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I ABSTRACT

A feasibility study has been made on computerized drafting. To 

yield an insight into the computerized drafting problem, a system has 

been developed for making isometric piping drawings.

The equipment used consists of an IBM 7040 computer and an FAI 

3500 plotter. A programme has been prepared for generating a three- 

dimensional model of the piping as well as its associated dimensioning 

and labelling. In this programme, the various symbols used have been 

preprogrammed and are called for by coded input characters. At the same 

time the associated dimensioning is automatically performed. The output 

of this programme, consisting of three-dimensional coordinates of line­

segment end-points, is punched out on cards. These data cards are then 

fed into the computer in conjunction with the GRUMMAN AIRCRAFT rotational 

programme DRAFT which has been extensively modified for this particular 

application.

The operation of DRAFT, in this case, is to rotate the three- 

dimensional model into the isometric orientation and then mathematically 

project each point onto the picture plane. Instructions are then vener­

ated and stored on tape, for plotting this two-dimensional drawing of 

the piping.

This method for producing isometric piping drawings was found to 

be competitive in cost with, and as easy to read as manually produced 

piping drawings.
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II INTRODUCTION

During the present century, the computer has evolved to become a 

most useful scientific and engineering tool. Its high speed and large 

storage capacity make it readily adaptable to many uses. One of its 

uses, the one which is explored in this study, is that of controlling an 

incremental plotter.

The computer controlled incremental plotter has been used for 

many purposes. Both the Boeing Aircraft Corp. [1] and the Grumman Air­

craft Corp. [2] use the computer-plotter in preparing two-dimensional 

drawings of three-dimensional subjects. Examples of these are perspec­

tive views of aircraft landing approaches, aircraft and automobiles. At 

the Ontario Department of Highways [5], highway cross-sections and eleva- 

tions of cuts and fills are automatically plotted from the surveyed data.

The purpose of this project is to make a feasibility study on thé 

use of the computer controlled incremental plotter in drafting. Having 

chosen the area of study, the search for a suitable project was begun.

It was realized that a time consuming and thus costly drafting 

procedure was that of drawing three-dimensional objects. This field of­

fered a substantial savings in cost, if the drawing of three-dimensional 

objects could be automated. It was decided to use existing software for 

producing the two-dimensional drawing of the three-dimensional model.

A necessary feature for keeping the automated drawing competitive 

in cost with the manual drawing is repetitive drawing procedure. In the 

automated drafting of three-dimensional objects, one of the major pro­

blems is the automatic removal of hidden lines (see Appendix A). The
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automated production of isometric piping drawings was found to have re­

petitive drawing procedure and at the same time by-passed the hidden line 

problem. This project also presented the general drafting problems of 

scaling, dimensioning and locating. For these reasons, the field of iso­

metric piping drawings was chosen to study computerized drafting.



III AUTOMATED DRAFTING OF ISOMETRIC PIPING 

The rotational programme DRAFT, Grumman Aircraft programme [3], 

was studied for adaptation to isometric piping drawings. This programme 

was designed to perform certain preprogrammed operations on three- 

dimensional data. The operations that could be performed were: (1) ro­

tation about any of the principal axes, (ii) translation along any prin­

cipal axis and (iii) projection into two dimensions in either perspec­

tive or projection. By the use of the proper control cards, any sequence 

of the above operations could be performed. In the problem of isometric 

piping drawings, the required operations are rotation (into isometric 

form) and projection onto the two-dimensional plane. By the use of the 

proper control cards, these operations could be performed.

Once the output phase had been planned, the remaining problem 

was to generate the three-dimensional model of the piping drawing. The ' 

restrictions on this phase were that the amount of input data should be 

as small as possible and as simple as possible. This would allow a 

draftsman to pick the information from orthographic prints in a short 

length of time, and thus keep the cost of labour down. Piping drawings 

normally consist of a series of pipes with various fittings inserted be­

tween them.

The input data for this type of drawing could consist of: (1) 

three-dimensional coordinates of end-points of straight lines or (2) the 

direction and length of lines from which the computer would have to gen­

erate the coordinates. The first method requires the operator to man­

ually compute running sums of the coordinates, allowing room for error as 
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5

well as increasing the manual labour involved. With the second method, 

only the direction of the line and its length (as given on the ortho­

graphic print) need be specified. The computer can then be programmed 

to perform the· additions and store the running sums of the coordinate 

directions. For these reasons, the second method was chosen.

The computer programme suggested above was developed by the 

author and subsequently given the name "Configuration Generator Pro­

gramme". In this program, the x, y and z coordinates are initially set 

to (0,0,0); then the line lengths are added sequentially in the approp­

riate coordinate directions. This results in a generated model which 

will be scaled to the actual dimensions (except for the standard piping 

symbols which are all drawn according to a preset scaling factor). After 

performing a sample run, it was found that the drawing became dispropor- 

tioned due to the scaling of extremely long lines. This caused the draw­

ing to have most of the detail crowded into one or two areas with a long, 

line across most of the page, adding nothing to the clarity of the draw­

ing. At the same time, short lines, drawn to the same scale, could not 

be dimensioned without interfering with adjacent lines and fittings could 

not be inserted in them. For this reason, maximum and minimum lengths 

were defined, and lengths beyond this range were automatically drawn to 

the length given by the upper or lower limit.

As stated previously, one of the aims of this project was to pro­

duce computer drawings closely resembling manually produced drawings. In 

some manually produced isometric piping drawings, arcs are drawn between 

adjacent perpendicular lines to depict 90o bends. This was attempted

with the computer-plotter (see Appendix F). This operation worked
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satisfactorily. It required, however, a large amount of storage, in­

creased the plotter time quite considerably, and did not add appreciably 

to the clarity of the computer produced drawings. For these reasons, 

this sub-programme was deleted.

Another problem encountered was that of dimensioning the draw­

ings. Since the drawing of dimension lines is a repetitive procedure, 

the possibility of doing this automatically was explored. . A typical 

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

Figure 1. Typical Dimension Line

The generation of these lines can be programmed provided the fol­

lowing information is known: the points A and B which 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 are mere­

ly the end points of the line or symbol to be dimensioned. The logic has 

been built into the programme to automatically store the coordinates of
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these points; then, if dimensioning is called for, the dimension lines 

will be automatically generated. The plane of the dimensioning and the 

side on which the dimensioning is to appear may either be specified by 

the user or logic built into the program to determine this.

The criterion for placing dimension lines is that they may not 

interfere with other parts of the drawing. The logic to determine this 

would have to check all the end point coordinates as well as the lines 

to be drawn between these coordinates to see if they will interfere with 

dimensioning. This type of thing is very complicated to programme. For 

this reason, the method was chosen whereby the user must specify the 

plane of the dimensioning as well as the side on which it is to appear. 

This method worked very well and resulted in easy to read drawings with 

a minimum of input data.

Once the dimension lines were drawn, the labeling had to be 

transferred to the paper. Logic was built in, to automatically choose 

the starting point at the proper position relative to the dimension line. 

