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SCOPE AND COHTENTS: A feasibility study has been made on computer-

ized drafting. In this study a system was developed for computer-
izing the production of isometric piping drawings. The software
developed for this systen is described in detail and computer pro-
gramne listings included.

A comparison between the syster. develoved by
the author and a similar system independently developed by the
Sun 0il Company has also been made., Recommendations are given
for extensions to the system to include the computerized produc-
tion of material list and narts requisitioning.

.The cormputerized production of isometric pir-
ing drawings was found to be competitive in cost with, and as

easy to read as manually produced isometric piping drawinrs,
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automated production of isometric piping drawings was found to have re-
petitive &rawing procedure and at the same time by-passed the hidden line
problem., This project also presented the general drafting problens of
scaling, dimensioning and locating, For these reasons, the field of iso-

metric piping drawings wes chosen to study computerized drafting.









satisfactorily. It required, however, .a large amount of storage, in-
creased the plotter time quite considerably,.and did not add eppreciably
i

to the clarity of the computer produced drawings. For these reasons,
this st-progranme was deleted,

Anothér problem encountered was that of dimensioning the draw-
ings. Since the drawing of dimension lines is a repetitive procedure,
the posgibility of doing this automatically %as exﬁlored. .A typical

dimension line for dimensidéning the line AB is shown in Figure 1.

Fipgure 1. Typical Dimension Line

The generation of these lines can be prograrmed provided the fol-
lowing information is known: the points A and B vhich are the starting
points of the dimensioning, the plane of the dimensioning and the side
of AB on which the dimensioning is to occur. The points A and B afe nere-~ -
ly the end points of the line or syrbol to be dimensioned. The logic has

been built into the prorrarme to automatically store the coordinates of
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Fipure 3

Flow Chart for Generatines Isoretric

Pipine Dravines by Corputer Gravhics -

Engineering Drawing

Input

!

J

Draftsman

Sheet

Key Punch Operator

Input Data on Punch Cards

\

Conficsuration Generator
(Computer Prograrre)

Punch Cards Containing x,v,z, Coordinates
of Line Segment End-points of Line
Drawing and Dimensionins Information

{

Draft (Computer Prograrme)
Rotates x,r,z, Coordinates
_into Isometric Form

Magnetic Tape Containing
Plotter Instructions

EAI 3500 Plotter

Isometric Draving
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(iv) Outnut Section - During reneration of the main lines, symbols, di-

mension lines and alphameric data, the computer was set up to allow se-
parate storapge for each type of drawing operation. This involved allott-
ing six storage regions (see Appendix B,5 for a fuller description of the
storage). During output, all the stored data is punched out on cards,
one section at -a time, with the necessary plotter control cards automati-
cally included.

This system of storage and output was chosen to keep the numter
of pen and plotter mode changes to a minimum during the drafting opera-

tion. For a full description of the output phase of the Configuration

Cenerator Prograrme, see Appendix B,T.



V__ MODIFICATIONE TO THL PROCPAME DRAFT

The progremre DRAFT was an IB!M 7094 programrme written by the
Grumman Aircraft Corvoration [3] for producing perspective drawinss with
a CALCOMP digital plotter. This programme had to be modified: (1) to be
compatible with the Mclaster University IB!f TOLO computer, (2) for pro-
ducing drawings with an EAT 3500 digital plotter, and (3) for producing
projected isometric drawings rather than perspective drawings.

The logic used in the programme DRAFT wvas to read in three-
dimensional coordinates representing a2 three-dimensionel object, rotate
the object throuch any angle or angles desired, and project it onto two
dimensions. These two-dimensional points were then plotted with straignht
lines drewn between them to revmresent a two-dimensional picture of the
three-dimensional qQbject.

The modifications which were made to the propraririe DRAFT are de-’

scribed in Appendix C.2.

1k
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IBM 360 computer and the same IBM 1627 plotter. Here the plotter would
still be on-line, but throush multipropramnming (simultaneous peripheral
operations on-line) other prosrammes could be run co-currently. The rain
limitation of the IBM 1627 plotter compared to the EAI 3500 plotter is
the one-pen output capability. With the FAT 3500 plotter, a choice of
eight pens is available upon user's cormand as well as a U8 character
printer and a more Qersatile subroutine (SCRIBE) for vlotting alphameric
information,

The main difference in operation between the two systems is that
with the Sun 0il system the operator must choose the particular isometric
view to be ﬁsed for each symbol and manually choose each line to be drawm
in dimensioning. With the systenm described in this report, however, the
programme autonatically performs the dimensionine and rotates the model
after it has been generated. Also, all the labeling performed on the Sun
0il drawingsAcoﬁld bnly be done either horizontally or vertically, while:
with our system, the labeling could be done in the isometric plarnes.

Inherent in the two systems, the Sun 0il Company systerm will be
faster, thus less costly in cormputer and plotter time, while our systenm

will require less input data and produce more easily read drewings (con-

pare Figures U and 5).
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Pipe line in

A
non coordinate .
direction -

Note trianmulation
3 including dimensioning

. it Teendeim~d W Cwetem Described in this Report
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Figure 5, Isometric Pipine Drawing Produced by the
Sun 0il Co., Autorated Draftins Systen






Operations

tlurber

Symbol for Unscaled Trianpulation
Perfoimed .o Line Direction Sealed Lenrth Plane Welded Joint Lenrth Sirnal
hid KVAL I ASIGN FEET AINCH ANUM DENOM J SIG DOT DIST MTRI
1 1 1 +1 2 2 +1
1 2 2 +1 18 h 3 b 1 +1
2 3 3 +1 5 6 5 16 3 +1
1 Y 1 +1 10 10 1 2 2 -1
1 5 3 +1 h 15 16 2 -1
1 2 +1 3 h 1 +1 1
1 6 h +1 15 T 2 +1
1 1 2 -l 11 11 1 h 1 +1
1 8 3 +1 T 10 5 16 2 +1
1 9 1 +1 10 10 1 2 2 -1
1 3 +1 h 15 16 2 -1
1 10 2 +1 3 h 1 +1 1
1 n 1l +1 15 . T 2 +1
'l 10 1 -1 2 2 +1
I 2 2 +1 1
4 T 2 =1 1
3 3 3 +1 1 ki 2 +1
3 8 3 +1 1 T 2 +1
2 2 2 +1 121 11 1 h
2 L 1l +1 127 5 5 16 2 -1 1
2 6 1l +1 127 9 5 8 2 +1 12
2 9 1 +1 129 9 5 16 2 -1
2 11 1 +1 130 1 5 a 2 +1 8

Table 2. Tnput Required for

Producing Fipgure U,

07



VIII CONCLUSIONS

The method of producing computerized isometric piping dravings,
described in this thesis, was found to be quite attractive from an econ-
omic point of view (see Table 1). The drawings produced, as shown in
Figure kL, are nearly as easy to read as manuélly produced drawines [7].
With the present situation of shortarse of skilled labour, the computer-
ized production of isormetric piping drawings is a quite attractive nro-
position. A fuller potential can be realized by computerizings the pro-
duction of the material list and of the requisitioning, thus eliminating
more time consurming, error prone human operations.

The feasibility study has ;hown that it is possible to econorically

produce isometric piping drawings via the computer-plotter.

21



IX RECOMMENDATIOIIS

The computerized drafting system fbr producing isormetric pipning
drawings, described in this report, is by no means complete. As stated
in the introduction, operations which are repetitive in nature are easily
adanpted to automated pfocedure and inherently have the greatest potential
for being economically Jjustified,

Two such operations, which the author has not included due to
lack of time, are those of automating the production of the raterial list
and parts requisitioning. These could easily be incorporated in the pre-
sent Confipuration Generator Prograrme and printed out on the final draw-
ing., A fuller description is given in Appendix D.

Another developrient which would increase the versatility of the
Configuration ngerator Programme would be a rotational subroutine for
generating the built-in syrbols and dimensioning in other than coordinatd
directions, At the present stage of develooment, the prograrme can gen-
erate main lines in other than coordinate directions by trianeulation,

If whole sections of piping appear in non-coordinate directions, they
cannot be handled by the present system. A fuller description of this

subroutine is given in Appenqix E.

22
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A characteristic_of the drawing procedure, because of the sequence of in-
put of the data, was that the circumferential lines Pl, P2, P3, and Rl,

R2’ R_ and Rh vere always drawn in the same direction. As seen from

3
Figure 6(i), the line R3, Rh’ Rl is hidden and should therefore be removed
when P2 has a smaller y-coordinate than a straight line between Pl and

P This logic was chosen for the autormatic removal of the hidden line.

