI IT2- 6 1180,395,180 

C 395 CUTTER 
395 RADGAG=VVIll/2. 

GO TO 180 
C 400-F JIIH-END 

400 IFIIT1-140001180,405,180 
405 1011,11 NP+2 

1011,21 = [Q(l,l) 

DO 435 I = 1, 2 
NP=NP 
DIN+5,11 =IQI2*1+1,NPI- SIGNFI90.,QI2*I+l,NPII 1/CONV 

415 OX= 10.*COSFIDIN+5,111 
N=N 
DY • 10 • >tSINFI DC N+5 ,I II 
N=N 

420 IF( DX*IDIN,II-DIN-6,111 + DY*IDIN+l;II-DIN-5,1)1 I 425,430,430 
425 ox = -ox 

ov = -ov 
430 DIN+6,II OX+ DCN,I) 

DIN+7,1) DY + DIN+1,1) 
435 CONTt NUE 
440 NSCN = 1 • 
450 KFLAGSI501=0 

CALL SETUPIOI 
NSEGTD ;; NP 
NERR•O 
DO 491 ~SEGB=1,NP 
IFI lQ(6,NSEGBI I 491,491,492 

1•91 COIIITI NIJE 
492 NSEGB=NSEGB+l 

NSCN=NSCN 
460 IF( NSCN - NSC I 465,465,490 
465 IFI IPEC00(3,NSCNI- 1Ql9,NSEGB-ll ) 470,490,490 

29 
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470 
4·75 

480 
485 

490 

499 
500 

505 
s1n 

515 

530 

IFC IPECODC1,NSCNI - 4 I 475,480,480 
l = IPECODC 1,NSCNI 
CALL PUNCH A I -3· ,S T P I·IJ, 0 J 
GO TO 485 
ICYCLE = IPEC00(2,NSCNJ 
NSCN = NSCN + 1 
GO: TIJ 460 . 
DO 950 NSEG=NSEG8,NSEGTD 
IF( IQI6,NSEGI J 955,955,499 
K=6*NSEG.:t-11 
DO 505 I = 1,33 
IACI,1J=O 
lAC 1,8 J=O 
IACt,lJ = 0 
012,1) DIKtll 
DC2,2J = DCK,2J 
DC 3,11 =. DCK+1,1J 
DC3,2) = 0(K+(,2J 
IA(1,1J::1 

A I 1 , 2 ) -= Q ( 1, N S E G_- ll 
Al1,31 = Q(2,NSEG-1J 
A11r41 = Q(4,NSEG-ll 

IAI33,.11 = 1 
Al33,21 = QI1,NSEGJ 
AC33,3l = QC2,NSEGJ 
AI33,4J = Q(4,NSEGJ 

EPS = Q(lO,NSEGI 
DO 550 1=1,2 
DI12,II=RADGAG· 
01 6, I J =0. 
ID(9,IJ=7l 

:I 

IFC A8SFIDIK+5,IJI- PID81 545,545,540 ·.·· 
5~0 10111riJ=33-l 

GO TO 550 
545 IDI11r1J=37-I 
550 CONTINUE 
555 DO 560 J=1,33,32 

JJ=J 

56:> 

570 

690 

D i=- Sl NF I A( JJ, 21 /CONVI 
JJ=JJ 
02= COSFIACJJ,21/CONVI 
DO 560 1=1, 2 

. D(4, l 1=01' 
D(5,11::D2 
CALL TA8CIR CDHtlltiD( 1,1)) 
JJ=JJ 
11=1 
A(JJ,II+41=SQRTFCDEFANSC11**2+DEFANSC21**21 -RADGAG*FLOATFC2*11-31 
IF( NSEG-NSEGB I 570,570,690 
SUMDX=AC1,5J 
SUMDU=AC1,61-AC1,51 
CALL HEAD CO,VI 
WRITEOUTPUTTAPE IOUTAP,4003 
Ll NES=48 
WRITEOUTPUTTAPE IOUTAP,4002,AC1,21,SUMOX,SUMDU,AC1,6l 
DO 805 10 = 1,1 
1800 = 17 

. 695 
700 

CALL ADOPT I IB00,16,IOK,IA,A,IO,D,EPS,RADGAGI 
IFC IOK I 805,805,700 
DO 800 I 1 :: 1 , 2 

705 
710 

1801 :: 1800 + 16*11 - 24 
CALL ADOPT 11801, 8,10KriA,A,JO,O,EPS,RADGAGI 
IF( IOK ) 800,800,710 
DO 795 12 = 1,2 
1802 = 1801 +8*12 - 12 . 
CALL ADOPT (1802, 4riOK,IA,A,IO,O,EPS,RADGAGI 



115 IF( IOK.) 795,795,720 
720 DO 790 13 = 1r2 

1803 = 1802 + 4*13 - 6 
CALL ADOPT (1803, 2,IOK,IA,A,IO,O,EPS,RADGAG) 

725 IFC IOK ) 790,790,730 
730 DO 785 14 = 1,2 

1804 = 1803 + 2*14 - 3 
CALL ADOPT (1804, lriOK,IA,A,IO,O,EPS,RADGAG) 

135 IFC IOK ) 785,785,740 
740 NERR = NERR + 1 
785 CONTINUE 
790 CONTINUE . 
795 CONTINUE 
800 CONTINUE 
805 CONTINUE 
810 IFC ICYCLE ) 820,820,815 
815 CYCLE=ICYCLE 

CALL CON8CDICYCLE,IW(2),2,0) 
8 FIW=620C44&C6060 

CALL PUNCHA I-12,IW,0) 
I SCODP=-1 
MPR E=-1 
If( LINES 816,816,817 

!116' Ll NI!S=49 
CALL HEAD C-1,V) 
CALL HEAD CO,V) 
WRITEOUTPUTTAPE IOUTAP,4003 

817 1=27-ICYCLE 
TA8LE=AMCODTII J 
WRITEOUTPUTTAPE IOUTAP,4000,TA8LE 
LINE S=L I NE S-1 

820 IFC NSCN-NSC J 825,825,850 
825 NSEG=NSEG 

NSCN=NSCN 
IFI IPECODC3,NSCN)- IQ(9,NSEG)) 830,850,850 

830 IFI IPECODCl,NSCN) - 4 J 835,840,840 
835 I=IPECODI1,NSCNJ 

CALL PUNCHA C-3,STPI IJ,O) 
I SCODP=-1 
MPRE=-1 
GO TO 845 

840 I CYCLE= IPECODI 2rNSCNJ 
845 NSCN = NSCN + 1 

GO TO 820 
850 NP = 1 

DO 94~ NPI = lrjJ 
IFI IAINPT,l) ) 945,945,855 

855 DELX=AINPT,5J-SUMDX 
OXP=5.*INTFIDELX*200000.+SIGNFI.5,DELXJ) 
SUMDX=SUMDX+DXP/1000000. 
DELU=ACNPT,6)-SUMDX-SUMDU 
DUP=5.*INTFCDElU•200000.+SIGNFC.5,DELUJ) 
SUMDU=SUMDU+DUP/1000000. 
DELR=MAXlFIABSFIDXP),ABSF(OUPJJ/1000000. 
DELC =IACNPT,2J-AINP,2))*3600. 
IFC DELR) 851,851,852 

851 DEL TM:.:::60. 
GO TO 853 

852 DELTM=ABSFCDELC/12000.*DELRIJ 
a 53 I = 1 0- I Q I 7, N SE G ) 

SVALCA~ MIN1fi&O.,SGOOTCI),OELTMJ 
SX= SP 
IF( OXP ) 656,857,857 

856 SX=SM 
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857 DXP=ABSFCDXPI 
SU=SP 
I F ( DU P I 8 58 , 8 59 , 8 59 