Several alternatives for transferring the dimensioning information to the 

computer-plotter were studied. The EAI 3500 plotter had the capability 

of printing with the letters in either the vertical or horizontal orien­

tation, or plotting the characters with the pen. An experiment was per­

formed, using the printer head, and printing the characters along the 

isometric axes. This meant having succeeding characters offset both ver­

tically and horizontally. It was found that the printing was nearly im­

possible to read and this method was subsequently abandoned (see Figure 2).

Attention was then shifted to plotting the alphameric information 

with the pen. The capabilities of the FAI 3500 plotter are described in
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the manual [4]. The subroutine SCRIBE has the capability of plotting the 

data along any base angle desired and the characters having any slant de­

sired. The user can also specify the height of characters. The neces­

sary logic was written in computer language to automatically set these 

variables (see Appendix B,6). This method of dimensioning was found to 

work quite satisfactorily and was used in the computer plot reproduced in 

Figure 4.

As stated previously, a real saving can be realized with the 

computer-plotter when the drawing procedure is repetitive. Isometric 

piping drawings consist of pipes and simple symbols representing pipe 

fittings which appear again and again. Logic for generating these piping 

symbols was built into the Configuration Generator Programme. This logic 

was written so the piping symbols could be generated in any plane and 

direction desired. The user’s input required to generate the piping sym­

bol consists of: coded characters specifying a particular piping symbol, 

its direction and its plane. The programme then automatically generates 

the piping symbol in the desired orientation and plane.

Several alternatives existed for generating the piping symbol in 

its proper location. Two of these are described below: (1) call for 

generation of the main line, then the piping symbol and then continue the 

main line to its end, and (2) generate all the main lines first and then 

insert the piping symbols in the appropriate lines. With the first me­

thod, the coordinates of the piping main lines as well as the coordinates 

of piping symbol lines would be stored in the same array. Because dif­

ferent symbols require different numbers of straight line segments it 

would be impossible to choose a particular line by its storage location. 

With the second method, however, each line requires two rows of storage.
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making it possible to choose the coordinates of a particular point by its 

index. The index method would then also be used to choose the proper 

line for the insertion of a piping symbol. The piping line would then 

have to be broken, the symbol inserted and the line continued to its end. 

A further advantage of the second method is that the drawing would not 

become unproportioned due to the drawing of unscaled piping symbols. Due 

to these advantages, the second method was chosen. This logic is more 

fully described in Appendix B.4.

After the Configuration Generator Programme became operational, 

the first trial run was performed. The output data from the Configura­

tion Generator Programme, along with appropriate control cards, was used 

as input for the modified programme DRAFT. At this point, various other 

plotter instructions like scaling, location of origin and plot size were 

punched in manually. The output of this programme was on magnetic tape, 

which was then used directly with the EAI 3500 plotter. Upon completion 

of the plotting, it was realized that the scaling and origin location 

had been chosen quite arbitrarily and that they were far from optimum. 

A subprogramme was written which would scan the data after rotation into 

isometric form and compute the best scale factors and origin coordinates 

(see Appendix C.2).

Figure 1 shows the operations necessary for producing isometric 

piping drawings by computer graphics. The cost involved will depend 

largely on the experience of the operators. A typical piping drawing, 

as shown in Figure 4, required approximately the time and cost shown in

Table 1. The input data is shown in Table 2.
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Figure 3

Flow Chart for Generating Isometric 
Piping Drawings by Computer Graphics
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IV CONFIGURATION GENERATOR PROGRAMME

The purpose of the Configuration Generator Programme is to gener­

ate a three-dimensional model of the piping drawing, complete with dimen­

sion lines and labeling instructions. The programme may be divided into 

four different sections, according to the operation performed, Their 

description and operation is given below:

(i) Input Section - In this section, the coded input information is read 

in. The coded characters are translated into computer instructions and 

control of the programme transferred to the proper section.

(ii) Catalogue - This section of the programme consists of preprogrammed 

instructions for generating standard piping symbols. Coded information, 

transferred from the input section, instructs the computer to place this 

symbol in a certain location and orientation as desired by the programmer. 

(iii) Dimensioning and Labeling - When the programme exits from the genefa­

tion of a piping symbol, control is transferred to the dimensioning and lab­

eling section. Logic has been programmed into the computer to automati­

cally generate the dimension lines and arrow heads (the only input re­

quired here is a code saying on which side of the piping symbol dimension­

ing is to appear). At the same time, instructions are generated for writ­

ing the length immediately above or below the dimension lines, as deter­

mined by the computer logic.

All this information is stored and control returned to the input 

section. Other symbols or lines may follow. After the last item has been 

generated, control is transferred to the output section of the programme.

12
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(iv) Output Section - During generation of the main lines, symbols, di­

mension lines and alphameric data, the computer was set up to allow se­

parate storage 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 number 

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

Generator Programme, see Appendix B,7.



V MODIFICATIONS TO ΤΗE PROGRAMME DRAFT

The programme DRAFT was an IBM 7094 programme written by the 

Grumman Aircraft Corporation [3] for producing perspective drawings with 

a CALCOMP digital plotter. This programme had to be modified: (1) to be 

compatible with the McMaster University IBM 7040 computer, (2) for pro­

ducing drawings with an EAI 3500 digital plotter, and (3) for producing 

projected isometric drawings rather than perspective drawings.

The logic used in the programme DRAFT was to read in three- 

dimensional coordinates representing a three-dimensional object, rotate 

the object through any angle or angles desired, and project it onto two 

dimensions. These two-dimensional points were then plotted with straight 

lines drawn between them to represent a two-dimensional picture of the 

three-dimensional object.

The modifications which were made to the programme DRAFT are de- 

scribed in Appendix C.2.



VI COMPARISON WITH ANOTHER AUTOMATED SYSTEM FOR PRODUCING 
ISOMETRIC PIPING DRAWINGS

In the fall of 1966, after the first isometric piping drawings 

had been produced, using the above described system, the author became 

aware of another computerized drafting operation under development at the 

Sun Oil Company [2], In November 1966, the author had the pleasure of 

visiting the Sun Oil Company office in Philadelphia, Pa. and of having 

discussions with the people who originated the computerized drafting 

operation. Although the company policy did not allow any of the actual 

programming or theory involved to be divulged, the visit turned out to be 

very interesting and rewarding.

A brief description of Sunoco’s computerized drafting system fol­

lows (for a complete description, see Ref. 2). The approach used by 

Sunoco is to store instructions for plotting isometric views of all the 

piping symbols on a random access disk. Then, during running time, the 

computer merely chooses the correct view from this canned information and 

feeds the plotting instructions to the plotter. In preparation of the 

disk storage, a planar view of the symbol is drawn manually and 48 dif­

ferent isometric views of the symbol generated by a rotational programme. 

The plotter instructions for plotting these views of all the symbols are 

stored on a random access disk.