3'
This experiment on hidden line removal worked quite well in this

simple case, but at the same time it pointed out the complexity involved

in the automatic removal of hidden lines in the general case, For this

reason a project was chosen where the automatic removal of hidden lines

was not required,



. R3 P3
R2 P2
Rl P1
->
Positive ¥ Direction
R P
3 3
Rh R2
Rl N Pl

Figure 6. Experiment on Automatic Reroval of llidden Lines
(i) Rocket at Anrle Out of Paver and (ii) Rocket
at Anrle into Paper .
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"Figure T. Positive Isometric Directions

T J
J
V\
[ 1 11 0.9 . ‘}0.6
_ 12 —— /

1 ="

|

Figure 8., Two Typical Piping Symbols Encountered Showing their
Relative Dimensions. The Dizasrams show a Flanged CGlobe
Valve and a Reducer, Respectively.
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each pair of rows defines a line. The starting point of the first line
is given the coordinates (0, O, 0). The first line length is then added

to these coordinates by the statements:

A(I,K)

= A(I,K-1)+ASIGN%(FEET+(AINCH+ANUM/DEIIOM)/12,)
A(J,K) = A(J,K-1)
A(L,K) = A(L,K-1)

The end point of this line is then taken as the starting point
of ‘the next line unless a different line is indicated by XVAL. Because
two end points define a line, the line's index will be twice KVAL. The

folloving statements code this logic in Fortran:

IF (KVAL.LT.1) GO TO 80

N = KVAL*2
A(1,k-1) = A(1,M)

A(2,k-1) = A(2,N) ‘
A(3,K-1) = A(3,N)

GO TO 90

80 IF (K.E0.2) GO TO 90

A(L,k-1) = A(1,K-2)

A(2,K-1) = A(2,k-2)

A(3,K-1) = A(3,Kk-2)
90 CONTINUE

The length of the line is then added to the prover coordinate
direction of the starting point to define its end pvoint. This procedure

is repeated for all the main lines generatine the skeleton of the drawine,
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IF (I.NE.1.AMD.JIE.1) L = 1
IF (I.NE.2.AMD.J.IE.2) L = 2
IF (I.NE.3.AND.J.ME.3) L = 3

After-all the main lines have been generated and stored in the A-
array, the various symbols can be inserted in these lines. The lines are
labeled sequentially ;n the order they are called, and thus in the order
they are generated. Eech line is defined by its two end-points and re-
quires two lines of storage in the A-array. Thus vhen the number o® the

line is called by KVAL, the index 'N' in the A-array is computed by:
N = KVAL%2

Thus the end-voints of the line in question will have the indices 'N' and

'N-1', In order to insert the symbol, the line is first shortened to the

length specified in DIST. Then a space, derending on the length necessary
for the pipiﬁe symbol, is left and the line continued to the previous ené-
point., Because the line occurs in the 'I' direction and the pining syr-

bol should be drawn in the 'I' direction, this is the only coorcéirate to

be affected in this step.

A(I,K) = A(I,N)
A(I,N) = A(I,N-1)+ASIGH#DIST
A(I,k-1) = A(I,N)+ASICN%(pipine syrmbol length)

This is shown graphically in Figure 9.
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A(I,N-1) A(I,N) A(T,N-1) A(T,M) A(I,K-1) A(I,K)

Figure 9, Removal of Section of Main Line for
Insertion of Piping Symbol

After this step, the piping symbol is generated, beginning at

the point A(I,N), A(T,N), A(L,N).

B.5 Storage in Configufation Cenerator Programme

The éperation of the Configuration Generator Prograrme is to gen-
erate data vhich can be interpreted to control the movements of the data-
plotter., For each card of input, all the data concerning that line or
symbol, dimension lines and dimensioning are generated. Different pens
and plotter ﬁodes must be chosen to draw these different lines. If the.
data were plotted in the same order it was generated, a large nurter of
plotter mode and pen changes would be necessary. Since these are time
consuming operations, the time involved would be unrgasonably long. For
this reason, it was decided to group the data according to different pens
and plotter modes. This was accomplished by defining six arrays for
storage purposes, one for each pen type and plotter mode type. After ren-
eration of the complete plot, each array is punched out. Since each ar-
ray involves one pen change and/or one plotter mode chanse, this infor-
mation must be transferred as well. This is done by automatically punch-
ing out a control card whose purpose is to choose the proper pen and plot-

ting mode in the plotting packare.






o

{

READ NN, KVAL, I, ASIGN, FEET, AINCH,

ANUM, DEI'OM, J, SIG, DOT, DIST

37

(2) Input Phase

L=1
L =2
I.NE.3 YES -
J.NE.3 — t=3
NO
)
VALUE OF MNIT
2 3 L 5 6 T 8
ne I Flangéd Flange Unflanged
ion : Globe Globe
—J Valve : Valve
1 ) j
VWirite Reducer Flow ‘ Printed ;
¢ ELEV Direction | Inforration
Figure 10, General Flow Chart for Confipuration Generator Proprarne



38

(generate main line)

g |
]
)

YFS A(I,K-1) A(I,r-2)
- =1 A(J,K-1) A(J,K-2)
A(L,K-1) A(L,K-2)
I
NO (set startines point of new

line at end of previous line)

"N = KVAL#2

A(I,K-1) = A(I,N) (set starting voint of new
A(J,k-1) = A(T,N) line at end of desired line
A(L,X-1) = A(L,N) labeled by KVAL)

-

; A(I,K)

= A(I,K-1)+ASICNs(FEET+(AINCH+ANUM/DENOM)/12.)
A(J,K) = A(J,K-1) i
A(L,K) = A(L,K-1) ;
3

(add length of line to find«
end-point)

AAA = A(I,K-1)

AAB = A(J,K-1)

AAC = A(L,K-1) (set end-points for dirmen-—
AAD = A(I,K) sioning)

AAE = A(J,K)

AAF = A(L,K)

—F———JE§L='<:::> (return to
beginning)
. (gmenerate dimensioning)

Figure 10(b) MMain Line Generation
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-

(v'rrite € ELEV FEET'ATINCH-ANUMY/
DEIIOM above line designated by

KVAL)
N = KVAL#2
c(I,Mm) = A(I,N)+ASIGH%DIST (find starting point of
c(g,mr) = A(J,N)+SIGx0.2 alphareric data)
c(L,Mi) = A(L,N) )

—

GO TO section of dimensioning and calculate:

c(L,My) = BSEANG (baseangle of lettering)
c(5,M1) = SLTANG (slant of characters)
IL(1,Mi) = FEET )
IL(2,M) = AINCH (store inforration to be written
IL(3,MI) = ANUM in IL array)
IL(L,M1) = DENOM

(return to beginning)

Figure 10(c) Flow Chart to Generate Instructions
for Plottine Alphameric Information



Lo

m o= 3,4,7 : (eenerate symbols for
flanged globe valve,
r______L______ ) reducer and globe valve,
respectively) '
N = KVALz#2
¥
A(I,K) = A(I,N)
A(I,N) = A(I,N~1)+ASIGN=DIST
A(I,K-1) = A(I,N)+ASIGN#(symbol length)

' . . (

AAA = A(I,N-1)

AAB = A(J,N=-1)

AAC = A(L,N-1) (set end-points for
AAD = A(I,H) dimensioning)

AAE = A(J,N)

AAF = A(L,N)

Y

Generate Symbol Beginning
at Coordinates
A(1,N)

. A(J,N)
A(L,N) .

B j(go to dirmensioning
section) :

(return to beginnin-<)

Figure 10(d) Flow Chart Showins Generation of
Flanged GClobe Valve, Reducer and
Globe Valve



AAA,AAB,AAC
IL(1,MI) = FEET
IL(2,MN) = AINCH
IL(3,MI) = ANUM
IL(L4,MY) = DENOM

L1

-

(dimensioning section)

(velues for these var-
iables set from pre-
vious sections)

(store information
to be written above
dimension line in
array IL)

-Compute C(4,MN) = BSEANC
c(5,Mm)

to control SCRIBE subroutine angles

SLTANG (see Section 6, Apvendix B)

Compute C(I,MY)
c(J )
c(L,M)
which are coordinates of starting
. point of SCRIBE data

(return to berinning)

Figure 10(e) Flow Chart of Dimensioning Section
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*_Array A
Starting points and end-points coordinates of main lines.
1 41 51
* - Y2 )
Array B

Same as array A for dimension lines,

. Arrax D

Coordinates of point where welding dot is to appear.