858 SU=SM 
859 DUP=ABSFIDUPI 

DO 860 1=1,8 
IFI SVALCA- SCODTIII J 860,865,865 · · 

860 CONTINUE 
1=9 

865 ISP=10-l 
MO=O 
IF( IQC8,NSEGI - MPRE I 870,875,870 

870 MPRE = IQC8~NSEGJ 
MPP=MPRE+ 100 
M0=1 

875 ISO'=O 
IFI ISP - I SCOOP I 880,885,880 

880 I SCOOP= I SP 
I SO= 1 

885 ISQN=IQI6,NSEG-11 +1000 
SXU=SUMDX+ SUMDU 
DXP1=DXP/1000000. 
DUP1=DUP/1000000. 
1=10-ISP 
TIL T=$CODTII I 
1=27-MPRE 
TABLE=AMCODTI I I 
IFI LINES I 886,886,887 

886 CALL HEAD I-1,VI 
CALL HEAD IO,VI 
WRI TEOUTPUTTAPE [ OUTAP,4003 
LINES-=49 

88 7 WRITE OUT PUTT APE I OUT AP, 4001 , I.QI 6, NS EG-1 I, AI NPT, 2 I, SUMO X, SUMDUt. 
1SXU,OXP1,DUP1,TILT,TABLE 

L I NES=L INES-1 
FSQN=ISQN 
FSP=ISP 
FMPP=MPP 
CALL CONBCDCFSQN,PUNI11,3,01 
FDXP=DXP/1000. 
FDUP=DUP/1000. 
CALL CONRCDIFDXP,PUNI21,7,31 
CALL CONBCDCFDUP,PUN(4),7,31 
CALL CONBCDCDELC,PUNI61 ,6,01 
CALL CONBCDI FSP,PUNCJI,1,01 
CALL CONBCDIFMPP;PUNI81,2,01 
DO. 888 JJ= 1, 20 

888 BUFPCJJI=SP 
IFIDXP-.51890,890,889 

B 889 8UFP1201=536060606060 
8 8UFPI 31=676060606060 

BUFPI 4I=SX 
BUFPI 51=PUNC21 
BUFP( 61 =PUN( 31 

890 IFIDUP-.51892,892,891 
B 891 BUFPI 71=646060606060 

BUFPI 81=SU 
8UFP( 91=PUNC41 
B UF P ( 1 0 I =PUN I 51 

892 IFCDELC-.• 51894,894,893 
B 893 8UFP(l11=236060606060 

8UFP I 12 I=PUN( 6 1· 
894 IFI NP-1 I 910,895,910 

8 895 8UFP( 11=456060606060 
8UFP( 21=PUNC11 
I F I MO I 91 0 , 91 0 , 8 9 6 



B 896 BUFP(131=626060606060 
BUFP( 141=PUNI 7 I 

B BUFPl151=446060606060 
BUFP(161=PUNI81 
IF( ISOI 905,905,940 

90 5 B UF P ( 1 3 I= SP 
BUFPI 141=SP 
GO TO 940 

B 910 BUFPl131=626060606060 
BUFPI l41=PUN( 71 
IF I ISO I 905,905,940 

940 CALL PUNCHAI-120,BUFP,~I 

NP=NPT 
945 CONTINUE 
950 CONTINUE 
955 1F(ICVCLEI959,959,956 
956 CVCLE=ICVCLE 

CALL CONBCD(CVCLE,IW(21 ,2,01 
B FIW=620Q44606060 

CALL PUNCH A (-12 t IW,O l 
ISCODP=-1 
MPRE=-1 
IF( LINES I 957,957,958 

?57 LINES-'t9 
CALL HEAD I -1 ,vI 
CALL HEAD ( O, VI 
WRITEOUTPUTTAPE IOUTAP,4003 

958 1=27-ICYCLE 
TABLE=AMCODTII I 
WRITEOUTPUTTAPE IOUTAP,4000,TABLE 
LINES=LlNES-1 

959 IF( NSCN-NSC J 9o0,960,975 
960 IF( IPECODI1,NSCNJ-4l 965,970,970 
965 I=IPECODI1,NSCNI 

CALL PUNCHA (-3,STPIII,OI 
970 NSCN=NSCN+1 

GO TO 955 
975 WRITEOUTPUTTAPE IOUTAP,2001,NERR 
976 CALL FINISH 

9999 RETURN 
3000 FORMAT(18HOCLTAPE READ E~RORI 
3002 FORMAT(13,3F8.0rl1,121 
3003 FORMAT(A3,A6,A1,1X,A6,A1,2X,A6,1X,A1,A21 
3004 FORMAT( 1HN, A 3, 1HX, A 1 , A6 ,A 1 , 1 H U, A1 , A6, A1 , 1 HC, A6, 1 HS, A1 , 1 HM, A2 I 
3005 FORMAT(6A61 
3006 FORMA TC lHN; A3 t'HIX, Al, A6, A 1, 1 HU, A1 t 116 , Al , l HC 1 AI> 1 l HM1 A? l 
3007 FORMAT(1HN,A3,1HX,Al,A6,A1,1HU,A1,A6,Al,1HC,A61 
3 0 0 8 F 0 R MAT (.1 H N, A 3 , 1 HX , A 1 , A6 , A 1 , 1 HU, A 1 , A 6 , A 1 , 1 HC , A 6, 1 H S t A 11 
30 0 9 F 0 R M A TC 1H X , A 1 , A 6, A 1 , ll:iU , A 1 , A 6 , A 1 ; 1 H C , A6 I . 
3010 FORMATl1HX,A1,A6,A1,1HU,A1,A6,A1,1HC,A6,1HS,A11 
2001 FORMATI60HONO OF LOWEST LEVEL SECTIONS REQUIRING FURTHER DIVISION 

1WAS ,141 
4000 FORMAT(6H SWEEP,68X,F10.01 
4001 FORMATC1H r13,F10.4,5F10.6,2F10.0J 
4002 FORMATC1H ,3X,F10.4,3F10.6J 
4003 FORMATC85H SEQ THETA RCII WALL R(OI X · 

1 U TILT TABLE J 
END 

*LABEL 
CIIEAD HEADINGS FIJR ROC:OC'OA I ISTS 

SUBROUTINE HEAD ( IC,ITITLI 
DIMENSION ITITLllllriTIT(l1J,DEFANSl31 
EQUIVALENCE CSYSTEMC1700J,KOM (17001,KFLAGSC16921,TAPETB( 162211 
FOUIVALENCE (TAPETB( 181 ,PROTAP( 181 ,CANTAP( 171 ,CLT.APEC 16lo 
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1 POCTAPC15l,PLOTAP(14J,SRFTAPC13J,LIBTAPC12),CRDTAPC11), 
2 COR TAP ( 9) , 
3 TAPESU 8J,TAPES2( 1),TAPES3C 6J,TAPES4( 5)., 
4 FORTIN( 4),1NTAPEC 31 ,IOUTAP( ZJ ,PUNTAP( 1)) 

DIMENSION SYSTEMC1739) 
COMMON SYSTEM 

COMMON DEFANS,JSUBER 
COMMON INP,IOT,ICL,IPN,IZR,ICLFLG,IDl,ID2 
IF( IC ) 230,100,10 

10 DO 15 1=1,11 
15 ITIHIJ=ITITUI) 

100 WRITEOUTPUTTAPE IOUTAP,2000,ITIT 
230 RETURN 

200C .FORMATC1H1,11A6) 
END 

*LABEL 
CSCHTB 

SUBROUTINE SCHTB (N,D,ID) 
DIMENSION DC1J,IDC1),0EFANSC3J 
EQUIVALENCE CSYSTEMC1700J,KOM C1700J,KFLAGSC1692),TAPEJBC1622)) 
EQUIVALENCE ( TAPETB ( 1BJ ,PROT AP U 8), CANTAP 117 J, CLT AP EC16), 

1 POCTAPC15J,PLOTAP(14)iSRFTAPC13),LIBTAPC12),CRDTAPC11J, · 
2 CORTAP( 9), 
3 TAPESll 8),TAPES2( 7J,TAPES3( 6J,TAPES4( 5), 
4 FORTINI 4J,INTAPE·C 3),10UTAP( 2),P.UNTAPC lJ) 