At the time of the author’s trip to Sunoco, the equipment used 

was an IBM 1620 computer and an IBM 1627 plotter. The plotter was run 

on-line, requiring a fair amount of computer stand-by time while waiting 

for the plotter. They were, however, in the process of changing to an

15



16

 IBM 360 computer and the same IBM 1627 plotter. Here the plotter would 

still be on-line, but through multiprogramming (simultaneous peripheral

operations on-line) other programmes could be run co-currently. The main 

limitation of the IBM 1627 plotter compared to the EAI 3500 plotter is 

the one-pen output capability. With the EAI 3500 plotter, a choice of 

eight pens is available upon user's command as well as a 48 character 

printer and a more versatile subroutine (SCRIBE) for plotting alphameric 

information.

The main difference in operation between the two systems is that 

with the Sun Oil system the operator must choose the particular isometric 

view to be used for each symbol and manually choose each line to be drawn 

in dimensioning. With the system described in this report, however, the 

programme automatically performs the dimensioning and rotates the model 

after it has been generated. Also, all the labeling performed on the Sun 

Oil drawings could only be done either horizontally or vertically, while, 
 

with our system, the labeling could be done in the isometric planes.

Inherent in the two systems, the Sun Oil Company system will be 

faster, thus less costly in computer and plotter time, while our system, 

will require less input data and produce more easily read drawings (com­

pare Figures 4 and 5).



System Described in this Report

Pipe line in 
non coordinate . 
direction - 
Note triangulation 
including dimensioning



9411/5-2

Figure 5. Isometric Piping Drawing Produced by the 
Sun Oil Co., Automated Drafting System



VII ESTIMATED COST

The input data necessary to produce Figure 4 is shown on page 20. 

The draftsman’s time involved in preparing the input data will vary con­

siderably with his experience and familiarity with the programme. How­

ever an estimate of the time involved can be made from the author’s ex­

perience. Approximately half an hour should suffice, depending on how 

complicated the drawing is. In the production of Figure 4 approximately 

40 seconds of computer time were required by the Configuration Generator 

Programme and 30 seconds by the programme DRAFT. The EAI 3500 plotter re­

quired approximately 15 minutes.

As seen in Table 1, the cost of producing isometric piping draw­

ings by computer-plotter is approximately $16 per drawing. This is based 

on a typical drawing as shown in Figure 4. The cost of manually produc­

ing isometric piping drawings is approximately $25 per drawing. This is , 

an average cost based on the experience of McKenzie [7 ] at Beamer and 

Lathrop. Thus a quite favourable cost advantage may be realized by com­

puterizing the production of isometric piping drawings.

Table 1. Cost of Producing Isometric Piping Drawings via 
Computer-plotter

Description of Operation Time
Approximate 
Cost Rate

Cost, 
$

Draftsman's Preparation of 
Input Sheet

Key Punch Operator

Computer Time (IBM 7040) 
Configuration Generator

 DRAFT

EAI 3500 Dataplotter

Total Cost

1/2 hr

10 min

40 sec
30 sec

15 min

$ 4 per hr

$ 3 per hr 

$320 per hr

$ 28 per hr

2.00

.50

3.56
2.66

7.00

15.72
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Operations 
Performed

NN

Number 
of Line

KVΛL
Direction Scaled Length Plane

Symbol for
Welded Joint

DOT

Unsealed
Length

DIST

Triangulation
Signal

MTRII asign FEET AINCH ΛNUM DENOM .T sir.

1 1 1 +1 2 2 +11 2 2 +1 18 4 3 4 1 +1
3 3 +1 5 6 5 16 3 +1

1 4 1 +1 10 10 1 2 2 -1
I 5 3 +1 4 15 16 2 -1
1 2 +1 3 4 1 +1 1
1 6 1 +1 15 7 2 +1
1 1 2 -1 11 11 1 4 1 +1
1 8 3 +1 7 10 5 16 2
1 9 1 +1 10 10 1 2 2 -1
1 3 +1 4 15 16 2 -1
1 10 2 +1 3 If 1 +1 1
1 11 1 +1 15 7 2 +1
1 10 1 -1 2 2 +1
4 2 2 +1 1
4 7 2 -1 1
3 3 3 +1 1 7 2 +1
3 8 3 1 7 2 +1
2 2 2 +1 121 11 1 4
2 4 1 +1 127 5 5 16 2 -1 1
2 6 1 +1 127 9 5 8 2 +1 12

9 1 +1 129 9 5 16 2 -1
2 11 1 +1 130 1  5 8 2 +1 8

Table 2. Input Required for Producing Figure 4.

2
0



VIII CONCLUSIONS

The method of producing computerized isometric piping drawings, 

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 4, are nearly as easy to read as manually produced drawings [7]. 

With the present situation of shortage of skilled labour, the computer­

ized production of isometric piping drawings is a quite attractive pro­

position. A fuller potential can be realized by computerizing the pro­

duction of the material list and of the requisitioning, thus eliminating 

more time consuming, error prone human operations.

The feasibility study has shown that it is possible to economically 

produce isometric piping drawings via the computer-plotter.

21



IX RECOMMENDATIONS

The computerized, drafting system for producing isometric pining 

drawings, described in this report, is by no means complete. As stated 

in the introduction, operations which are repetitive in nature are easily 

adapted to automated procedure and inherently have the greatest potential 

for being economically justified.

Two such operations, which the author has not included due to 

lack of time, are those of automating the production of the material list 

and parts requisitioning. These could easily be incorporated in the pre­

sent Configuration Generator Programme and printed out on the final draw­

ing. A fuller description is given in Appendix D.

Another development which would increase the versatility of the 

Configuration Generator Programme would be a rotational subroutine for 

generating the built-in symbols and dimensioning in other than coordinate 

directions. At the present stage of development, the programme can gen­

erate main lines in other than coordinate directions by triangulation. 

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 Appendix E.
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APPENDIX A

Experiment on Automatic Removal of Hidden Lines

In order to become familiar with the problems involved in the 

automatic removal of hidden lines, the following experiment was performed. 

The experiment was suggested by Dr. G. Kardos, of McMaster University, on 

the basis of his experience with the project HARP (High Altitude Research 

Project) at McGill University. This project involves the projecting of 

rockets from a large gun. Each rocket is equipped with a control system 

for controlling the rocket’s attitude. A computer analysis of the rocket’s 

behaviour, and from this plots of pitch angle versus yaw angle with time 

as the independent variable, were performed by McGill University.

From these plots, the author attempted to produce an animated 

movie of the rocket's behaviour with the use of the computer-plotter. 

To this end, a simple rocket model was defined in three-dimensional co­

ordinates and read in by the modified programme DRAFT. Pitch and yaw 

axes were defined about the rocket's centre point. Then a series of 

pitch and yaw angles was read in by DRAFT, the rocket rotated about the 

proper axes, and drawn in projection. The next step was to exrose these 

plots successively on movie film and thus produce an animated sequence 

portraying the motion of the rocket.

At this point, it was realized that it was impossible to differ­

entiate between angles into and out of the picture plane (due to hidden 

lines being drawn). To overcome this defect of the automated drafting, 

it was necessary to automatically remove the hidden lines (see Figure 6).