Array C

Contains the following information for SCRIBE: coordinates of

starting point of alphameric data, base angle of lettering and letter slant.

x1 yl zl BSEANG SLTANG
Array 1L .

5CRIBE information to appear in dimensioning,

Fraction of Inch

Feet Inches Ilumerator Denominator Control
Character
for PRINT
or SCRIBE

.lrray E

SCRIBE information for other labeling.

X1 ¥y Y ORIENT - 30 characters of alphameric data

Figure 11, Storage in Configuration Generator Prograrme
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B,6 Dimensioning

' As stated in the input sheet inétruciions, dimension lines and
dimensioning information will be generated if the variable SIG is other
than ﬁlank or zero. SIG indicates on vhich side of the line or symbol
the dimepsion lines are to be generated. The end-points of the line or

_symbol, whose length is to be dimensioned, must be stored in the com-
puter. This is done by labeling their coordinates as AAA,; AAB, AAC and
AAD, AAE,'AAF. After the dimension line coordinates have been generated,
thé starting point of the first character of the dimensioned information
must be computed. This is done by computing the centre of the dimension
liée and adding or subtracting predetermined lengths in the 'I' and 'J'
di;%ctions. The correct direction for the 'I' offset is labeled by ASIGIN

andfdetermined from the diagrams in Figure 12. The logic in Figure 12

an be coded in computer languare as:

ASIGN = +1. .
IF ((I.E0.1).0R.(I.E0.3)) ASIGH = -1,

c(I,mi) = (AAA + AAD)/2. + ASIGN#1.0

Similarly, the 'J' direction offset is labeled by SIG and is arain

determined from the diagrams of Figure 12, In computer leneuape, this

becomes ¢
SIG = +1,
IF ((I.EQ.1).AMD.(J.EQ.2)) SIG = -1,
IF ((I.EQ.2).AMD.(J.EQ.1)) SIG = -1,
IF ((I.E0.3).AMD.(J.F2.1)) SIG = -1,

c(J,Mn) = B(J,™) + SIC=0.1






BSEANG
SLTANG

BSEANG
SLTANG

BSEANG
SLTANG

90°
<30°F

Figure 12.

BSFANG
SLTANG

-30°
-30°

L5

BSFANG = +30°
SLTANG = +30°
m
. i
—
7 s
<§::$§
N A [\
]
7"
E
R
SIG = -;iffi\\\ N
/ é;;i:\\i:t
BSEANG = 90°
SLTANC = +30°

Dimensionins Variables









B.8 Definition of Variables and Fortran MNares

in Section 1 of this appendix.

ﬁseful to future users of this proprarme are listed below, 2loneg with a

L8

The description of variables read in as input data has been given

short description:

N

IX

IL

The coordinate which remains constant during the generation of any

line, piping symbol or dimensioning.

Array of main line and piping symbol coordinates. ZEach line con-
tains three coordinates (x, y, z) defining one point. Two rows of

storage are required for each line segment. Data in this array is

plotted using the medium width pen.

- Index of A-~array
Array of dimension line coordinates. Two rows of storace are re-

quired for each line segment. Data in this array is plotted using

the thin width pen.

Index of B-array

Other variables whose meaning mignt oe

Array of welding symbol coordinates., One row of storage defines

each welding dot.

Index of D-array

Arrey of data to be plotted by SCRIBE routine. Storare locations

contain coordinates of starting point, orientation of scribed in-

formation and thirty characters of information to be scrited.

Index of E-array

Array of starting coordinates, base anrle and character slant of

information to be plotted as dirensioning.

Array of length to be vlotted as labelinm of dirensionins.

Con-
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tains feet, inches, numerator and denonminator.

M1y Index of C-array and IL-array. Both arrays ere indexed simultan-

eously.
N .Index of beginning of branch line or beginning of piping symbol

from A-array. The value of this index is set to twice the value

of KVAL. .

SKIP Length of offset of dimension lines perpendicular to main line or

piping symbol.

DD Length of dimension line pervendicular to main line or piping
symbol.

v Length of valve to which its dimensions are proportioned.

AL Length of arrow used to indicate direction of flow of fluid in pipe.

B.9 Input Data Instructions

The sample input is shown in Table 2, and a description of input
data is given in Section 1 of this appendix. The data cards nmust be pun;

ched according to the Fortran forrat given telow:
Format (315,5F5.0,15,3F5.0,15)

To signal the end of data and cause the computer to enter the output phase
of this programme, a value of 9 must aprear in the first field of the date

card.
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i) WATFCR CU3711 PAULLS 060 o172 033
3J08 NODECK 51
BFTC CONFIG
DIMENSION A2, BLT)s B(25077)s  C(E9277)s IL(5s 132)s D(3,5CN)>
1E(9s50) .
T D01V I =1, 3
DO 10 J = 1y 5CUL
AlI»J) = Ce0
Bl(IsJd) = Lot
10 D(IsJ) = Ca? (set all the array locations
equal to zero)
CO 17 I = 195
DO 17 J = 1s 130
ClIsd) = o
17 IL(IsJ) = C
DO 18 I = 199
DO 18 J = 1s5C
18 E(IsJ) = 043
K =2 .
M= 2
MN = 1
LN = 1
IT =1
20" READ (53530) MNsKVAL»IsASIGMsFERTsATUCHAMUM sDENS s JsSIGHROTHRIST
1 4 MTRI - (read in one line of input data)
30 FORMAT (31I535F5e09 I532F5e0i2I5)

IF

IF
COMTROL

DEPENDING ON THE

(IONE."}OA\SDOJCN!’—.QB)

IS

TRANSFERRED TO

sy¥soL

W- IF (IeNEeleAMNDeJeMES1) L =1

(I eNEe2eAMDeJeNEL2) L = 2

L =

DESIREN.

3
THEZ CORRECT SFCTICH

(corpute value of constant coordirate)

OF THI CATALSAUF





KVAL.LT

92

10,16

LN = LN + 1 53
IF (MfRI.EQ.:) GC TO 92
B(IsM—=1) = A(IsX~-1)
B(JseM=1) = A(Js<-1)
(triangulation for non-coordinate
B(Lsi'=1) = A({LsZ-1) direction lines)
B(IsH) = AQI’K)
B(Js™) = A(JsX)
B{LsM) = A(LsX)
M= + 2
AAA = A(I:4X-1)
AAB = A(JsK—l)
AAC = A(l_,K—l) "(set startins coordinates for
! generating dirensionine)
AAD = A(I5K)
AAE = A{JﬁK)
AAF = (I_;9I<)
IF (MT I;LE-IJ cle FF o7
K =X - 2 °
All9X=1) = A(1,X-2)
A(2:K=1) = A(2,K=2)
A(39K=1) = A(3,X-2)
Al(l1s%) = A(1+K=+2)
A(2sK) = A(Z2,X+2)
A(3sX) = A(3+442)
K = K +
IF (SIGeENeLs) GO TO 20 (if line is not to be dirensioned,
return to statement 20)
DD=,246
SKIP = T.2
GO 70O 15C3
N = KVAL % 2



WRITE +C CLEV FEET' AINCH-ANUM/TEINOM

DO= 0.1
ClIs™N) = A(IsM=1) + (ASICGM*DIST)
TC 293

IF (IeEGe3)

GC
IF ((J1eSQel)eAMDe(Ja=Na2)} BD= DN
IF ((TeEQe2)eAMPa(JeaENe1)) LD= =30
+ DO

ClJdst'\ AlJsn=1)

IL C(LsMN) = A(LsXN-1)
| GC TO 1512
L2C IL(590M) = 2

MN = MN + 1

GO TO 2v

3,0 V =

GENERATE SYMECL FOR FLANGEU GLTZZ VaLve

AlJds¥=1) = A(Js)
AlJeX=1)

AlLsX=1) = A(LsN)

AlLsX) = AlLsL-1)
A(TIsX) = A(lsM)
AlTsN) = A(TI s M=-1) + ASIGM®DIST

A(TIsX=1) = A(IsM) HASIGM®VE],.23

AAA = A(Isi-1)
ARS = ALJsR-1)
| AAC = A(LsN-1)
" AAD = ACIsM)
AAE = ALJsN)
AAF = A(LsN)

ARQOVE

THE LIME 5)

(compute startins point coordinates
of labeling)

(length of valve)

(set startine coordirates for

generation of dirensioning)



ACT sK+1) A(IsN)

A(JsN) = V/4,

AlJs+]1)

A(Ls%X+1) A(LsN)

IF (DCT+EReTs) GO TO 21°C

D(IsLMN) = A(IsN)
D(JsLM) = A(JsM)
D(LsLM) = AlLsN)
LN = LN + 1
D(IsLM) = AlIsX-1)
D(JsLt) = A(Js¥-1)
DILsLN) = A(L9sX-1)
LN = LN + 1

310 ¢ = X + 2
Al(Is%) = AlIs%=1)
AlJsK) = AlJsX-1) + V/2.
A(LsK) = AlLsX-1)
ALTsK+1) = AlIsK) + ASIGN #V/g.
AlJsX+1) = A(JsX)
AlLsX+1) = A(LsX)
K =K + 2
AlTs%) = A(I»%=1) + ASIGYN % V
AlJsL) = A(Js¥X-1) - V/2.
A(L3X) = AlLsX-1)
AlTs%+1) = A(Is¥)
A(JsX+1) = AlJsX)
AlLsX+1) = A{L,z)
K =K + 2
AlT3%) = Al(IsX-1)
AlJsX) = AlJs2-1) + V/2.