DIMENSION SYSTEMC1739) 
COMMON SYSTEM 

COMMON DEFANS,JSUBER 
N2~ 6*IDC lJ + 11 

20 DO 50 N=23, N2 ,6 
30 IF( ABSFlD(2J-DCNJJ- .005) 40,40,50 
40 IFl ABSFCD(3)-DCN+lJ)- .005) 70,70,50 
50 CONTINUE 
60 WRITE OUTPUT TAPE IOUTAP,1000 

lOOn FORMATC26HOTABCYL INTERVAL NOT FOUND) 
N=O 

70 RETURN 
END 

*LABEL 
CSE TUP 

SUBR,OUTINE SETUPCLJ . 
EQU IV AL,ENC.E ( SY.SJEM ( 1700 I ,KOM .. ( 1700) ,KFLAGSC 1692) , TAPETB C 1622)) · 
EQUIVALENCE C TAPETB US) ,PROT APC18), CANT AP 117 I, CL TAP EC 16), 

1 POtTAPll51,PLOTAP(l4J,SRFTAPCl3),LIBTAPC12loCRDTAPI11J, 
2 CORT AP ( 9 J, 
3 TAPESll 8),TAPES2C 7),TAPES3C 6J,TAPES4( 5), 
4 FORTINI 4J,INTAPEC 3),IOUTAPC Z),.PUNTAPC.UJ 

DIMENSION SYSTEMC17~9) · 
COMMON -SYSTEM 

COMMON DEFANS,JSUBER 
DIMENSION AAC15J,PNOFLGC14) 
EQUIVALENCECPNOFLGC1J,SYSTEMC17151J. 
IF ( Ll2 00,100,200 

B 100 BLNK= 606060606060 
DO 101 JJ=1 ,12 

101 AA(JJI=BLNK 
8 AA( 9)=606044000053 
B AAC101·=606044000053 
B AAC111=440000757575 

N=-72 
J=O 
K=1 
CALL PUNCH~(N,AA,J,K) 



N=-6 
CALL PUNCHACN,AAI101,J,KI 
N=-12 

B 200 
B 

CALL PUNCHA(N,AAC111,J,KI 
AAC11=623025264324 
AAC21=733145624773 
AAC31=514623462746 
AAC41=6C6060606060 

B 
B 

201 

300 

K=14 
DO 201 J=5,15 
K=K-1 
AA( J I= PNOFLGIK) 
CALL HEAD( 1 ,AAC 511 
AA( 141=BLNK 
CALL DATECAAI1411 
PNUfLG I 141=AA( 11 
N=-90 
CALL PARNOMIN,AAI 
IFILI400,300,400 
M=-60 

B 301 
B 

DO 301 LL=1,9 
AA(LLI=343434343434 
AAI101=34343434l353 
J=O 

400 

K=1 
CALL PUNCHAIM,AA,J,KI 
RETURN 
END 

*LABEL 
CTABCI R 

SUBROUflNE TABCIR CD~IDI 
YFUNCFI XI= X*( X*( X*A·+B I+CI 
DERIVFCXI=X*(X*AT3+BT21+C 
YFUNOFIXI=X*IX*IX*AO+BOI+COI+DO 
DERIOFCXI=X*CX*A0*3.+B0*2~1+CO 
DIMENSION DC11,IDC1l,OEFANS(3) 
EQUIVALENCE C SYSTEM( 17001, KOM ( 17001 ,KFLAGSC 1692 I , TAPE T Bl 162211 
EQUIVALENCE C TAPETB 1181, PROT APUB I, CAN TAP C 171 ,CL TAP EC 161, 

1 POCTAPI151,PLOTAPC141,SRFTAP(131,llBTAPC121,CRDTAPClll, 
2 CORT AP ( 91, 
3 TAPESll BhTAPES2( 71,TAPES3( 6I,TAPES4( 51, 
4 FORTINI 41,INTAPEC 3I,IOUTAPC 21,PUNTAP( 111 

DIMENSION SYSTEMC17391 
COMMON SYSTEM 

COMMON OF.FANS,JSUBER 
D I MENS I ON 0 V l 4 , 21 

10 DV11,1 I 1. 
DV(2,1) = -1. 
DVI3tll O. 
ov (4, 1) = 0. 
DVCl ,2 I O. 
DVC 2, 2 I O. 
OV l3 ,2 I 1. 
OVC4,21 -1. 
JSUBER=O 

20 CAll SCHTB CN,O,IOI 
30 IFCNI 40,960,40 
40 CALL TABOIR CN,IO(li,O.I 
50 IFCOC611 60,70,70 
60 D('d•-D('d 

0151=-0(51 
0(61=-D(61 

70 IF ( I 0 I 91-27 I 80,90, 80 
C ~1 IS FOR CIRCLE TANGENT TO LINE 
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80 RCL=O. 
GO TO 130 

90 IF( 10( 10 I -341 110,100,100 
100 IDCL= 10(101-32 

GO TO 120 
110 IDCL=ID(101-30 
120 DCL=SIGNFU. ,0(41*011( IDCL,l) + 0(51*DV(IDCL,21 I 

RCL= DC 121*DCL 
130 IF( 10(11)-34 I 150,160,160 
150 IDCT=l0(1ll-30 

GO TO 170 
160 IDCT=IDU11-32 
170 A= DC N + 2 I 

B=DCN+31 
C=DC N+41, 
AT3=3. *A 
8T2=2.*8 
02= 0( 6 I +RCL 
OX=DCN+6 1-0CNI 
OY=D(N+71-D(N+l) 
XLSQ=DX*DX+DY*DY 
XL=SQRTFCXLSQI 
F1=DX/Xl 
F2=DY/Xl 
Al=DC41*Fl + DC51*F2 
~l=DC51*F1- 0(41*F2 
DLP= 02- 0(4)*D(N) - 0(51*DCN+11 
U1=0. 
111=0. 
S1=C 
IDIR=O. 

200 DCT=S IGNF( 1.,DX*Oif( IOCT ,2 1-DY*Dif( IDCT, 1)) 

RCT= D(lZI*DCT 
210 IFCAI 220,260,220 
2~0 UI=-B/AT3 ' · 
2 30 IF ( U I I 2 60, 260, 240 
240 IF( UI-Xl I 250,260,260 ·•· 
2 50 U2=Ul 

If 2= YFUNCF( U2 I 
ND=1 
GO TO 270 

260 U2=Xl 
112=0. 
ND=O 

270 S2=DERIVFCU21 
NI=O 

280 U4=0. 
114=0. 
DIS= 1. E 20 
F3=SQRTF(1.+S1*S11 
A1=1./F3 
Bl=S1/F3 
F3=SQRTF(l.+S2*S2) 

A2=1./F3 
B2=S2/F3 

290 ·u1P=Ul-B1*RCT 
If 1 P=lf 1 +Al *RCT 
Dl='D.LP-Al*U1 P 

300 IF( Dl I 310,320,320 
310 Al=-Al 

BL=-BL 
DL=-Dl. 