23
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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 P1, P2, P3, and R1,

R2, R3 and R4 were always drawn in the same direction As seen from

Figure 6(i), the line R3, R4, R1 is hidden and should therefore be removed

when P2 has a smaller y-coordinate than a straight line between P1 and

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

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.
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Figure 6. Experiment on Automatic Removal of Hidden Lines 
(i) Rocket at Angle Out of* Paper and (ii) Rocket
at Angle into Paper



APPENDIX B

Configuration Generator Programme (Detailed Description)

In Section IV, a general description of the Configuration Gener­

ator Programme has been presented, broken down by function. Since the 

present discussion is a more detailed, computer oriented description, the 

programme will be broken down by sections, as they appear in the actual 

computer programme. Since the logic involved is quite complicated and 

difficult to describe by flow charts, only simple flow charts are given 

(see Figure 10), and the logic is more fully described in words and fig­

ures, The programme listing, included in Section 10 of this appendix, will 

serve as the most inclusive reference to the logic used in the programmes.

B.l Input

Because the digital computer is a numerical input device, the de­

scription of the drawing must be coded into numbers. Since all symbols 

and other operations performed on the various drawings are similar, it 

became possible to use the same list of arguments for each item to be 

drawn. This simplified the input section considerably and allowed an in­

put sheet to be drawn up.

Following is the list of arguments, in the order in which they 

are read in by the input section of the Configuration Generator Programme. 

The whole list of arguments pertaining to one symbol appears on one line 

of the input sheet, as shown in Table 2.

NN - A control variable coded to the various symbols and other opera­

tions which may be performed.

26
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KVAL - A coding number associated with each line or symbol for identifi­

cation purposes. All lines are numbered sequentially in the 

order in which they are generated. The coordinates of the start­

ing point of branch lines and piping symbols are then chosen by 

the value of KVAL.

I - An integer value of 1, 2 or 3 which specifies the axial direction 

of the line or symbol with directions as shown in Figure 7.

ASIGN - A variable referring to 'I'. It may have a value of +1. or -1. 

which yield the positive and negative directions, respectively, 

as defined in Figure 7.

FEET, AINCH, ANUM, DENOM

- These variables specify the length in feet, inches and fraction 

of an inch, respectively. In the dimensioning section, these 

values appear in the labeled length.

J - An integer value of 1, 2 or 3 which specifies the plane in which, 

the piping symbol or dimensioning is to appear with directions as 

shown in Figure 7.

SIG - A variable referring to 'J'. It may have a value of +1. or -1. 

which place the dimensioning on the positive or negative side of 

the line or piping symbol.

DOT - A control variable to instruct the computer to generate the sym­

bol for a welded joint hereafter called a welding dot. In the 

case of main lines, the welding dot will appear 0.4 feet from the 

end or ends of the line governed by the following values for DOT: 

Blank - no welding dot will appear

2. - welding dots placed near both ends of the line

+1. - welding dot will be placed near last end. of line
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-1. - welding dot will be placed near beginning of line

For the case of the piping symbol, welding dots will appear at 

both ends of the symbol if DOT = 2.; no welding dots will appear 

if DOT is blank.

DIST - If the line is desired to be scaled, DIST is left blank; other­

wise the line will be drawn the length in feet specified in DIST. 

For the case of symbols, they will be inserted the length speci­

fied in DIST from the beginning of the line.

MTRI - If a main line occurs in a direction other than a coordinate di­

rection, MTRI is given a value of 1. This suppresses storage of 

the previous end point and combines it with the present line . 

Triangulation and dimensioning of the triangulation lines is 

possible.

B.2 Operations and Symbols Available

At the present time, the Configuration Generator Programme has a 

catalogue of several piping symbols and various other operations necessary 

in an isometric piping drawing procedure. As stated in Section 1 of Ap­

pendix B, the variable 'NN' is a control variable coded to the various 

symbols and operations. The functions presently available and their coded 

relationship to the variable 'NN' are given below:

1 - The variable 'NN' taking on the value 1 specifies the generation of a 

main line. This line length will be generated at the end of the pre­

vious line or at the end of the line specified by KVAL. The dimension 

lines and dimensioning information related to this line will also be 

generated if called for by the variable SIG.

2 - Instructions will be generated to write C ELEV FEET'AINCH—ANUM/DENOM
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Figure 7. Positive Isometric Directions

Figure 8. Two Typical Piping Symbols Encountered. Showing their 
Relative Dimensions. The Diagrams show a Flanged Globe 
Valve and a Reducer, Respectively.
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where the values for FEET, AINCH, ANUM and DENOM and read in accord­

ing to the input sheet. This information will be written immediately 

above the line specified by KVAL, in the direction and plane specified 

by 'I' and 'J', respectively. The length in feet from the beginning 

of the line to the start of the written material is specified by DIST.

3 - Instructions will be generated to insert the symbol for a flanged 

globe valve (see Figure 8) in the line specified by KVAL. The symbol 

will appear in the direction and plane specified by 'I' and 'J'. The 

symbol will be inserted the length given by DIST from the beginning 

of the line and this length will be dimensioned, if called for by the 

variable SIG.

4 - Instructions will be generated to insert the symbol for a reducer 

(see Figure 8) in the line specified by KVAL. The positive direction 

'of the reducer is defined as the large diameter occurring first, in 

the direction in which the line is drawn. The reducer may be drawn 

in the negative direction by making KVAL the negative value of the 

line number. The other variables have the meaning as defined pre­

viously.

5 - A flange will be drawn at the end of the line specified by KVAL.

6 - An arrow showing direction of flow will be generated at the centre of 

the line specified by KVAL. 'I' and 'J' indicate the direction of 

the line and the plane of the arrow, as before. ASIGN does not re­

fer to 'I’ in this case but specifies the direction of the arrow and 

must have a value of +1. or -1.

7 - The symbol for an unflanged globe valve will be generated in the line 

called for by the variable KVAL. The instructions for the other var-
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iables are as given above.

8 - The variable 'NN' taking on the value '8' indicates that the next 

series of cards will contain lines of alphameric information to be 

printed by the printer head. The variables which have to be defined 

for each line of alphameric information are: KVAL, I, ASIGN, DISTRI, 

J, SIG, DISTJ, ORIENT, V, W, X, Y, and Z. These variables are read 

in by FORMAT (215, 2F5.0, 15, 3F5.0, 5A6). KVAL indicates the line 

from whose end the offset is measured. The offset is the distance

: DISTI in the ASIGN direction of 'I', and the distance DISTJ in the

 SIG direction of 'J'. ORIENT signals the printer to print in the 
 

horizontal or vertical orientation by the values 'O’ and '1', respec- 

tively. The last five variables contain alphameric data, up to thirty 

characters in length which will be printed exactly as they appear.

To signal the end of information to be printed, the variable KVAL 

takes on a value of 99999.

9 - After all the lines and symbols desired have been called, the variable 

'NN' must take on the value of 9. This will initiate the output pro­

cess. All the stored information will be punched out, along with ap­

propriate control cards to instruct the programme DRAFT and the EAI 

plotting package.

B.3 Main Line Generation

In main line generation, the Configuration Generator Programme 

generates three-dimensional coordinates of the end-points of the lines. 