AlLsX) = A(LsX-1)

AlTsX+1) = A(IsX)

A(JsX+1) = A(JsX)
AfLsX+1) = A(LsX)
K=K+ 2

AlTs) = a(IeX-1)
AlJsK) = A(Js¥-1)

Al(LsK) = A(L%=-1)

Al(I+sX+1) = A(IsK)
AlJs¥r+1) = A(J.XK)
A(Lsk+1) = A(LsX)
K=K + 2
ACTaK) = ALTs-1)
AlJe®) = Al(Js¥-1)
A({LsX) = A(L9%X-1)
AlTsK+1) = A(I+%)
| AlJsK+1) = A(JsX)
A(LsX+1) = A(Ly¥X)
K=K+ 2
AlTs%X) = A(l:K-1)
AlJesX) = AlJiX-1)
A(Ls¥) = AlLX-1)
K=K+ 2

400

IF (SIG.EN.".) 6C

DD =. 1.8
SKIP = (.t
GO TO 1:2G3

DIA1l = G,9

- ASTICGH

- V/2.

+ ASICN#®Y%141253

- V/2.

CGENZIRATE SYMEGL FOR =

%V

56



DIA2 = (o5
IF (KXVAL.3T.) GC TO £05
DIA1 = J.56
DIA2 = 3.9
TS5 N = ARS({XVAL)*Z
AAA = A(I;N—l)
AAS = A(JsN=1) (veginning coordinates of
dimensioning)
AAC = A(LsN-1)
AlJsK=1) = A(Jsn)
AlJsK) = Al(Js¥-1}

A(L’K"l) 9‘\(L’N)

AlLsK) = A(LsK-1)
A(IsX) = A(IsN)
AlTIsM) = AlLIsM=1) + ASIGN*DIET
AlTsX—=1) = A(IsM) +ASIGN®T,T72
AlTsK+1) = AlLIsN) |
AlJs%+1) = AlJsK)
AlLsXK+1) = AlLsX)
IF (DOTeZQe04) GO 'TO 410
DIIsLM) = A(Isi)
D(JsLN) = A(JsN)
DILsLNM) = A(LsN)
LM = LN + 1
DIISsLN) = A(Is%—1)
DIJsLM) = A(Js¥—-1)
DILsLN) = A(L,sx-1)
LN = LN + 1
410 K = K + 2
ARD = A(1,%~1)



AAE =
AAF =
A(I»X)
AlJaX)

A(LsX)

AlJs<L~-1)

Z(Loe%X~-1)

A(IsK-1)
'I.-.(JSK_].)

AlLsK-1)

+ DIAl/2.

A(IsX+1)
AlJsX+1)
A(Ls%X+1)

K =K +

AlIsX)

AlJsX)

AlLsX)

A(I»X+1)
A(JsK+1)
AlLsXK+1)

K =K +

A(TIsK)

AlJsX)

A(LsXK)
A(IsX+1)
A(JsK+1)
A(LsK+1)

K =K +

AlTsX)

AlJsK)

AlLs¥X)
AlJsX+1)
A(TI+X+1)

A(LsK+])

2

A

A

A
(£

2

h &3

I

(&)

"

1

2

&

A

A

A(T oK)
A(JsK)

AlLsXK)

(IsK-1)
(JsK-1)
(LsX-1)
AlTIX)
AlJeK)

A{LsX)

(IsXK-1)

(J>X~-1)

AlL :4X-1)

A(T9K)
A(Js¥X)

AlLsX)

(I-X-1)
(JsK~-1)
(LsX-1)
A{JeK)
AlIaX)

A(LK)

- DIAZ

£STGN#072

+ DiA2/2. -

1Al /2.

58



5 09

AlTsK) = A(ls%-1)

>
(&
-
~
1]

AlJsX~1) + DIAl

AlLsK=-1)

>
~
.
~
1]

SKIP = G4

GO TO 15aC

GENERATE SY¥20L"FOR FLANGE
N o= KVAL # 2

AlTs%X=1), =

= A(IsM)
/
AlJsK-1Y = AlJsN) = C,25
A(LsK—1;§= AlLs™)
A (Is¥X) = AlIsk-1)
.
A (Js¥)) = ALJsK-1) +3.5
A (LsK) = AlLs%X-1)
K = K +.2
GC TO 29

N = KVAL # 2
GENERATZE ARRDYW IN CEMTER CF LINR T2
AL = 308

A(IsX-1) (ACIsN) + AlILN=10)/2.

AlJsX=1) = A(JsN) + AL/G.
A(LsX-1) = A(LsHN)

AllsX) = A(Is+X-1) + ASIGM¥AL
AlJdsX) = AlJsNM)

A(LsX) = A(L:X-1)

K =X + 2

29



AlIsK-1)

'A(I9K-2)

A{JsK-1)

r'\(JQ:’\"Z)
A(LsK=-1) = A(Ls¥K=-2)

-’-\\(I’}:—?J)

A(IsK)

AlJsM) = AL/5.

I
A(Ls¥%) = A(LsX~-1)

AlJsX)

K =X +2
GO TO 2¢

70C V = 145 )
GENERATE 3YHM30L F2R GLNEE VALVE

N = KVAL #* 2
1

AAA = A(IsN-1)
i

AAB = AfJaN-1)

AAC = A(Usn-1)

AlJsX=1) = AlJsM)

AlJsK) = AlJ:X-1)

AlLsK=1) = A{LsN)

CA(LsK) = A(LsX~1)

AlTIsK) = A(IsN)

A(IsM) = A(IsN=1) + ASIGH®DIST
A(TsX~1) = A(IsM) +ASIGN=Y

A(IsK+1) = A(TsMN)

AlJsK+1) AlJsN=-1) - V/c.

A(LsK+1) = A(LoN=-1)

AAD A(TsN)

ACJsN)

AAE

AlLN)

AAF
K =K + 2

AlIsX) = AllsK-1)



Al(JsK)

AlJsX=-1) + V/2.

A(LsX) = A(LsX-1)
AlTsK+1) = A(IsX)
AlJs<+1) "= A(JsK)
A(LsX+1) = A(LsXK)

K =X + 2.

A(TsX) = A(IsX-1) + ASIGN * V
A(Js¥X) = A(Js%X-1) - V/2,.
A(LsX) = A(L¥X-1)
A(IsX+1) = A(Is¥X)
AlJdsX+1) = A(JsX)
A(LsK+1) = AlLsX)

K=K + 2

AlIsX) = A(I+%-1)

AlJsX) = A(JsX-1) = V/2.
AlLsK) = AlLsK-1)
AlTsX+1) = A(Is¥)
AlJsk+1) = A(JsXK
A(LsX+1) = A(LsK)

K = XK + 2

A(TeX) = A(IsX=1) =~ ASIGNHV
AlJsX) = A(JsX-1) —- V/2Z.
A(Ls<) = A(L,K-1)

K =K + 2

IF (SIG.ETTe) r~Q TQ 20

DD = 1.3

SKIP = Le

4

GO TO 153

READ (592

-
(n

15) KVALsTsASIAMaRISTT s

61

(read line of inforration for labelinre
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Ut

81C FOR'AT (21I592F540s1593F3.1

&)
Q

IF (XVAL.
M = KVAL*
IF (I.ME,
IF (ITeMTa
IF (I«NE.