320 U2P=U2-B2*RCT 
If 2P=V2+A2*RC T 
U1 PO=U1 P 



330 QX:U2P-U1 P 
DXli=U1P-U1PO 
AO=CS1+S2-2.•CV2P-V1PI/DXI I CDX*DXI 
80=CS2-S1-3.*l(U2P-U1POI**2-DX1I**21*AOI I (2.*DXI 
CO=S1-DXll*l3.*AD*OXli + 2.*BOI 
DO=V1P-DXli*lOX1I*lDX1I*A0+801+COI 

340 IF( IDIR I 350, 350~ 360 
3 50 U1 PQ:U1 P 

OXP=D X 
360 IF( BL I 380,370,380 
370 D2=0L 

GO TO 500 
380 Ol=AO 

02 .. 80 
03=CO+ALIBL 
04=00-Dll BL 
OXPE=OXP+.000001 

390 CALL CUBICR CD1,02,03,04,0XPE I 
400 IF( Dl I 430,500,410 
410 IFC 01-2. I 430,900,430 
430 IFC NO I 440,450,440 
440 U1=U2 

Vl;=V2 
· Sl =S2 

GO TO 260 
450 CALL TAROIR lN,IOCli,DU 
460 IFC N I 170,970,170 
500 VC=YFUNOF(021 

UC=02+U1PO 
505 IF ( l DI R ) 506,506,510 
506 IFC UC-Xl/2. I 507,507,508 
507 iOiR=l 

GO TO 530 
508 IOIR=2 

GO TO 530 
510 OIS=SQRTF((UC-UCPI**Z+lVC-VCPI**21 
515 IFC DIS I 800,800,520 . 
520 IF( DIS-DISP I 530,525,525 
525 UC=UCP 

VC=VC P 
GO TO 800 

530 UCP=UC 
VCP=VC 
DISP=.OIS 
SC=DERI OF 1021 
f1=SQRTFC1.+S~*SCI 

A3=1 ./F3 
83=SC/F3 
D3=A3*UC+83*VC 

540 IF ( 8 3 I 550, 545., 550 
545 U3=03 

GO TO 590 
550 D1=A 

02=8 
D3P=C +A3/83 
04=-03/83 
XLE=XL+.OOOrlOl 

560 C~LL CUBICR (Ol,02,03P,04,XLEI 
510 IH 01 l 910,580,575 
575 IF( 01-2. I 910,920,910 
soo uJ~oJ 
590 V3=YFUNCFIU31 

S3=DERI VF ( U31 
F3=SQRTFClo+S3*S31 
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A4=1./F3 
84= S3/F3 

600 U4=U3-B4*RCT 
V4=V3+A4*RC T 
IFI IU4-UCI**2+1V4-VCI**2- 1.E-ll I. 800,800,680 

680 IFI IDIR- 1 I .700,700,720 
700 U1P=U4 

V1 P.::;V4 
S1=S3 
GO TO 740 

720 U2P=U4 
V2P=V4 
S2=S3 

740 NI=NI+1 
IF( Nl-100 I 330,330,920 

800 DEFANSI11=UC*F1-VC*F2+DINI 
DEFANSI21=VC*F1+UC*F2+DIN+11 
DEFANSI31=0. . 
GO TO 999 

900 WRITE OUTPUT TAPE-IOUTAP,1000 
1000 FORMATI26HOCUBICR FAILED TO CONVERGE 

910 WRITE OUTPUT TAPE IOUTAP,1001,NI 
1001 FORMATI31HOTAB CIRCLE NOT FOUND /NO.ITER=,I31 

ll=N+7 
WRITEOUTPUTTAPE 6,1004,N,IDIIJ,I=N,I11 

1004 FORMATI1~,8F12.61 
GO TO 960 

920 WRITE OUTPUT TAPE I OUTAP..l002 
1~02 FORMATI30HOTAB CIRCLE FAILED TO CONVERGE I 

960 JSUBER= 1 
970 WRITEOUTPUTTAPE IOUTAP,1003 

1003 FORMATC35H TABCIR NOT .FOUND IN NEARBY SE!iMENTI 
999 RETURN 

END 

*LABEL 
CTABDIR 

SUBROUTINE TABDIR IJ,N,DIRI 
10 IFI DIR I 30,20, 70 
20 IRIGHT = 0 

LEFT .= 0 
INTJ = J 
N2= 6*N+ 11 
GO TO 120 

30 LEFT = LE F T + 6 
40 IFI LEFT- 18 I 50,50,110 
50 J = INTJ- LEFT 
60 IF( J-171 70,120,120 
70 !RIGHT = IRIGHT + 6 
80 IFI !RIGHT - 18 I 90,90,110 
qo J = INTJ + IRIGHT 

100 IFI J- N2 I 120,120,30 
110 J = 0 
120 RETURN 

END 

*LABEL 
C TABPNT 

SUBROUTINE TABPNT ID,IDI 
DIMENSION Dl1liiDI11,DEFANSI31 . 

. ·. ~-

• l 

EQUIVALENCE I SYSTEM 117001 ,KOH I 1700 I ,KFLAGSI16921 ,T APETBI1622 I I 
EQUIVALENCE ITAPETBI181,PROTAPI181,CANTAP(17J,CLTAPEI161, 

1 POCTAPI1519PLOTAPI141,SRFTAPI131,LIBTAPI12l,CRDTAPilll, 
2 CORTAPI 9), . . . 
3 TAPESll 81,TAPES21 7),TAPES31 61,TAPES41 5i, 



4 FORTIN( 4),1NTAPEl 3J,IOUTAP( 21,PUNTAP( lJI 
DIMENSION SYSTEM(1739J 

COMMON SYSTEM 
COMMON DEFANS,JSUBER 

10 JSUBER= 0 
20 CALL SCHTB ( N, 0, I OJ 
30 I F ( N J 40 , 3 30 , 40 
40 CALL TAROIR IN .IOU I ,0.1 
50 B 3= 0 I 6 I - 0 I 4 I *D l N I - 0 l 5 I * D ( N+ 1 I 
60 IFI B3 I 80,70,80 
10 OEFANSl11=0lNI 

OEFANSl21=0CN+lJ 
GO TO 280 

80 F1=0lN+61-0CNI 
F2=DlN+71-D(N+ll 
XL SQ=F 1 * Fl +F2* F2 
XL = SQR TF I XL SQ I 
F1=F1/XL 
F 2=F 2/XL 
B1= OI41*F1 + DI51*F2 
B2= DI51*F1 - 0(41*F2 
F3 = 81 + B2*0(N+41 
NO=N+7 

90 If'l A05fl0JI XL I ll0;110,100 
100 01 = SIGNF(l.,B1*B3J 

GO TO 300 
110 IF( F3 I 120,180, 120 
120 U = B3/F3 

E = XL SQ/1. E4 
130 IF( 0(N+31 J 140,150,140 
140 F, = MIN1Fil~E-6/ABSFCOCN+311,EJ 
150 IFl U*U- E I 160,160,180 
160 V = U*D(N+41 

GO TO 27C 
180 IFl ABSFlB21 - 1.E-3 J 230,230.190 
190 01 D(N+21 

02 = 0(N+31 
03 = 0(N+4) + Bl/82 
04 = -B3/B2 

200 CALL CUBICR C01,02,03,04,XLJ 
210 IF( 01 I 300,220,215 
215 IFl 01-2. I 300,325,300 
220 U=D2 

GO TO 260 
230 U = 83/Bl 
240 IF( U J 290,250,250 
250 V = U*lU*lU*OIN+21 + DIN+31 J +DlN+41 I 

OV = U*lU*3.*0lN+2J + 2.*DlN+31 I + DCN+41 
U = 183- B2*(V-DV*UII I (81 + B2*0VI 

260 V = U*lU*CU*DlN+21 + DCN+31 I +0(N+4) 
270 OEFANSllJ = U*F1- V*F2 + DlNi 

OEFANSC21 = V*Fl + U*F2 + DlN+11 
2 80 DEFANSC 3 J=O. 

GO TO 340 
290 01 = -1 • 
300 CALL TABDIR (N,ID(li,Oll 
310 It' I N ) 320,320,50 
320 WRITE OUTPUT TAPE IOUTAP,lOOO 

10.00 FORMAT(36HOTABCYL INTERSECTION POINT NOT FOUND) 
GO TO 330 

3 2 5 WR I n: U U I PuT TAP~ I OUT APt 10 0 1 
1001 FORMATl26HOCUBICR FAILED TO CONVERGE) 

330 JSUBER = 1 
340 RETURN 

END 
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*FAP \. 