These coordinates, x1, y1 , z1, and x2, y2, z2, are stored in pairs of 

rows in the A-array. Thus each row of three elements defines a point and
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each pair of rows defines a line. The starting point of the first line 

is given the coordinates (0, 0, 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∕DEIIOH)∕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 KVAL. Because 

two end points define a line, the line’s index will be twice KVΛL. The 

following statements code this logic in Fortran:

IF (KVAL.LT.1) GO TO 80

N = KVAL*2

A(1,K-1) = A(1,N)

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

A(3,K-1) = A(3,N)

GO TO 90

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

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

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

A(3,K-1) = A(3,K-2)

90 CONTINUE

The length of the line is then added to the proper coordinate 

direction of the starting point to define its end point. This procedure

is repeated for all the main lines generating the skeleton of the drawing.
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alphameric information (SCRIBE subroutine)

After the complete skeleton of the piping has been generated, the various 

piping symbols can be inserted in the proper lines.

It is to be noted that only lines in one of the coordinate direc­

tions can be generated by the method described above. If the line occurs 

in other than a coordinate direction, this is indicated by the variable 

MTRI taking on a value of '1'. This signals the Configuration Generator 

Programme to suppress storage of the previous line’s end-point and this 

line’s starting point. In this way, the line will be the sum of the trian­

gulation lengths read in. At the same time, the dimensioning is generated 

showing the triangulation lengths.

 At the present time, it is not possible to draw symbols or write 

in other than isometric (co­

ordinate) directions

B.4  Symbol Generation

The main part of the Configuration

ing the variousof instructions for

Generator Programme consists 

piping symbols required in 

making piping drawings. A computed GO TO statement transfers control to 

the proper section of the programme as coded by the variable 'NN'.

The symbols are written in a general way, with the axial direc­

tion of the symbol labeled as 'I' and the plane of the symbol as 'J'. By 

letting 'I' and 'J' take on the appropriate values (see Figure 7), it is 

possible to generate the symbol in any coordinate direction and plane de­

sired. The negative directions of 'I' and ’J’ are specified by '-l.' ap­

pearing in ASIGN and SIG, respectively. The third coordinate direction, 

which will be perpendicular to both the 'I' and 'J' directions, is labeled 

by 'L' and its value automatically set by the statements:
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IF ( I. ME.1. AND. J .NE.1) L = 1

IF (I.NE.2.AND.J.NE.2) L = 2 

IF (l.NE.3.AND.J.NE.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 in the order they are called, and thus in the order 

they are generated. Each line is defined by its two end-points and re­

quires two lines of storage in the A-array. Thus when the number of the 

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

N = KVAL*2

Thus the end-points 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, defending on the length necessary 

for the piping symbol, is left and the line continued to the previous end- 

point. Because the line occurs in the ,I, direction and the piping sym­

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

be affected in this step.

A(I,K) = A(I,N)

A(I,N) = A(I,N-l)+ASIGN*DIST

A(I,K-1) = A(I,N)+ASIGN*(piping symbol length)

This is shown graphically in Figure 9.
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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(I,N), A(L,N).

B.5 Storage in Configuration Generator Programme

The operation of the Configuration Generator Programme is to gen­

erate data which 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 modes must be chosen to draw these different lines. If the 

data were plotted in the same order it was generated, a large number of 

plotter mode and pen changes would be necessary. Since these are time 

consuming operations, the time involved would be unreasonably 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 gen­

eration of the complete plot, each array is punched out. Since each ar­

ray involves one pen change and/or one plotter mode change, 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 package.

DIST

A(I,N-1) A(I,N) A(I,N-1) A(l,N) A(l,K-l) A(I,K)
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The arrays were labeled as A, B, D, E, C and IL. The main lines 

are stored in array A and the dimension lines in array B. In these two 
 

arrays, x, y, z coordinates defining a point are stored in the three ele­

ments of each horizontal row. Each odd-numbered row defines the starting 

point of a line segment and the next row the end-point of this line seg­

ment. In array D, the welding dot points are stored. Here again, the 

three elements of each row are the x, y, z coordinates of .a point. The 

alphameric data and accompanying information is stored in arrays C and 

IL. For each line of alphameric data to be plotted, the starting point 

must be specified as well as the base angle, character slant and the in­

formation to be plotted. This is accomplished by making each array (C 

and IL) five elements wide, and incrementing them simultaneously. The 

first three elements of 'C' are used to store the x, y, z coordinates of 

the starting point. The fourth and fifth elements are used to store BSEAΠG 

(the base angle) and SLTANG (slant of the characters). The first four ele- 

ments of 'IL' are set equal to FEET, AINCH, ANUM and DENOM from the input 

data. The fifth element in 'IL' is coded as '1' or ,2, to write FEET' 

AINCH-ANUM∕DENOM or C ELEV FEET'AINCH-ANUM∕DENOM, respectively.

It is not always necessary for the alphameric information to be 

in the isometric plane. In this case it is desirable to use the printer 

head to print the data because of its greater speed. Nine storage loca­

tions (array E) are required to retain one line of data to be printed. 

The first three storage locations are necessary to store the three co­

ordinates (x, y, z) of the starting point of the printing, the fourth lo­

cation for ORIENT (0 for horizontal orientation and 1 for vertical orien­

tation). The last five storage locations store up to thirty characters 

of alphameric data, exactly as read in.
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Figure 10. General Flow Chart for Configuration Generator Programme 
(a) Input Phase
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NO

(generate main line)

YES

(set starting point of new 
line at end of previous line)

new
line

(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 dimen­

sioning)
AAD = A(I,K) 
AΛE = A(J,K) 
AAF = A(L,K)

(return to 
beginning)

NO

(generate dimensioning)

Figure l0(b) Γ'ain Line Generation
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Figure l0(c) Flow Chart to Generate Instructions 
for Plotting Alphameric Information
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Figure 10(d) Flow Chart Showing Generation of 
Flanged Globe Valve, Reducer and 
Globe Valve
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Figure 10(e) Flow Chart of Dimensioning Section



42

 Array A

Starting points and end-points coordinates of main lines.

x1 y1 z1
x2  y2 z2

Array B

Same as array A for dimension lines.

 Array 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 y1 z1 BSEANG SLTANG

Array IL

SCRIBE information to appear in dimensioning.

Fraction of Inch

Feet Inches numerator Denominator Control 
Character 
for PRINT 
or SCRIBE

Array E

SCRIBE information for other labeling.

×1 y1 z1 ORIENT ∙ 30 characters of alphameric data

Figure 11. Storage in Configuration Generator Programme
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B.6 Dimensioning

As stated in the input sheet instructions, dimension lines and 

dimensioning information will he generated if the variable SIG is other 

than blank or zero. SIG indicates on which side of the line or symbol 

the dimension 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, 

the starting point of the first character of the dimensioned information 

must be computed. This is done by computing the centre of the dimension 

line and adding or subtracting predetermined lengths in the 'I' and 'J' 

directions. The correct direction for the ,I, offset is labeled by ASIGN 

and determined from the diagrams in Figure 12. The logic in Figure 12 
can be coded in computer language as:

ASIGN = +1.