E(IsII)

E(JII)

E(LoII)

E(4s11)

E(S5sI1)

i
E(6-1I1)

j
E(7,II)/=
E(8,11)

E(9sI1)

IT = %1
8

+ -

GC TO 830
AL = U.5
GENERATE
B(Is>=-1)

B(Js¥-1)

B(LsM~-1)

]}

B(Isil)

3(Js™)

i}

BlLs™)
M =M+ 2
B(Isv=1)

B(JsM=-1)

B(LsNM-1)

UL

N
(]

GE.QCC) 70 TC

2

leADeJeMESL) L
2e3NEBaJdeMFe2) L =

!
FehtiDeJa™MTe3) L =

[
-

=+

2

!
-

As5)

A(IsN) + ASIGN®DISTI

A(Js™M) + SIG*DISTJ

AlLsM)
CRIENT
v

DIMENSICHTING LIMNZS
= AAA

= KA3 + SIG#3KIP

AAC
2{Is=-1)
AlJeM=1) + SIG*DD

3{LsM=1)

AAD

AAT 4+ SIG#SKIP

AAF

AN DTVEMSTICNI

-



ud

I

B(Is2) B(Is1-1)

B(JsM) E(Jsv=-1) + SIG*DZ

B(L M) S(LsM=1)

B(Is=1) = D(1s1=2)
1
8(Jsi~2) — SIG#SKIP

n

B(Jsl—-1)

B(Ls=1) = B(Ls"-2)

B(IsM) = B(IsM=4)
Bl(JdeM) = B8(Jsu=4) - SIG#S|KIP
B(Le') = (L sV—4)

IL(1sN) = FEET

IL(22%M) = AINCH

’ /
TL(3sY )/ = AMUH

IL(G "N

% pemoN
IF (TeERQel) ClL4 o) = =30
IF (1.80.2) Clasi) =  3C.
IF (TeEQeR) ClLol') = G4 (set base anrle and slant of

letterine)
C{5+*N) = +3C.

IF ((1eEQe1)+ANPL(JaFRa2)) C(Ss ) = -2,
IF ((TaFERe2)eAMDe({JeFNel)) C(3sM') = =30,
IF ((IQEQ-’)Q.ANHQ‘JOE".\IZ,) C(".-".“'!) = ~37,

IF (MN.EQL2) GO TO 120
ASIGN = +1.

IF ((I.EOIl).OR.(I.EQI3)) ASIG?- = =l

ClIsxN) = (AAA + AAD) /2. + ASIGH#1.T°

SIG = +1. (set startins coordinates of
dirensioninr label)

IF ((I1.E0.1).A%N. (JeER02)) SIG = -1,

IF ((TeERe2)eANDe(JaENa1Y) SIG = -1

IF ((TeERe3)aAMN (JsEDe1)) SIG = -1,

(



C(JsMN)

B(Js*) + SIGH#3.1

ClLMN) AAC

TL (5s%\)

1
MN = MM o+ 1

Moo= M o+ 2

Mia = 1
KK =1
AA = B(I,v-2)
AB = 3(J,¥-2)
AC = B(LsM=2)

520 B(Is%-1) = AA - AL
IF (ARS(R([s¥—=1)=B(1+%=3)).LTeAS(AA = 2(15H=3))) G2 TN 1540
KK = %< + 1
IF (KFeGTe2) GO TC 1540
AL = -AL
GO TO 152¢ .

540 8(Jst'=1) = AB + AL/b.

B(Ls¥=~-1) = AC
B(I;M = AA
B(Js!) = AB
B(Ls!i) = AC

Moo= oM o4 2

B(Is¥-1)

B(I,1=2)

B(Js¥-1)

3(J.-2)

B(LsM=-1)

2(Ly¥~2)

B(IsM)

B( I sMi—1 ) - AL

BlJert) = BlJeM=1) - AL/E,
B{LsY) = 2(Ls-1)

Moo= Mo+ 2



Qo

145

)50

)60

AW

3go

IF (Mii.CE.2) GO T2 27T

AA (I —7)

>
o)
1

B(Js¥-7)
S(Lsii=7)

A S |

-~

KK =1

AL = -=AL

GO TO 152C

IF (KeERe2) GO TC 95¢

PUNCH OUT ALL THE ST2R&ED

VIRITE (7+9120)

TKes2H2e2192Xs2H2,)

FORMAT (6H979999 .

K = K-2
DO 9245 1 = 2sKs2
WRITFE
FORMAT (6F1045)
CONTINUE

Ge TC 98¢

IF (MeEQe2)

WRITE (70960)

FORMAT (6H9G99G e TX92H3e918X92H10e)

M - 2

M =

DO 97C I = 212

WRITE

CCNTINUE

IF (“NeEQel) GO TO 11385

WRITE (7+925)

FORMAT (6HICTT9es TXs2HZ4918Xe2HE,)

MN = ¥N - 1

0O 1120 1 = 1s" N

(74247 A0 20T =1) 02 (2sI-1)s (29 T=1)02(

65

INFOR "ATISN DESCRIZING THE DRAUINE

Tellaf(2:1)0°(251)

(75047 R0 191=1)sP(2eI=1)9"(23sI-1)9"(191)s7(291):7(2,7)



N = IL(5,1)
GO TO (17G091060911C3)s M
JC0 IF (iL(le).cﬂoﬁ) <N T0O 1330
IF (IL(3sI)eSsC) GO TO 102C
IF (IL(451)elLTL1C) GO TO 1C190
WRITE (7s9$$) Cl1sT1)sCl29T)9C(39T)sC(Lal)sC(SaI)sTLI1sT)sIL(25T)>
1IL(3sT)sIL(4s])
P¥9C FORMAT (3F1de5 2F1%e391292H1—9 I291H~-91251H/+12)

GO TO 11CO

MS WRBITE (791°12)1C 107)0C{2al)sC(29T1)aCllsl)sC(asTIall(2sT)slIlL(2s7),

TIL(3sT)sIL(4-1)
Ji15 FORMAT (%FlO-Fs 2F1C a3 [292F 1= IZslH—;Ilelﬂlgll)

GO 70 llﬁ%
Ci2¥ WRITE (%siizi)C(lel)sC(Z,Il’C(?si)eC(é’I)sC(SeE),IL(I’.)QIL(2![)
0125 FORMAT (3;1C.5’ 2Fr1Ce3s1292H1=y I2) '

GO TO ]1c<3
30 IF (IL(291)ef0aT) GO TO 1047
IF (IL(4s1)alTel19) GO TO 1750

WRITE (791235)1C 19T 9C(291)9C(291)9C LsT)sC(BsI)sTL(25T)sIL (%510,
1 IL(4sl)
0i35 FORMAT (3F104592F104351291H=-912521H/212)
GO TO 11G2 )
042 WRITE (731245)1C(151)sC(2s1)9C(22I)sC(asT)aCISsT) eI {2,51)
0145 FCR“AT (3F1le592F1Ce2s12)
GO TO 119G

CigsC WRITE (79]CRR)C(’_QI)’C(?aI)QC(”,I)’C(AsI)sC(R,I.),IL(Z,I),IL(—,’T),

-

1 IL(&s1)
0155 FORMAT (3F15.%592F10e2512+1H-311510/271)

GO TO 11CG



168 IF (IL(351),EQ.L) GO TG 1070 )
IF (IL(4s1).LT.1C) GO TO 1£80 T
WRITE (751365)C(1s1)sC(2sT)sC (291190 asT)1sCI5sT)sIL(1sI)sIL(221)5

1TL(3sI)sIL(4s1)

.65 FORAT (2F1CeS, 2F10e295HC FlLesT292H1—y I251H-31251H/512)

GO TO 1103’
770 WRITE (751578)C(1s0)9C(251)9C(29T)5C(45T)9CI52T)sILI15T)5T1L(25T)
)75 FORMAT (3F1Ce5, 2F1Ce335HC SLasl392H1=512)

GO TO 11G0 | _ '

J80 WRITE (7?133‘3)C(1,I)aC(?_yI)9C(°HI);C(LQI)sC(‘uI);IL(l!I)sTL(PsI)s

11L(3a1)’?L(49I)

)85 FORUAT (3F1C.5s 25104295HC SLasl3s2H 0=y I251H-511514/511)

1400 CONTI%UE/.

1:05 IF (LN.éQLl) GO TO 1130
WRITE (7s1119)

110 FOR-AT[(8H995994s TX22H1e318Xs2H24)

DO 1120 I = 2sLNs2

120 GRITE (7924C)0(1s1=1)sD(2sI=1152(251=1)sN(151)s0(2s1)s0(351)

130 IF (I1«EQ.1) GO TC 117¢
WRITE (751143)

1.4C FORVAT(6HIC999437Xs2H14318Xs2H3,)

Ir =11 -1
DO 115C I = 1511

156 WRITE (75116C)IE(19I)sE(2sT)s0(=s1)9S(491)sE(5s1)sE(89T)sF (7910,
1E(8s115E(951)

1160 FORMAT (3F10.S5F10.3510Xs5A4)

170 WRITE (7:1187)

1180 FORMAT (6H20099,)

STOR



NTRY

3199

B.SYS

END

15.
42
6;

23

1.