ENTRY PERROR 
PERROR SXA BACK,4 

CALL DE SPAT 
BACK AXT •• ,4 

TRA 1,4 
END 

* FAP 
*LABEL 
*4500 PRTON 

ENTRY PRTON 
PRTON CLA* 1, 4 

STO N 
ARS lB 
XCA 
PXD o,o 
MPY N6 
XCA 
ADD ADR 
STA DO 
SXA 8 9 4 
CLA* 2,4 
STO BB 
AXT 0,4 

DO CLA 0,4 
STO PRTt-5,4 
TXI *+1,4,1 
TXL D0,4,5 
CALL C S PH), PRT 
CALL IF ·IL) 
LFTM 
CALL ISPH) ,ACC 
LDQ BB 
STR 
CALL IF IL) 
LFTM 
LXA B,4 
TRA 3,4 

B PZE 0 
BB PlE 0 
N PlE 0 
ACC BCI 6, 119H LENGTH OF TAPE IS I5 9 6H FEET) 
N6 OCT 6 
ADR PlE El-l 
PRT BSS 6 
El BC l 6, C 30HOPUNCHED TAPE FOR ROCOGA ) 

BSS 6 
END 

···. ,• 



TABLIN LIST 

*LABEL 
CTABLII\J. 

APPENDIX B 

SUBROUTI~E TABLIN 
YFU~CFCXI#X*IX*IX*A+BI+CI 
DERIVFCXI#X*IX*A3+B2l+C 

41 

DIMENSION K OM ( I I , OEF AN S ( I I , DE F TAB ( I I , I OFT A B I I I , Z SUR I I I , D ( I I , I D I I I 
EQU I VAL E'4C E I DEHN S ( 3 31 ) , I DF TAB (I 334 l , DEFT AB I I j3 14 l , I 0 I I 3 33 l , 

I 0( 13 33 l, Z SUR I 172 l, JSUBER I 235 I, KOMI 9834) l, I KOM ( 95 l, I OUTAP l 
COM"''ON KOM 

10 N#l7 
N I #6 * ( I D I I 71-1 I+ 2 2 
JSUBER#u 

20 CALL SCHTB CN,DC!'H I,D(NI+III 
lin r F 1 N , 40, e ~o, 4 a 
40 CALL TABDIR CN,J7,0.l 
50 FI#COSFIDCN+Sll 

F211SINFIDI"l+5) l 
UP#CDC2l-DINll*FI + CDC31-DCN+Ill*F2 
VPIICDC3l-DCN+IIl*FI- IDC2l-DCNli*F2 
XLSQ#IOI~+6l-DCN) 1**2 + IDii\1+71-DIN+I l 1**2 
XL#SQRTFIXLoSQl 
AIIDIN+2l 
B#DCN+31 
C#DIN+4l 
A31#3.*A 
B21#2.*B 
NI#J 

60 IFI IDCSl- 18 l 70,2!J0,7:J 
70 IF( UP+ I.E-5 l 12J,8rJ,RU 
80 IFC UP - XL - I.E-5 l 9rJ,90tl2·l 
90 VUP¥YFUNCFIUPJ 

100 IFI ABSFIVUP-VP)- I.E-5 l 11Lltii·Dt12C 
.II 0 VP#VUP 

SPIH>ERIVFCUPl 
UI#UP 
VI #VP 
GO TO 16] 

120 DI112.*A 
D211R-A3*D12l 
D3#-2.*DI2l*B 
04 t1 0 I 3 l - D I 2 I *C 

130 CALL CUBICR IDI,D2,03,D4,XLl 
140 IFI Dl I 8:JO, ISU,BUJ 
150 UIIID2 

VI H FU'JCF I U I l 
SP#IVP-VI l/IUP-UI) 

160 82111./SQRTFC I.+SP*SPI 
A21t- 82*SP 
Uli#A.2•uP+B2*VP 
GO TO Q!JJ 

200 F3#SQRTFI I.+C*Cl 
AL#I ./F3 
BL #C /F 3 
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DLtiJ. 
FL#AL*UP+BL*VP 

210 IF( FL l 220,23l.l,23J 
220 D I#- I • 

GO TO 81J 
230 SB#A*XLSQ - C 

F3#SQRTFII.+SB*SBl 
ARiil ./F3 
BRI#SR/F3 
DR #A R*Xl 
FR#AR*UP+BR*VP-DR 

240 IF( FR l 260,26J,25J 
250 Dl #+ 1. 

GO TO 810 
260 IF( FL l 270,265,27J 
265 -A2#AL . 

B2#RL 
D211DL 

---GO T 0 9iJJ 
270 IF( FR l 280,275,.280 
275 A2#AR 

B2#RR 
D2#DR 
GO TO 9:JJ 

280 XAI#Q. 
VA#J. 
SAI#C 

290 1~1 A 31Q,3UDt31~ 
300 IFI B 380,305,380 
305 A21#1. 

82#0. 
02#UP 
UI#UP 
VI #YFU\ICFIUI l 
GO T 0 9J:J 

310 X21#-B/A3 
320 IFI X2 l 38:Jt38J,33J 
HO. IF I X2-XL l 34U~ 38U, 380 
340 XBI#X 2 

VB#YFU'ICFIXBl 
SBI#DERIVFIXBl 
ARSI#AR . 
BRSI# BR 
DRSNOR 
F3#SQRTFI I.+SR*SBl 
AR#I ./F3 
BRI#SB/F3 
DR#AR*XB+BR*VB 
FRI#AR*UP+BR*VP-DR 

350 IF( FR l 39:J,275,37J 
170 AL#I\R 

BLIIBR 
OL#DR 
ARI#ARS 
BR#BRS 
DR#DRS 
XA#X B 
VA#VR 
SAI#SH 

'380 XB#XL 
VB 1#0 • 
SRI#DERIVFIXBl 



390 F3#AR*BL-AL*BR 
40 0 I F I F 3 I 4 I 0 ,3 0 5 , 4 I [J 

410 UC#IRL*DR-BR*DLI/F3 
VC#-IAL*DR-AR*DLl/F3 
UIP~-1. 

PUST EPIII. E+ 3J 
PASTEPIII. E+3J 
AC#AR 
RC#RR 

420 DU#UP-UC 
DV#VP-VC 
F3#SQRTFCDU*DU + OV*DVl 

43D IFI F3 I 450,88tJ,450 
450 fi.C#DV/F 3 

BC#-DU/F.3 
460 IFI ABSFIRCl - I.E-IiJl 470,470,480 
470 UI#UP 

GO TO 5~] 

480 0 I #fl. 
D2#R 
D3#C+AC/BC 
nLitt- I ~f.*llP+BC*VP) /BC 

490 CALL CUBICR IDI,D2,D3,04,XLl 
SOD IFI Dl l 5CJ5,52U,510 
505 U I #X A 

GO TO 53J 
510 IFI 01-2. l 515,805,515 
5iS UI#X8 

GO TO 53J 
520 Ul tH>2 
530 VI#YFU~CFIUI l 

SI#DERIVFIUil 
540 IF( ~I - 2 l 57:J,57:J,545 
Sit-S tiSTEPII.ARSFIUI-UIPl . 
SSO IFI USTEP- PUSTEP I 555,884,834 
SSS PUSTEPWSTEP 

ASTEP#ABSFIAC*SI-BCl 
560 IF( AST'i:P-PASTEP l 565,885,<385 
565 PASTEPHSTEP 
~70 F4#SORTFCI.+SI*SII 

UIPIIUI 
AC Pll AC 
BCP#BC 
AC#I ./F4 
RCNSI/F4 
F.3#6.*A*UI+B2 

580 IFI F3 l 6~:J,59J,6JJ 
5q0 DU#I IUP-UI l+SI*IVP-VIIl/F4 

UIIIUI+i1U 
USTF.DIIABSFI DUI 
GO TO 545 

600 F3#1F4**3l/F3 
UCNU I-BC*I=3 
VC#VI+AC*F3 

620 1\li#NI+I 
IF( Nl- lOCI I 42J,64Ll,640 

6~0 ~Rll~ UUI~UI TAPE IOUTAP, IOJO 
1000 FOR~ATC.33HJTABLI~E ~OUTII\IE QID NOT CONVERGE! 

GO TO 820 
aoo IFI nr-2. 1 Blo.aos.~IO 

43 
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805 W~ITE OUTPUT TAPE IOUTAP,IU~2 
1002 FORMATI26HJCUBICR FAILED TO CONVERGE! 