IF ((I.EQ.1).OR.(I.EO.3)) ASIGN = -1.

C(I,MN) = (AAA + AAD)∕2. + ASIGN*1.0

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

determined from the diagrams of Figure 12. In computer language, this 

becomes :

SIG = +1.

IF ((I.EQ.l).AND.(J.EQ.2)) SIG = -1.

IF ((I.EQ.2).AND.(J.EQ.1)) SIG = -1.

IF ((I.EQ.3).AND.(J.FQ.1)) SIG = -1.

C(J,MN) = B(J,M) + SIG*O.1
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Because the writing is to be done in the plane of the drawing, 

it is necessary to know the base angle (BSEANG) and the slant of the 

characters (SLTANG) in addition to the coordinates of the starting point. 

As can be seen from the diagrams of Figure 12, it is possible to deter­

mine these variables from the 'I' and 'J' values. The variables BSEANG 

and SLTAΓIG are stored in the C-array as C(4,MN) and C(5,MN), respectively. 

In computer language this logic can be written as:

IF (I.EQ.l) C(4,MN) = -30.

IF (I.EQ.2) C(4,MN) = 30.

IF (I.EQ.3) C(4,MN) = 90.

C(5,MN) = +30.

IF ((I.EQ.1).AND.(J.EQ.3)) C(5,MN) = -30.

IF ((I.EQ.2).AIID.(J.EQ.l)) C(5,MN) = -30.

IF ((I.EQ.3).AND.(J.EQ.2)) C(5,MN) = -30.

All these variables are stored and punched out one array at a 

time as described in Section 7 of this appendix.

B.7 Output

This phase of the Configuration Generator Programme is triggered 

by the last input card where 'NN' takes on the value '9'. In this sec­

tion, the stored data along with the appropriate control cards to control 

the plotting package are punched out. First the main line data is punched 

out. The control card is written according to FORMAT (6H99999. ,7X,2H2. , 

18X,2H1.). The first group of characters (99999.) tel∙ls DRAFT that this 

card is a control card. The second group (2.) tells the plotting package 

which pen to choose, in this case the medium width (pen #2). The third



SLTANG = +30o
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group (1.) tells the plotting package which plotting mode to enter, in 

this case the line mode. Then the A-array is punched out, such that two 

rows appear on each card. In this way each card contains x1 , y1, z1 and 

x2, y2, z2, defining the two end-points of a line segment.

After the last card of this array has been punched, another con­

trol card is punched. This control card is punched according to FORMAT 

(6H99999. ,7X,2H3. ,18X,2H1. ). Again 99999. identifies this to be a con­

trol card. The second group (3.) tells the plotting package to pick pen 

#3, the thin width. The third group (1.) again instructs the plotting 

package to enter the line mode. Then the B-array, which contains the co­

ordinates used in drawing dimension lines, is punched out.

Upon completion of output from the B-array, another control card 

is punched to set the correct parameters in the plotting package for en­

tering the SCRIBE subroutine. The format for this control card is 

(6H99999.,7X,2H3.,18X,2H4.). Again pen #3 (thin width) is called, and 

the numeral 4 appearing in the third group is a signal to DRAFT to read 

the succeeding data as SCRIBE information and to call the SCRIBE sub­

routine from the plotting package. The C- and IL-arrays are then punched 

simultaneously. The first three elements of the C-array contain x, y, z 

coordinates of the starting points of the alphameric information. The 

next two elements of the C-array contain the baseangle and the character 

slant of the alphameric information. The first four elements of the IL- 

array contain the length in feet, inches and fractions of an inch. The 

fifth element of the IL—array contains the signal 1 or 2 to indicate the 

length is to be written as FEET'AINCH-ANUM∕DENOM and C ELEV FEET'AINCH-

ANUM/DEIJOM, respectively. In order to avoid writing zeroes in the dimen-
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sioned length, the elements of the IL-array are checked for zeroes and 

corresponding formats used in the output.

Then the welding dot D-array is punched out. The control card is 

punched according to format (6H99999. ,7X,2H1. ,18x,2H2. ). This will sig­

nal the plotting package to select pen #1 (very wide) and to enter node 

#2, which is the point mode. The data from the D-array is punched two 

rows per card such that each card contains x1, y2, zz1 and x2, y2, z2, the 

coordinates of two points to be plotted.

The final array to be punched out is the E-array. This array con­

tains the data to be printed by the printer head. The control card is 

punched according to format (6H99999.,7X,2H1.,18x,2H2.). For the printed 

output, a pen is not required, but to simplify programming of DRAFT we 

merely select the same pen as used in the previous array. The last group 

(3) is a signal to DRAFT to enter the printing mode. The first three 

elements of the E-array are the x, y, z coordinates of the starting point 

of the printed information. The fourth element is either 0 or 1, which 

chooses the horizontal or vertical orientation, respectively, for the 

printed information. The last five elements of the E-array contain up 

to thirty characters of information to be printed exactly as they are 

read in.

The final card is punched according to format (6H99999.), indi­

cating it to be a control card and that no more data cards are to be read 

in.

During the output, if any of the arrays A, B, D, E, C or IL con­

tain no entries, the programme will automatically cause its control card 

and output of that array to be omitted.
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B.8 Definition of Variables and Fortran Names

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

in Section 1 of this appendix. Other variables whose meaning might be 

useful to future users of this programme are listed below, along with a 

short description:

L The coordinate which remains constant during the generation of any 

line, piping symbol or dimensioning.

A Array of main line and piping symbol coordinates. Each 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.

K ∙ Index of A-array

B Array of dimension line coordinates. Two rows of storage are re­

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

the thin width pen.

M Index of B-array

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

each welding dot.

LN Index of D-array

E Array of data to be plotted by SCRIBE routine. Storage locations 

contain coordinates of starting point, orientation of scribed in­

formation and thirty characters of information to be scribed.

II Index of E-array

C Array of starting coordinates, base angle and character slant of 

information to be plotted as dimensioning.

IL Array of length to be plotted as labeling of dimensioning. Con-
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tains feet, inches, numerator and denominator.

MN Index of C-array and IL-array. Both arrays are 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 perpendicular 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 must be pun­

ched according to the Fortran format given below:

Format(3I5,5F5.0,15,3F5.O,15)

To signal the end of data and cause the computer to enter the output phase 

of this programme, a value of 9 must appear in the first field of the data

card.
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B. 10 Computer Listing of the Configuration Generator Programme



D3 WATFOR 003711 PAULS 060 010 030

3J03 NOD≡CK 51

EFTC CONFIG 

DIMENSION A(3, 500), R(3,500), C(5,100), IL(5, 100), D(3,500),

1E(9,50)  

DO 10 I = 1, 3 

DO 10 J = 1, 500 

A( I , J ) = 0.0 

B ( I , J ) = 0.0 

10 D(I,J) = 0.0 (set all the array locations
equal to zero) 

DO 17 I = 1,5

DO 17 J = 1, 130

C(I,J ) = 0.0 

17 IL(I,J) = 0

DO 18 I = 1,9

DO 18 J = 1,50

18 E(I,J) = 0.0 

K = 2 

M = 2 

MN = 1 

LN = 1 

II = 1

20 READ (5,30) NN,KVAL,I , AS I GN , FEET , AINCH , ANUM , DENOM, J , ≡ SIG, DOT ,DIST 

1 , MTRI (read in one line of input data)

30 FORMAT (3I5,5F5.0, I 5,2 F5 . 0 , I 5 ) 

 IF (I.NE.1.AND.J.NE.1) L = 1

IF ( I .NE. 2 . AND. J .NE. 2 ) L = 2 (compute value of constant coordinate)

IF (I.NE.3.AND.J.NE.3) L = 3 

CONTROL IS TRANSFERRED TO THE CORRECT SECTION OF THE CATALOGUE

DEPENDING ON THE SYMBOL DESIRED.