15
12.

Toe

1 +1.

l.

3.

3e

2e

2e

+1le

+1e

+1e

+1e.

+1e

CM

Be

+1le 7

2.

2.

-l 2.
2

+1le 2o

-le 2o

+le 2o

1-8-C/16201A

68



APPFIDIX C

DifFital Comnuter Proesramme DRAFT

C.l Operation of the Prorramme DRAFT

The three-dimensional (X, ¥, Z) coordinates of all the end-points
are read in. Mathematical operations are performed on each point and
transformed to the new coordinates (X*, V¥, Z¥), If these operations are
performed on all the pointé, the whole model will be transforrmed as de-
sired., The operations cen be defined easily in a matheratical forr.

i (1) To translate the object by an amount A¥, AY and AZ in the re-

spective directions X, Y, 2
]

X¥ = X + AX
Y¥# = Y + AY
Z¥ = Z 4+ AZ

(2) To rotate the object by an angle 6 about the X-axis

X¥* 1 0 0 X
Y¥{=]0 cos 6 «sin 6 Y
yAY 0 sin 6 cos 6O yA

A rotation about an axis is positive if a right-handed screw, when pointed
in the positive direction of the axis, would advance when given the rota-

tion,

(3) To rotate the object by an angle 6 about the Y-axis

=

X#* cos 6O 0 sin ©

-

v¢l= o 1 o

2% -sin O 0O cos @ Z



T0

(4) To rotate the object by an angle 6 about the Z-axis

-

X¥* cos 8 -sin 6 0 X
Y¥ |= }sin 6 cos © 0 Y
Z¥ |= 0 (o} 1 Z

After perforning the required mathematical operations on all the
points, the model will be in the desired orientation and position, but
still in three-dimensionai (X, Y, 2) coordinates. The problem now remains
of transforming these points into two-dimensional form, so the object will
appear in perspective. As seen in Figure 13, the mathematical formula-
tion of the problem is to determine the image point of each object point
on the picture plane. In Figure 13 we have the object point Po, the pic-
ture plane PP, and the observer's eye E. Assuming light travels in a
straight line, the image of P° is at pr' For all calculations we shall
use a Cartesian syétem of coordinates with the origin on the line from E

perpendicular to PP the Z-axis will be along this same line and the co-

ordinate of PP will be larger than the Z-coordinates of E. Let X' and Y'

be the coordinates on the plotting paper. We note that by similar irianrles

1
xﬁp = DP
xo_ DO + Z°
and
Yo _ _DP
Y < no+12
fo) (o]

Solving for the needed quantities we get:

DP
xl = ___—-—-x
PP Do + Zo o



DP
' S em———
Yfp DO + Z° Yo

These are the coordinates (X', Y') of the image point Ppp in the
desired picture plane, If this mathematical operation is performed on
each end-point of the straight line segments, a two-dimensional image
will be formed of the three-dimensional object. The same calculations
are performed on the starting point of alphameric information to keep the
starting point at the same point relative to the drawing.

As can be seen in Ficure 13, the magnification of the reproduc-
.tion will be DP/DO. A perspective drawing can be achieved by making DP

an# DO small. The drawing will become an orthographic projection if btoth

| .
DP qnd DO are made very large.



DO

Y.

Firure 13, Perspective Georetry
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Y
Po(xo’zo) .
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Z
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— DP —_—
DO e l———
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C.2 Modifications to the Prorramme DRAFT

The programme DRAFT had to be modified to make it suitable for
pPlotting isometric piping drawings, and to make it compatible with the
EAT 3500 dataplotter. The principal subroutine of the EAI 3500 plotting
package is PLOT. The subroutines for alphameric output are SCRIBE and
PRINT, where SCRIBE uses the pen for output and PRINT the L8-character

printer head.

The calling sequence for the subroutine PLOT takes the following
form:

CALL PLOT (OPCODE, X, Y)

where OPCODE is an integer representing a PLOT function and X and Y are

parameters whose interpretation depends on OPCODE,

The operation of DRAFT will be described in the sequence in which
operations occur.

CALL PLOT (3L, XCOR, YCOR)

By this statement, the lower left-hand corner of the permissible plottins

surface is set to the coordinates XCOR, YCOR in inches relative to the

lower left-hand corner of the plotting board.
CALL PLOT (31, k)
This sets the error procedure to procedure 4, where an error messame will

be printed and control returned to the user's prosrarme, if for instance

the pen will be driven beyond the limits of the plotting surface.

CALL PLOT (32, 1)



Th
This sets the units to incheé, so that the coordinates will be inter-~
preted to be in inches.
CALL PLOT (35, 30, 22.5)

The dimensions of the permissible plotting area are set to 30 by
22,5 inches in the X and Y directions, respectively.

At this point‘in the programme, the baéic PLOT parameters have
been set and the data may_be read in. The coordinates are read in with
the FORMAT (6F10.5) and stored in the A-array. Alphameric data is sig-
nalled by the proper control card and read in with FORMAT (3F10.5,5A6).
The first three fields on the data input card contain the coordinates of
the starting point and the next two fields, the base angle and character

slant in desrees, The five words in the A-field designation allow a maxi-

mum of thirty characters to be read and stored in a separate array c.
The end of the_data is signalled ty another control card.

Foliowing the input section of the programme, the three dimen-

sional coordinates of all end-points must be rotated into isometric form

(see Figure 7). To obtain the isometric form, the following rotations

were found necessary:

Rotate about X-axis by 180°
Rotate about Z-axis by -h5°

Rotate about X-axis by 54,7356°

These rotations were performed on the coordinates of all the

Points, including the sterting points of the alphameric data. These

three‘dimensional points then have to be transforrmed into two-dimensional

Points go they can be plotted. This transforrmation is accomplished by
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the following mathenatics:

= —X_
x* = g+1)onP

Y
¥ = e————
¥ Z + DO D?

By making DP (distance from the eye to the picture plane) and DO
(distance from the eye to the object origin) both laree, the resulting
. coordinates will be in projection. As these coordinates (X*, Y*) are
9omputed, they are scanned for the iargest and snallest values, The scal-

. "ing factors are then computed from these limits so the drawing will fit

in a 16" by 12" format.

XSCALE = (BIGX - SMAX)/16.

YSCALE = (BIGY - StAY)/12.

IF (XSCALE.GT.YSCALE) YSCALE = XSCALE

IF (YSCALE.CT.XSCALE) XSCALE = YSCALE _

The scaling factors are set equal to the larrest value. This is

necessary to prevent distortion fron the isometric form.
Using these computed scaling factors and the limits in the co-

ordinate directions, it is now possible to compute the data origzin to

centre the drawing in the 16" by 12" format., The prograrming for this

can be written as

XORIG 15.0 - ((BIGX+§!"X)/12.)/XSCALF

YORIG = 11.35 - ((BIGY+SHAY)/12.)/YECALE

These parameters are then set in the subroutine PLOT by the state-

ments
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CALL PLOT (36, XORIG, YORIG)

CALL PLOT (37, XSCALE, YSCALE)

where XORIG and YORIG are the X and Y coordinates of the data origin re-
lative to the vaper corner and XSCALE and YSCALE are the scaling factors
in user's units per inch of board surface.

Now that these parameters have been set, the two-dimensional co-
ordinates are again computed from the three-dimensional coordinates and
placed on magnetic tape éiong with plotter instructions. For each plot-
ting mode, different parameters have to be set and these are called by
specific values appearing on the control cards. A control card is sig-
nalled by the first variable being '99999.'. The variable KTYPE is set
equal to A(2,I) which appears in the second field of the control card.
NSIG is set equal to A(1,I+1) which appears in the fourth field. The

value of NSIG determines vhich plotting mode to enter.

NSIG = 1

Line mode is entered and either the main lines or dimension lines

will be plotted depending on the value of the variable KTYPE.
CALL PLOT (19, KTYPE)

This statement causes PLOT to choose the correct pen from the pen

turret, If the control cerd signals main line plottine, KTYPE will have

the value '2', indicating a medium width pen. If the control card pre-

ceeds dimension line data, KTYPE will have the value '3' and a narrovw

width ven will be chosen.