~0 TO B2J 
810 CALL TABDIR (N,J,Oil 

IFI ~ l .5J,82U,50 
820 WRITE OUTPUT TAPE IOUTAP,IQJI 

IOQI FORMATII9HJTAB LINE NOT FOU~Dl 

830 JSUBERIII 
GO TO 999 

88C A2NAC 
B211B C 
IDII3H2 
GO TO 89J 

894 101 I 31111 
885 A2#ACP 

B2#BCP 
UI#UIP 
V lilY FUNCF I U I I 

890 D2#A2*UP+B2*VP 
900 DEFANSIIl¥ A2*FI - B2*F2 

DEFANSI2l# A2*FI + A2*F2 
DEFANS(.'Sl/1 O. 
OEFANSI41# 02 + DEFANSIIl*~INl + DEFANS12l*DIN+I l 

910 IF( DEFANSI4l l 920,999,999 
920 DEFANSI I l #-DE FANS (I l 

DEFANSC2JI#-DEFANSI2l 
DEFANSC4lii-CEFANSI41 

C 999 RETURN 
999 101 I li#NI 

Dll_lliiUI 
Dl12lNVI 
RETURN 
END 
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APPEN.DIX C 

INPUT DATA DESCRIPTION 

The APT vocabulary which is recognized by the ROCOGA postprocessor from 
the created CLDATA file is l.isted in Table C-1. 

In addition, two simultaneous TA BCYL •s must be defined or created by the 
APT program and system macro. Figures C-1 and C-2 show general flow
charts of the APT program and system macro, respectively. 

CYCLE/ 
SWEEP 

yes 

CALL 

\ NSPROC I 

START 
UP 

PARAMETERS 

SELECT 
NEXT 

SECTION 

no 

no 

FEED 

no 

es 

RATE yes 

~1.•\I'IG;-

~/ 

LAST 
SECTION 

? 

STOP or 
OP STOP 

NEW 
FEED 
RATE 

Figure C-1. APT PROGRAM FLOW CHART. 

yes 
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... :;. 

Table C-1 

APT VOCABULARY 

T APENO string CUTTER/n 

SPINDL/n CYCLE/SWEEP, n 

FEDRAT/n CYCLE/OFF 

SEQNQ/n, INCR, n2 FIN I 

OPSTOP 

STOP 

REWIND 

END 
' 

.NSPECT/. {;>F~.} 

no 

LINTOL/n 

ENTER 

SET 
MACRO 

VARIABLES 

SELECT 
NEXT POINT 

CALCULATE 
INNER RADIUS 

INNER NORMAL 
OUTER RADIUS 

OUTER NORMAL 

GOTO/G, Rl, Nl, RO, NO, 0 

Figure C:-2. SYSTEM MACRO. 
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APPENDIX D 

DATA FORMS 

The part programmer may assign startup parameters for spindle control, tilt 
rate, tolerance, and gage ball size by filling in the blanks on a standardized 
program first page (see Figure D-1). The offsets (designated XOF, YOF, XIF, 
and YIF on the standard first page) are specified to locate the data origin with 
respect to the inner and outer contours. 

The part is defined in the us~al manner, except when defining a TABCYL where 
a choice of preprinted forms is available (ie, Figures D-2 and D-3). Two types 
are furnished to allow the part programmer to define the points to be used in 
either the X-Y or R-a coordinate systems. Figure D-4 shows the form used 
to define the TABCYL for the inside contour. 

All blanks must be filled, but dummy values can be assigned to any points not 
required in the TABCYL definition. Only the partof the TABCYL to be inspected 
needs to be defined. Here, again, the part programmer may make use of a pre
printed form and cross off any point not required. After the part programmer 
decides if data points are desired and determines the proper path to be trav
ersed, the NSPROC macro is called. Following decisions concerning feedrate 
changes and stops, and after all sections of the contour have been inspected, a 
CL TAPE is written. 
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TAPENQ! 
CHARGE 

MESSAG 

MESSAG 

MESSAG 

UCN•IIIO 
tiZ 1 1•081 

Piepo_rad by _____ _ 0~•·-----• UNION CARBIDE CORPORATION • NUCLEAR DIVISION 

NUMER!CAL CONTROL MANUSCRIPT Checked by ______ Dote _____ Page No._
7
_

7
1 __ 

7
_
8

_ 

LINE _NO. 
6 7 8 ,. 7279 80 

oi 

= 02 

03 

BALL d) DIA (i) ffi REO ffi (i) REQTR (i) 04 

WR (i) (i) BLDG (i) ffi CHECKED (i) BY (i) OS 

< 06 

MACHIN/ INSP R0C0GA 07 

Q!PTI0N/30 3 08 

SEQ}IQ! /1, !NCR 1 09 

MULTAX 10 

CUTTER/ II 

SPINDL/ 12 

FEDRAT/ 13 

LINT0L/ 14 

CLFRNT IS 

16 

SYK/P PQ!INT L LINE c CIRCLE AA ATANGL PL PARLEL S 17 

XS X SMALL XL XLARGE YS YSMALL YL YT.ARGE 18 

WP0·= P/ 19 

X0F = 20 

YQ!F = 21 

XIF = 22 

Yi:F = -· 23 .. 
MQ! = MATRIX/TRANSL X0F YQ!F 0 24 

Ml = MATRIX/TRANSL XIF YIF 0 2S 

Figure D-1. STANDARD FIRST-PAGE FORM. 
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UC:N•I!IIO 
IU 11·«!11 

6 7 B 

• 
REFSYS/MI 

WPTI 0 

WPTI 2 

WPTI 4 

WPTI 6 

WPTI 8 

WPTI 10 

WPTI 12 

WPTI 14 

WPTI 16 

WPTI 18 

WPTI 20 

=· 

= 

= 

= 

= 

= 

= 

= 

= 

= 

UNION CARBIDE CORPORATION • NUCLEAR DIVISION 

NUMERICAL CONTROL MANUSCRIPT 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

P0INT/ ' 

Pre;:,ared by _____ _ 

Checked by _____ _ 

Figure D-2. X-Y TABCYL DATA FORM FOR INSIDE CONTOUR. 

Date ____ _ 

Date _____ Page No._
7
_

7 
__ 

7
_
8

_ 

LINE NO. 
7279 110 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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UCN•IIIID 
112 11·0!1 

6 7 8 

• 
REFSYS/M~ 

WPT~ 0 

WPTo11 2 

WPT~ 4 

WPT~ 6 

WPT(ol 8 

WPT0 10 

WPT0 12 

WPTQ! 14 

WPT0 16 

WPT~ 18 

WPT~ 20 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

Prepared by _____ _ Dote ____ _ 

UNION CARBI\)E CORPORATION • NUClEAR DIVISION 

NUMERICAL CONTROL MANUSCRIPT Checked by ______ Date _____ Page No._
7
_

7 
__ 

7
_
8

_ 

LINE NO. 
72 79 80 

01 

02 .. 
03 

P~INT/RTHETA, XYPLAN, ' 0 04 

OS 

P~INT/RTHETA,XYPLAN, 
' 

2 06 

07 

P~INT/RTHETA,XYPLAN, ' 4 08 

09 

P~INT/RTHETA,XYPLAN, 
' 6 10 

II 

P~INT/RTHETA,XYPLAN, ' 8 12 

13 

P~INT/RTHETA,XYPLAN, 
' 

10 14 

15 

P~INT/RTHETA,XYPLAN, 
' 

12 16 

17 

P~INT/RTHETA,XYPLAN, 
' 

14 18 

19 

P~INT/RTHETA,XYPLAN, ' 16 20 

21 

P~INT/RTHETA,XYPLAN, ' 18 22 

23 

P0INT/RTHETA,XYPLAN, 
' 20 ' 24 

25" 

Figure D-3 .. R-THETA TABCYL DATA FORM FOR.OUTSIDE CONTOUR. 