GO TO (40, 100 ,300,400, 500 , 600 , 700  , 800 , 900 ), NN 52

GENERATE COORDINATES OF MAIN LINES

40 IF (KVAL.LT.]) GO TO 80

N = KVAL * 2 (set index of beginning of
  branch line)

IF (N.GE.K GO TO 80

A(1,K-1) = A(1,N)

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

A(3,K-1) = A(3,N)

GO TO 90

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

A(1,K-1)= A(l,<-2)

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

A(3,K-1)= A(3,K-2)

90 IF ( DENOM. EQ . 0 . ) DENOM = 1. - (add length of line to proper coordinate)

A (I,K) = A(I,K-1) + ASIGN*(FEET +(AINCH + ANUM∕DENOM)/12. )

IF (ABS(A(I,K)-A(I,K-1) ).GT.18.) A(I,K) = A(I,K-1 )+ASIGN *18 .

IF (DIST.NE.0. ) A(I,K) = A(I,K-1) + ASIGN * DIST

A(J,K) = Λ(J,K-1)

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

IF (DOT.EQ.0.) GO TO 87

IF (DOT.EQ.(+1.)) GO TO 86

D(I,LN) = A(I,K-1) + ASIGN*0.4
(generate symbol for welded joint)

D(J,LN) = A(J,K-1)

D(L,LN) = A(L,K-1)

LN = LN + 1

IF (DOT.EQ.(-1.)) GO TO 87

86 D(I,LN) = A(I,K) - ASIGN*0.4

D(J,LN) = A(J,K)

D(L,LN) = A(L,K)

KVAL.LT


LN = LN + 1 53

37 IF (MTRI.EQ.0) GO TO 92

B( I ,M-1 ) = A( I, K-1 )

B(J,M-1) = A(J,K-1) 
(triangulation for non-coordinate

B(L,M-1) = A(L,K-1) direction lines)

B ( I , M ) = A ( I , K ) 

B(J,M ) = A(J,K)

B(L,M) = A ( L , K )

M = M + 2

9 2 AAA = A(I,K-1)

AAB = A(J,K-1)

AAC = A(L,K-1)  (set starting coordinates for
  generating dimensioning)

AAD = A(I,K)

AAE = A(J,K)

 AAF = A(L,K)

IF (MTRI.LE.1) GO TO 97

K = < - 2

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

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

A(3,K-1) = A(3,K-2)

A(1,K) = A(1,K+2)

A(2,K) = A(2,K+2)

A(3,K) = A(3,K+2)

997 K = K + 2
[IF SIG.EQ.0.) GO TO 20 (if line is not to be dimensioned,

return to statement 20)
DD=2.6

SKIP = 0.2

GO TO 1500

000 N = KVAL * 2
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DD = 0.1

C(I,MN) = A(I,N-1) + (ASIGN*DIST)

IF (I,EQ.3) GO T0 20

IF ( ( I .EQ. 1 ) .AND. ( J . EC. 2 ) ) DD= -DD (compute starting point coordinates
of labeling)

IF ((I.EQ.2).AND.(J.EQ.1)) DD= -DD

C(J,MN) = A(J,N-1) + DD

C(L,MN) = A(L,N-1)

GO TO 1512

20 I L ( 5 , MN ) = 2

MN = MN + 1

GO TO 20

300 V = 1. (length of valve)

GENERATE SYMBOL FOR FLANGED GLOBE VALVE

MV = 1

N = KVAL * 2

A(J,K-1) = A(J,N)

A(J,K) = A(J,K-1)

A(L,K-1) = A(L,M)

A(L,K) = a(l,K-1)

A ( I , K ) = A ( I , N )

A(I,N) = A(I,N-1) + ASIGN*DIST

A(I,K-1) = A(I,N) +ASIGN*V*1.25

AAA = A(I,N-1)

AAB = A(J,N-1)

AAC = A(L,N-1) (set starting coordinates for
generation of dimensioning)

AAD = A(I,N)

AΛE = Λ(J*N)

AAF = A(L,N)



55A(I,K+1) = A(I,N)

A(J,,K+1) = A(J»N) - V∕4.

A(L,K+1) = A(L,N)

IF (DOT. E.Q.) GO TO 310

D(I,LN) = A ( I , N )

D(J,LN) = A(J,N)

D(L,LN) = A(L,N)

LM = LN + 1

D(I,LN) = A( I ,K-1 )

D(J,LN) = A(J,K-1)

D(L,LN) = A(L,K-1)

LN = LN + 1

310 K = K + 2 2

A ( I » K) = A(I,K-1)

A(J,K) = A( J,K-1) + V∕2.

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

A(I,K+1) = A(I,K) + ASIGN *V∕8

A(J,K + 1) = A(J√K)

A(L,K + 1 ) = A(L,K)

K = K + 2

A ( I , K ) = A(I,K-1) + ASIGN * V

A(J,<) = A(J,K-1) - V∕2.

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

A( I ,K + 1 ) = A ( I , K )

A(J , K+ 1 ) = A ( J , K )

A(L,K+1) = A(L,K)

κ = κ + 2

a ( I , K) = A(I,K-1 )

A(J,K) = Λ(J,K-1) + V∕2.
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A(I,K+1) = A(I,K)

A(J*K+1) = A(J,K)

A(L,K + 1) = A(L,K)

K = K + 2

A(I,K) = A(I,K-1) - ASIGN * V

A (J, K) = A(J,K-1) - V/2.

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

A( I ,K + 1 ) = A ( I , K )

A(J,K+1) = A(J, K)

A(L,K+1) = A(L,K)

K = K + 2

A(I,K ) = A(I,K-1)

A(J,K) = A(J,K-1 ) + V/2.

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

A(I,K + 1) = A(I,K) + ASIGN*V*1. 12 5

A(J,K+1) = A (J, K)

A(L,K+1) = A(L,K)

κ = κ + 2

A(I ,K ) = A( I , K-1 )

A (J, K) = A(J,K-1) - V/2.