3 i rode para-
The PLOT subroutine is entered, and various other line p

met
€rs are set as indicated below:
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CALL PLOT (15, 2)

The plotter is instructed to enter line mode (may draw lines)

CALL PLOT (16, 1)
|

The long liné mode is chosen (lines sepmented into long lengths).

CALL PLOT (33, 1.0)

All lines will be divided into one inch lengths to insure straight lines
between coordinates.

CALL PLOT (2, X1, Y1)

XIi Yl are the coordinates of the starting point of a line and they are
calculated by the mathematics described above. The plotter is instructed

to 1lift the pen and rmove to this position using the calculated scaline

]
factor.

' CALL PIOT (3, X2, Y2)

X2, Y2 are the coordinates of the end-point of the line. The plotter is

instructed to lower the pen and draw a straight line to this point using

the selected scaling factor.

The last two commands are repeated for all the pairs of points

until another control card is read.

NSIG = 2
\

If the control card sets NSIG equal to 2, the plottine packarme is

instructed to plot the succeeding points as welding dots. These instruc-

tions are described below:
CALL PLOT (19, KTYPE)

In thig c KTYPE will have the velue of '1', which is the instruction
ase



to pick the wide pen for plotting.

CALL PLOT (15, 1, 1)

i
By this statenent, the plotter is instructed to enter the point mode and
plot %oints with the most recently selected pen.

CALL PLOT (1, X1, Y1)

The pen moves to the point X1, Y1, using the scaling factor and plots a
point at this position.

CALL PLOT (1, X2, Y2)

"The procedure is repeated for the second point. These two commands are

re?eated until another control card is encountered.

[

NSTG = 3

’ -! If it is desired to use the printer head to print some alphameric

: nf;rmation, A(1,I+1) of the control card will take on the value '3'. Then
each succeedin; card will contain the X, Y, Z coordinates of the starting
point of the printed information, the orientation of the printing, and

the information to ve printed. The orientation can be either '0' for

horizontal or 'l1' for vertical. From this the X-incrementation and Y-

incrementation between letters is computed by the following statements:

LLL = A(1,T+#1) (orientation)

IF (LLL.EQ.O0) GO TO 595

XINC = 0.0
ymc = 0.1
GO TO 596

595 XINC = 0.1

il
(o)
o

YINC



79

A line of data will be printed by the following staterent:
| CALL PRINT (C(l,MM),30,LLL,X1,Y1,*IHC,YINC)

Here C(1,MM) is the first word of the alphameric information and 30 inéi_

cates’the next 30 characters of storage are to be printed; LLL indicates

the orientation, and X1, Y1 are the starting point coordinates in inches

calculated from the X, Y, Z coordinates by DRAFT.

NSIG = L

The value of NSIG = I read from the control card will cause the
programme to enter the SCRIBE subroutine and plot the alphameric infor-
magion according to the succeeding card instructions. Each card contains
thé;x, Y, Z coordinates of the starting point, the baseangle? the slant
and!the alphameric information to be plotted. The starting point is com-
ﬁutéd by DRAFT and then scaled to the same units as the plotted data.

he SCRIBE subroutine is called from the plotting package by

CALL SCRIBE (c(1,!),30,X1,Y1,0,10,A(1,I+1),A(2,I+1))

Here C(1,MM) is again the first word of the alphameric information, 30
indicates there are 30 characters to be plotted, X1, Yl are the coordinates
of the starting point, 0.10 is the height of the characters in inches,

A(1,T+1) is the base angle, and A(2,I+l) the slant of the characters.

———

A control card with MSIG =0 signals the end of data to the pro-

gramme,
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C.3 Computer Listine of the Modified Procrarre DRAFT

' For a detailed description of the prograrme DRAFT as written by
the Grunman Aircraft Corporation see reference [3]. The modifications
have been described in Section C.2. In the listing that follows, sone

of the modifications made have been briefly described.
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SIBFTC DRAFT

XCOR = CT,o&

YCOR =
5 CALL PLOT

DIMENSINN

GSo3711 PAULS

2245

(323 XCCR>

’

FAY

YCOR)

[&]

O

If‘

w

(]

(2922001 e2(29207 %) 2C(E43T)eNATALLTTS)

DATA 'IVRsHVR/3:2050/

CALL PLOT
CALL PLOT

CALL PLOT

T DO 1Y I =
20 1C J =
AlTe«J) =

- 1o B(I,2) =
DO 158 I =
CO 15 J =

15 Cl1sJ) =
MmN o= 1
M= 1
NSIG = ©
MY o= 1
BIGX = =1
BIGY = -1:
SHAX = +1

SMAY = +1

]
C
.
(@]

D1

it
(o]
3
<

D3

D& = CeY

{

21

9

(32,

4)

(set all the array locations
equal to zero)

81

I~

N
[

W

AR
ALY









21

24

23

0

)

'-'

<

Bl2+1)="22A(1.I)+3E%A(2,1)+08% (31}

E =C1H3{ 1 T)+D283 (29 1) +02557 (2, 1)
F =045 (1 1)+DS#L {20155 (351}
G =OT7HRB (I ) 422X (2+1)+T087 (20 ])

IF (A({1s])eLTa?e27C, ) O
KTYFE=A(2:1)

NSIG = A(ls]+1)

Tn 227

GC T (2879727 3620477 )" 181C

CALL BLOT (15s2)
CALL PLCT (16.1)
CALL PLQOT (33, 1.7)
GC TQ aRaT

CALL PLOT (1%91,51)

CALL PLCT (19s ZTYFE)

(choose prover pen)

8k

DRAFIFLD



W)
w
(@]

GC TO 63¢C

GT TR(210,7%z27) N

Dl=A(1s1)

D2=A(1s1+1)

D3=2(2511),

D4=2A(2s1+1)

D5=A(3+1)

GO TG

R1=r(

02=2(1sI+1)

[
(0]
1l
9
wm

»n

m

==(D%

F=(D6+2C) /0>

X1

Yl =

X2 =

Y2 =

IF (NaGT.1) gn

IF (X1.5T.3714

S

3230

1.1

+D03) /0P

Cl/E
D3/%
G2/F

D4y/rF

¥)

Ir (lv:.ﬁ:T.P[‘,x)

IF (X1l.07,c0

axX)



>
(&)
<«

-

31

81¢

IF (X2.LT.SMAX) SYAX = X2 go

IF_(VI-GT.EIﬁY) 2IGY = Yi
o ] (find maxirum end minirum coordinates
IF {(Y2.3T.31GY) EIGY = Y2 in the x- and y-directions)

IF (YloLTSMAY) SVAY = Y1
IF (Y2 LToSYAY) S'tAY = Y7
IF (I.LT.v-1) G2 TO 437

XSCALF = (3IGX - SWAX)/15.

YSCALE = (RifY — SNAY)/12. (compute scaling factor)

>

IF (XSCALE«STLYSTALRE)Y YSTALF = XSCTALR

Y5CaL

{]
m

IF (YSCALSWZTeXSCALE) XSCALE

Seft = ((FIGX + SYAX)V/Z¢)/XSCALFE
(cormpute origin)
SVUAYY/24Y/YSETILE

XOoRIG

n
e

[]
=
IS
.
158 ]
o}
|
-
—_
1
-y
(]
<
+

YORIG
WRITE (£.8°7) XSCALE

FORYWAT (1K 145SCALT FALT22 IS »T15.4)

WRITE (6+817) XORIGs YIRIG

FORMAT (1H.9114X—2RIZIM = ¢51645: 10V, 11HY=TRICIY = o7 1%,
CALL PLCT (359X5?IC;YCTIG)

s YECALE)

CALL PLOT (27sXSCAL
GO To egcl
GO TO (57052093727 :8677) oIS IC

CALL FLOT (29 X1s V1) (plot strairht line between points

(xl, :rl) and (xz, ya))

CALL PLOT (3. M2, Y2)
G2 Tn 68n0

CALL PLOT (4sXisY2)

T CALL PLOT (4aXl,Y1ly

TALL PLOT (44X1sY1) (plot syrmbol for welded joint at
% ) and at (x., ¥,))
CALL BLCT (4:X2,.Y2) (x5 7y 2° 72

CALL PLCT (4aX2.Y2)

CCALL PLCT (&eY2.YD
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L
£33

S

[o )]
g}
¢

71

o T0
1 -
1L =

Y1

"

LLL =

IF (L

XImg

re =
co TN

>
h

<
s
It

IF (N

GO TO

2(1.1
2(2.1

Bl3s1!