01 
0 
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IC 

UCN•1181J 
112 , ••• ,, 

6 7 8 

• UNION CA~BIDE CORPORATION • NUCLEAR OIV SIDN 

NUMERICAL CONTROL MANUSCRIPT 

TABCYL/N0i! SPLINE $ 

WPTIO WPTI< WPTI4 WPTI6 WPTI8 WPTllO S 

WPTI12 WPT114 WPTI16 WPTI18 WPTI20 WPTI22. $ 

WPTI24 WPTl26 WPTI28 WPTI30 WPTI32 WPTI34 $ 

WPTI36 WPT:38 WPTI40 WPTI42 WPTI44 WPTI46 $ 

WPTI48 WPTISO WPTIS2 WPTI54 WPTIS6 WPTI58 $ 

WPTi60 WPTl62 WPTI64 WPTI66 WPTI68 WPTI70 _S_ 

WPTI72 WPTI74 WPTI76 WPTI78 WPTIBO WPTI82 $ 

WPTI84 WPTI86 WPTI83 WPTI90 

.. 

Ptepared by _____ _ Date ____ _ 

Checked by __ ___c ___ Date _____ Page Na._
7
_

7 
__ 

7
_
8

_ 

LINE NO. 
7279 80 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15" 

16 

- . 17 

18 

19 

20 

21 

22 

23 

24 

• 25 

Figure D-4. TABCYL DEFINITION FORM FOP. INSIDE CONTOUR. 
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APPENDIX E 

NSPROC- SYSTEM MACRO 

NSPROC generates fo~ the CL TAPE the radial distances from .the origin to 
both inner and outer contours at specified angles plus the normals to the curves 
at those angles. The call statement format is: CALL/NSPROC,WCIN == __ , 
W":~SPI ==_._, WCOUT == __ , WNSPO== __ , $WSTA==_._, WENA==--, 
WDELA == __ , WXX == XLARGE, WYY == YLARGE 

where: 

WCIN == Variable name of previously defined inner surface. 

WNSPI == Variable name. representing type of inner contourJb) 

WCOUT == Variable name of previously defined outer surface. 

WNSPO == Variable name representing type of outer ·contour.(b) 

WSTA == Variable name of first an!;Jie to be used for calculations. 

(b) Re: WNSPI, WNSPO - The variable name representing the type of contour in 
this unique system macro actually sets up a subroutine which is.a macro 
within a macro. All variables to the inner macro are preset in the general 
macro. Therefore, the programmer.need.not be concernedwith the workings 
of the ·subr:outines. Permissible modifiers for WNSPI and WNSPO are: 
NSPT, NSPLN, NSPCR, NSPCN, NSPTBI, and.NSPTBO, defined as: 

NSPT selects the point subroutine. 

NSPLN selects the line s·ubroutine. 

NSPC R selects the circle subroutine. 

NSPCN selects the quadric subroutine. 

NSPTBI selects the inner TABCYL subroutine. 

NSPTBO selects the outer TABCYL subroutine. 
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WENA = Variable name of last angle to be used for calculations. 

WDELA = Variable name of angle increment to be used for calculations. 

WXX = Variable name to designate type of intersection between radial 
line and contour up to 45 degrees. Permissible mo~ifiers are 
XLARGE and XSMALL. The normal setting is XLARGE. 

WYY = Variable name to designate type intersection between radial 

EXAMPLE: 

y 

line and contour from 45 to 90 degrees. Permissible modifiers 
are YLARGE and YSMALL. The normal setting is YLARGE. 

. CALL/NSPROC,WCIN = IC,WNSPI = NSPCR,$ 

WCOUT = OC,WNSPO = NSPCN,WSTA = 30,$ 

WENA = 60,WDELA = 10 

Execution of the macro by the call statement in the preceding example would 
output data in the form: 

GO T0/9 ,RI,NI,RO ,NO ,0 

at lO_;degree intervals for a part that is a surface of revolution ubout th~ Y u;.i::. 
and has a spherical surface on the inside and an elliptical surface on the outside 
within the areo between 30 and 60 degrees. 
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The direc.tion ·of. inspec.tion is optional, A. negative V'/DELA angle will inspect 
from pole to equator, A new call statement is required each time either contour 
change:s types, • 

The. listing of NSPROC is as follows: 

TAPENO ROCOGA REPORT LIST WRH 
SS ROCOGA SYSTEM MACROS 
1\.SPLN IIMACRO/WC.oWRoWN'oWXoWY oi!ITHT 

. W~MLNTHFIIVECTOR/(POINT/OoOto(POINT/S 

INTOf,(lJNE/IPOINT/OoOloATANGLoS 
· WTHT t, WC i t f 
WNtANGlf(ILINE/IPOINT/INTOfoS 
(LlNE/IPOINT/OoOloATANGloWTHTloWCt.PERPTO,WCit 
TERMAC 

NSPCR IHACRO/WCoWR.WN oWXoWY .wTHT 
lf(WTHT-45tWCR1oWCR1oWCR2 

WCR1t WRIILNTHf((VECTOR/(POINT/OoOloS 
IPOINT/WXolNTOfoiLINE/S 
IPOINT/O,OloATANGloWTHTtoWCttt 
WNIANGlfl CLINE/ (POINT /CENTER, S 
WCloiPOINT/WXolNTOFolliNE/S 
IPOINT/O.OloATANGloWTHTloWCttt 
JUHPTO/WCR3 

WCR2t WRILNTHFIIVECTOR/(POINT/OoOtoS 

WCR3 I 
.CR4t 
WCR6A I 
WCR 5 I 

IPOINT/WY.INTOf,(LlNEIS 
IPOINT/O,OloATANGloWTHTt~WCttt 

wNtANGLFIILINE/IPOINT/CENTERoS 
WClo(POINT/WYolNTOFoiLINE/S 
IPOINT/O,Ot oATANGLoWTHTt oWCt t t 
lf(WNIWCR7oWCR7oWCR4 
lf(WN-180tWCRbAoWCR5oWCR7 
lF(WN-100tWCR7oWCR7oWCR6 
WNtO 
JUHPTO/WC.R7 

~Rbt WNMWN-180 
WCR7 t CLPRNT 

TERMAC. 
1\.SPCN #HACRO/WCoWRoWNoWXoWY oWTHT 

lf(WTHT-451WCNloWCNl.oWCN~ 
wCN11 WRtlNTHF((VECTOR/(POINT/OoOtoS 

IPOINT/WXoiNTOFolliNE/S 
IPOINT/O.ot.ATANGloWTHTioWCtll 
OBTAINoPOINT/IPOINT/WX,S 
INTQf,(LINE/IPOINT/O,OtoATANGL.S 
W TH T I • WC.I , W X 1 • WYl 
JUHPTO/WCN3 

loiCN21 WR.lNTHFIIVECTOR/(POINT/OoOioS 
IPOINT/WYolNTOf,(llNE/S 
IPOINT/O,OioATANGLoWTHTioWC.ttl 
OBTAIN,POINT/IPOINT/WY,S 
INTOf,(LINE/IPOINT/OoOloATANGL,S 
WTHTioWCioWXloWYl 

lliCN31 08 T A IN, OADR I C/WC. lOA • WB, • WOo •, WH • WP.WQ, 
wN#ATANFI IW8*WYl+i2*WHt*WXl+(S 
2*WQti/(WA*WX1+12*WHI*WYl+IS 
2*WPIII 
lfiWTHT-451WCN4oWCN4oWCN6 

WCN41 IFI WNI WCN9o WCN5 oWCN9 
lliCN51 WN#O 

JUMPTO/WCN9 . 
liCNbl IF(WNIWCN8oWCN7oWCN9 
lliCN71 wN.90 

JUMPTO/IoCN9 

00000010 
00000060 
00000070 
00000080 
00000090 
00000100 
00000110 
00000120 
00000130 
0)000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
0()000250 
00000260 
00000270 
00000280 
00000292 
00000294 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
,0:>0003 70 
00000380 
0.0000390 
00000400 
00000410 
00000420 
00000430 
00(,)00440 
0)000450 
()0000460 
00000470 
00000480 
00000490 
oo·ooo5oo 
00000510 
00000520 
0)000530 
00000540 
00000550 
00000560 