637>
X1/XACALE + ¥OoRir
YL/YSCALE + YORIG

All.I+1)

LLeEReT) CC T2 595

- * -
276
= 0,1
= f',.

SRINT (ClTa' ) a2 sl llsXTaV1s¥

AERBIRS N

MeENe2) GO T2 287

23

V=AY 1) 40X
)=A(2+T)+02Y

)=R(2s1'+22

o
O
~!
(63
4
-
(]
[o
»
I

(plot labels using PRINT routine)

VTIs ~y
A e

(plot dimensioning labels using

SORIBF routine)

MATIRE S [P 0 I BP S ET R I I

R
Pl R MR
~m ATz~
~m s m .- ~
LoveT 2

-~ - o~
[PAC )

e . g A
[N -
N A A
(S ¢
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14V

P(1aT)=R(1s1)+0X
AlZ2sI)=R(2s1)+0Y

R(3s1)=P(3,114D2Z

(set up starting point

READ (S5+123) XCORs YCOR
of new plot)

88
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DRAFZEEN
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DAIANF27ED



APPENDIX D

Material List (Recommendestions)

In incorporating the production of the material list in the Con-
figuration Generator Programme, the first step will be drawing up speci-
fications for each fitting, concerning size, material and type of face
end, as well as associated hardware such as gaskets, bolts and nuts. Then
counters will be coded to éach of these fittings and the various pieces
of hardware, These counters have to 21l be set to zero at the beginning
of the prograrmme, Within each subsection of the programre, where the
symbols representing the various fittings are generated, additional pro-
grarming is necessary to increment the approoriate counters vwhen a par-
ticular fitting is called.

If, for example, the code representing a flanged globe valve were

KFGVAL, then the following statement would be inserted in the subsection

NN 3:

KFGVAL = KFGVAL + 1
If this fitting were to be installed with two four inch gaskets
and the symbol for four inch gaskets were KGASLW, then the following state-

ment would store this in the computer's memory:

KGASlY = KGASh + 2

This type of logic could be programmed in each subsection with
overrides provided from the input data.
Upon completion of the input data, the rmaterial list could be

punched out, with an appropriate control card preceeding. °

89
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Carrying through the example of the flanged globe valve, its output could
be of the form:
WRITE (7, 1200) KFGVAL
1200 FORMAT (30X, I3, 2X, 21H FLANGED GLOBE VALVES)
WRITE (T, 1300) KGASh
1300 FORMAT (30X, I3, 2X, 15H L INCH GASKFTS)

The programme DRAFT would then be instructed to read this data by
an A-format and store it és alphameric data in the array C. (DRAFT allows
a maximum of 30 characters per line of alphameric data.) Unon enterins
the output stage, the starting coordinates of ﬁhe first line can be set
to X = 12 and Y = 12, The succeedins lines can be incremented down the
page by the staterment

Y = Y+ 0.5
The plotter can then be instructed to plot this data by the statement

CALL PRINT (C(1,I), 30, O, X, ¥, 0.1, 0.0)

This will then be repeated until all the lines of the material list have

been printed out.
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The subroutine will rotate all the desired sections of storage and store

each entiy in its same location.,

Subroutine ROTATE

This subroutine is taken directly from the rotational section of
the programme DRAFT with only the input and output sections altered for
this special abplication. The variables described above are transferred
to the subroutine by a COMMON statement. Depending upon the axis about
which the rotation is to éccur (NAXIS) and the angle of rotation (THETA),
the variables D1, D2, D3, D4, D5, D6, DT, D8, D9 are set. These variables
are the coefficients used in the rotational matrix (see Appendix C). The
desired rotation will in the general case not be about the oripin (0, O,
0), but rather about some point Py (xl, ¥y» zl) (see Figure 14), The way
the mathematics is written, the rotation must occur about the origin;
thus the origin has to be shifted to the point Pl' This is done by sub-
tracting the coordinates (xl, ¥y zl) of the point Pl from the coordinates

of each point to be rotated. Then the rotation can be performed and the

new coordinates temporarily stored as (U, V, W). The final rotated co-

ordinates are computed by adding the coordinates (xl, ¥y zl) of the point

P) to the coordinates (U, V, ¥). This procedure is repeated for all the

points to be rotated of the A, B, D and C arrays. Control is then re-

turned to the Configuration Cenerator Prograrme.

~
‘"_,fﬁr’ heta
Pl‘;:qv F P
. (xl’yl’zl 2 ‘
ORIGIN(0,0,0)

Figure 14, Desired Rotation of Section P) Py, by Angle
THETA, ebout Point Pl
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The subroutine ROTATE described above should increase the versa-
tility of the Configuration Generator Prograrme by allowing data to be
plotted at angles other than coordinate directions. The problem of plot-
ting alphameric data at angles other than isometric will, however, be en-
countered and it may be necessary to use the PRINT subroutine as opposed
to using SCRIBE. The reason for this is that, as described in Appendix
B,6, the programme will automatically SCRIBE in isometric directions but
cannot handle‘non-isometric directions. It would be possible to use the

PRINT subroutine and print the data either horizontallyr or verticelly.
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90° and.the comparison repeated. Once the beginning of the arc is found
to goincide with & line end-point, the rest of the earc is generated by
incrementing A6 from 0 to 90° (Eq. (1)). The end point of the arc, when
A8 = .90°, is compared with both end-points of the lines. If the arc end~
poinf coincides with one of the line end-points, we have the correct arc.
Ir nof, 6 is again incremented by 90° and control returned to the begin-
ning of the loop. |

Since the arc can only be generated in four ways with one of these
arcs being the correct one, the computations are quite fast, It was found
‘that ten points on the arc produced a reasonably smooth curve., The dis-
advantage, however, was that ten additional storare 1ocati;ns were re-
quired for each arc. It was decided that the additional cost in computer

and plotter time were not justified in the slirht improverment in the plot.

For this reason this section was deleted.
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A(T,M) A(1,M)
A(L,M) _ A(L,Y)
*h A(I,T)*
'.' _ A(L,.”-l)* A(I,H—l)

A(T,"-1) + - A(L,M-1)*
A(L,M-1) : R

(I,7-1) - A(T,7-1) '_R-l T

(L,3-1) 1 igi:gg AT,T-1) AT, )%

A(L,T)

(a) Modifications required to a Pair of Lines to leave Room for
j a 90° Arc

:/' :\J &

6 = 0° 8 = 90° . 8 = 180° ' 8 = 270°

(b) Possible Ways to fienerate Arc, Given Centre of Curvature and
Plane of Pair of Lines

Figuré 15. Subroutine to Generate Arc between Two
Pervnendicular Lines
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C

212

22%

0
IF (1eMEa3eANT L'Ea3) A(394) = Al 101

A (1eX+1) = 4(1+%)

]
e
~
N
.
-
’
~—

Y

A (25%41)
i
A (2sX4+1) = A(39X)

IF (CII-QT.?.) 30 7O 218
SEE IF FIRST POENT NF ARC CORRISPONDS wITH FITHIR IZND BO0INT
OF THE TwWO LINMES

IF ((ARS(ACTISXI=A(I3))) e TaPe™Ral( 2322 (La?)= (L t)))e3Ta®) &7

2
IF(LARSIA(TI <) =A(TsY =211 elBTeaBe TR (238 (L %i-a(La =1} )eZTaR) CT

H
>
—_
-

-
A)
~—

]
i>»
—~
»
.
PAS
~

[RCTFHENT THEITA AND STaRT 7VYEIR

THETA = THITA + 9Ce/57e2357%C
IF (THETA«GTe8s) GO TC 27
GO TO 160

IF (IT1.NE.X} GO TO 25°

M=
i

SEE IF L&ST POINT OF 33C CoRATERSNDS MITH S1TnER 70D TCINT OF LT

~r
et s

"

in

IFCOARSIALT ) =AlT o =11 ) ) o nT,Pa R (A0S (A (LX) =2 (Ll =1 1) "Te%) 77
1 To 220

GO TO 257

IF (LASSIALTI ) =A(T+0)))oCTeZaMPu(SELA (L X)= 2L e 03 )),2TT) &7
1 To 230
Gn TO 283

~

IF A0TH fUOVE COLDITIONS “RT S:TISFIS™ R MAVI THT CORRECT 1R%
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IF NOT, INCREVEMNT THETA RY 90
THETA = THETL + GCe/57.252795

IF (THETALGT54) CGC TT 27

K = < = 2%(N-1)

102
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