. 00000,570 
00000580 
00000590 

·ooooo6oo 
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WCN81 WNM180+WN 
WCNq) CLPRNT 

TERMAC 
NSPTSOMMACRO/WC.WR.WN.WX.WY .wTHT 

WPTfPOINT/CANON.O~O.O 
OSTAIN.POINT/WPT084.WX084.WY084 
OSTAIN.POINT!WPT072.WX072.WY072 
OBTAIN.POINT/WPTOoO.WX060.WY060 

·08TAIN.POINT/WPT048.WX048.WY048 
OBTAIN.POINT/kPT036.WX03o.WY036 
OBTAIN.POINT/WPT024.WX024.WY024 
OBTAIN.POINT/WPT012.WX012.WY012 
DSTAIN.POINT/WPTOO.WXOOoWYOO 
lfiiANGLFIIVECTOR/WPO.WPT078IIl-WTHTlWT01oWT02oWTJ2 

WT011 WPT#POINT/WPT.CANON.WX084.WY084 
JUMPTO/WT016 

WT021 IFIIANGLFIIVECTOR/WPO.WPT066Ili-WTHTIWT03.WT04oWTJ4 
WT031 WPTfPOINT/WPT.CANON.wX072.WY072 

JUMP TO/ wT016 
WT041 IFIIANGLFIIVECTOR/WPOoWPT05411l-WTHTIWT05oWT06.WTOb 
WT05) WPT#POINT/WPT.CANONoWX060oWY060 

JUMPTO/IoT016 
WT06l IFIIANGLFIIVECTOR/WPOoWPT042111-WTHTIWT07.WT08oWT08 
wT071 WPT#POINT/WPT.CANONoWX048.WY048 

JUMPTO/WT016 
•T081 lfiiANGlfiiVECTOR/WPO,WPT030111-WTHTIWT09,WT010•WT010 
WTQq) WPT#POINT/WPToCANON.WX036oWY036 

JUMPTO/WT016 
WTOlOl IFIIANGLFIIVECTOR/WPO.WPT018lii-WTHTIWT01loWT012.WT012 
wTOlll WPT#POINT/WPT.CANJN.wX024.WY024 

JUMPTO/WT016 
WT0121 IFIIANGLFIIVECTOR/WPOoWPT0611l-WTHTIWT013.WTOl4oWT014 
WT013l WPT#POINT/WPT.CANDN.WXOl2oWY012 

JUMI'lO/WTOlb 
WT0141 WPT#POINT/WPT.CANON.WXOOoWYOO 
WT01bl WR#LNTHFIIVECTOR/IPOINT/0.01 .IPOINT/S 

INTOF.ILINE/IPOINT/O.OioATANGloS 
WTHTI.WC oWPTII I 
WN#ANGLFIILINE/IPOINT/INTOF.S 
ILIN~/IPOINT/O.OioATANGloWTHTI.S 

WCoWPTI.PERPTO.wC.WPTII 
T ERMAC 

NSPTBI#MACRO/WC.wR.WNoWXoWY .WTHT 
WPTMPOINT/CANONoOoOoO 
ORTAIN.POINT/WPT184oWXl84oWYI84 
06TAINoPOINT/WPT172.WXI72oWYl72 
OBTAIN.POINT/WPTI60oWXI60.WYI60 
OBTAIN.PUINT/WPfl48oWXI48oWYI48 
OBTAIN.POINT/WPT136,WXI'6•WYI36 
ORTAINoPOINT/WPT124oWXI24oWYI24 
URTAIN.POINT/WPTI12.WXI12.WYI12 
OSTAIN.POINT/WPTIOoWXIOoWYIO 
tFIIANGLfiiVECTOR/WPO.wPTI7811l-WTHTIWTil.WTI2.WTI2 

WTlll WPT#POINT/WPT.CANON.WXl84oWY184 
JUMPTO/WTI16 

WTI21 lfiiANGlfiiVECTOR/WPO.WPTI661 II-WTHTIWTI3.WTI4.WTI4 
WTI31 WPT#POINT/WPT.CANON.WXI72.WYI72 

JUMPTO/WT 116 
WTI41 lfiiANGLFIIVECf0A/~PO.WP11~4111-WTHTIWTl5.WTI6•WTl6 
WTI51 WPT#POINT/WPT.CANON.WXI60oWYI60 

.. IIIMPTO/WTllo 
WTiol lfiiANGLfCIVECTOR/~PO.wPTI4211l-WTHTIWTl1.WTI8oWTI8 
~TI7l WPT#POINT/WPT.CANON,WX148.WYI48 

JUMPTO/WTI16 
WTf81 lfiiANGLFIIVECTOR/WPQ,WPTI30lii-WTHTIWTI9.WTI10oWTllO 
WTI91 wpTjPoiNT/wPT.tANUN.WXi~b.Wii~o 

JUMPTl)/~Tflt;. 

WTilOI lfiiANGLfiCVECTOR/WPO.WPT1181ll-WTHTIWTI11.WT112.~TI12 
WTilll WPT#POINT/WPT.CANON.WXI24.WYI24 

,lUMP TO/ WT 11 b 
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0()000610 
00000620 
00000630 
0()000640 
00000641 
00000642 
00000643 
00000644 
00000645 
00000646 
00000647 
00000648 
00000649 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
OJ000110 
00000720 
00000730 
00000740 
0()000750 
00000760 
00000770 
00000780 
0()000790 
00000800 
00000810 
00000820 
00000830 
00000840 
00000850 
00000860 
OJ000870 
00000880 
00000890 
00000900 
ooooono 
0()000920 
0()000930 
00000940 
OJ000~41 

00000942 
00000943 
00000944 
00000945 
OJ000946 
00000947 
00000948 
0000094q 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
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' WTl121 lF(CANGlFCCVECTOR/WPOoWPTlbJII-WTHTJWTl13oWTl14oWTll4 
WTI131 WPTIIIPOINT/WPT.CANONoWXl12oWYI12 

JUMP TO/lilT 116 
WTI14J· WPTMPOINT/WPToCANONoWXIOoWYlO 
WTil bl 'WRIIILNTHFC (VECTOR/ CPOINT/OoOI • (POINT/$ 

INTOFoCliNE/CPOINT/OoOJoATANGlo$ 
WTHTI·.wc oWPTII I 
WNMANGlfi(LlNE/CPOINT/INTOFo$ 

. Cll~I/IPOlNT/OoOI.ATANGloWTHTio$ 
WCoWPTI.PERPTOoWCoWPTII 
TE.RMAC 

~SPROCIIIMACRO/WCINoWNSPloWCOUToWNSPOoWSTAo$ 
WENAoWDELA.WXX.XLARGEoWYYMYLARGE 
WTHTMIIIWSTA 

WRC't I CALL/WNSPO • WC MWCOUT • WRIIIWROoWNifWNOo $ 
WXIIIWXXoWYMWYYoWTHTMWTHTM 
CALL/WNSPloWCaiWClNoWR'MWRloWNMWNlo$. 
WXIIIWXX.WYMWYYoWTHTifl!lTHTM 
GOTO/WTHTMoWRloWNloWROoW~O,O 
wTHTM#WTHTM+WDELA 
IFIWENA-WSTAIWRC3oWRC4oWRC2 

WRC21 IFIWENA-WTHTMIWRC4oWRC1,WRC1 
WRC 3) IF I W THTM- WENA I WRC4 oWRCl, WRCl 
WRC4,1 CLPRNT 

TEI<MAC 

} . 

00001130 
.. 00001140 
0:>001150 

. 00001160 
00001170 
00001180 
00001190 
00001200 
ooooi21o 
00001220 
0:>001230 
00001240 
00001250 
ooooi2bo 
00001276· 

. 0:>0012 80 
00001290 
00001300 

. 00001310 
00001320 
00001330 
00001340 
00001350 
OQ001lb0 
00001 HO 