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

K = K + 2

IF (SIG.EQ.O. ) GO TO 20

DD = 1.8 

SKIP = 0.4

GO TO 1500

400 DI AL = 0.9

GENERATE SYMBOL FOR REDUCER
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IF (KVAL.GT.0) GO TO 405

DIAL = 0.6

DIA2 = 0.9

05 N = ABS(KVAL)*2

AAA = A(I,N-1 )

AAB = A(J,N-1)

AAC = A(L,N-1)

("beginning coordinates of 
dimensioning)

A(J,K-1) = A(J,N)

A(J,K) = A(J,K-1)

A(L,K-1) = A(L,N)

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

A ( I , K ) = A ( I , N )

A ( I , N ) = A ( I , N-1) + ASIGN*DIST

A(I,K-1) = A(I,N) +ASIGN*0.72

A(I,K+1) = A(I,N) ,

IF (DOT.EQ.O.) GO TO 410

D(I,LN) = A( I , N)

D(J,LN) = A(J,N)

D(L,LN) = A(L,N)

LN = LN + 1

DC (I,LN) = A(I ,K-l)

D(J*LN) = A(J,K-1)

D ( L » L N ) = A ( L , K -1 ) 

LN = LN + 1

410 K = K + 2

AAD = A(1,K-1)
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AΛF = A(J,<-1)

AAF = A(L,K-1)

A(I,K) = A(I,K-1) 

A(J,K) = A(J,K-1) + DIA1/2.

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

A( I ,K + 1 ) = A( I ,K)

A(J,K+1) = A(J,K)

A(L,K+1) = A(L,K)

K = K + 2

A(I,K) = A(l,K-1) + ASIGN*0.72

A(J,K) = A(J,K-1) - DIA1∕2. + DIA2∕2.

A(L√<) = A(L√<-1)

A( I ,K + 1 ) = A( I ,K)

A(J,K+1) = A(J,K)

A(L,K+1) = A(L,K)

K = K + 2

A( I ,K) = A(I,K-1)

A( J,K) = A(J,K-1) - DIA2

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

A(I,K+1) = A(I,K)

A(J,K + 1) = A(J,K)

A(L,K+1) = A(L,K)

K = K + 2

A(I,K) = A(I,K-1) - ASIGN*0.72

A(J,K) = A(J,K-1) + DIA2∕2. - DIA1/2.

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

A( J ,K+1) = A(J,K)

A( I ,K + l ) = A ( I ,K)

A(L,K+1) = A(L,K)
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K = K + 2

A(I,K ) = A( I,K-1)

A( J,K ) = A( J, K-1 ) + DI Al

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

K = K + 2 

IF (SIG.EQ.O.) GO TO 20

DD = 1.8

SKIP = 0.4

GO TO 1500

GENERATE SYMBOL FOR FLANGE

5 00 N = KVAL * 2

A( I ,K-1 ) = A ( I ,N)

A(J,K-1) = A(J,N) - 0.25
A(L,K-1) = A(L,N) 

A ( I , K) = A( I ,K-1)

A (J,K) = A(J,K-1) +0.5

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

K = K + 2

GO TO 20

600 N = KVAL * 2

GENERATE ARROW IN CENTER OF LINE TO INDICATE FLOW DIRECTION

AL = 0.8

A(I,K-1) = (A(I,N) + A ( I , N-1))/2 .

A(J,K-1) = A(J,N) + AL/6.

A(L,K-1) = A(L,N)

A(I,K) = A(I,K-1) + ASIGN*AL

A(J,K) = A(J,N)

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

K = K + 2
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A( I,K-1) = A(I,K-2)

A(J,K-1) = Λ(J,K-2)

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

A(I,K) = A(I,K-3)

A(J,K) = A(J,M) - AL∕6.

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

K = K + 2

GO TO 20

700 V = 1.5

GENERATE SYMBOL FOR GLOBE VALVE

N = KVAL * 2

AAA = A(.I,N-1)

AAB = A(J,N-1)

AAC = A(L,N-1)

A(J,K-1) = A(J,M)

A( J,K) = A( J,K-1 )

A(L,K-1) = A(L,N)

A(L,K) = A(L,<-1)

A ( I » K ) = A ( I » M )

A(I,N) = A(I,N-1) + ASIGN*DIST

A(I,K-1) = A(I,N) +ASIGN*V

A(I,K+1) = A(I,N)

A(J,K+1) = A(J,N-1) - V∕4.

A(L,K + 1) = A(L,N-1)

AAD = A(I»N)

AAE = A(J,N)

AAF = A(L,N)

K = K + 2

A(I,K) = A(I,K-1)



A(J,K ) = AC(J,K-1) + V∕2. 61

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

A( I ,K + 1 ) = A( I ,K)

A(J,K+1) = A(J,K)

A(L,K+1) = A(L,K)

K = K + 2

A(I,K) = A(I,K-1) + ASIGN * V

AC J,K ) = A(J,'<-1 ) - V∕2.

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

A(I,K+1 ) = A(I,K)

A(J,K+1) = A(J,K)

A(L,K+1 ) = ACL,K)

K = K + 2 

AC I ,K ) = AC I √<-l )

A(J,K) = A(J,K-1) + V∕2.

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

A(I,K + 1) = A(I,K)

A(J,K+1) = A(J,K)

A(L,K+1) = A(L,K)

K = K + 2

A(I,K ) = A(I,K-1) - ASIGN*V

Λ(J,K) = A(J,K-1) - V∕2.

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

κ = κ + 2

IF (SIG.EQ.O.) GO TO 20

DD = 1.3

SKIP = 0.4

GO TO 15OC (read line of information for labeling

8 00 PEAD (5,810) K VAL , I , AS IGN , D I ST I , J , SIG ,D I ST J, OR IENT , V ,M, X , Y, Z



810 FORMAT (2F5 ,2F5,0,I5,3F5,0, 5 A6)

IF (KVAL.GE.900) GO TO 20

N = KVAL*2

IF (I.NE.1.AND.J.NE.1) L = 1

IF ( I.NE.2. AND.J.NE.2) L = 2

IF (I.NE.3.AND.J.NE.3) L = 3

E(I,II) = A(I,N) + ASIGN*DISTI

E(J,II) = A(J,N) + SIG*DISTJ

E ( L , I I ) = A ( L , N )

E(4,I I ) = ORIENT

E ( 5 , I I )  = V

E ( 6 , I I ) = W
E ( 7 , I I ) = X

E(8 , I I) = Y

E(9, I I) = Z

II = ll +1

GO TO 800

5 0 0 A L = 0. 5

GENERATE DIMENSIONING LINES AND DIMENSIONING INFORMATION

B(I,M-1) = AAA

B(J,M-1) = AAB + SIG*SKIP

B(L,M-1) = AAC

B(I ,M) = B( I ,M-1 )

3(J,M) = B(J,M-1) + SIG*DD

B(L,M) = B(L,M-1)

M = M + 2

B(I,M-1) = AAD

B(J,M-1) = AAE + SIG*SKIP

B(L,M-1) = AAF



B(I,M) = B(I,M-1)
63

B(J,M) = F. (J,M-1) + SIG*DD

B(L,M) = 3(L,M-1)

M = M + 2

3( I ,M-1 ) = B( I ,M-2 )

B(J,M-1) = 3(J,M-2) - SIG*SKIP

3(L,M-1) = B(L,M-2)

B(I,M) = B(I ,M-4)

B(J,M) = 5(J,M-4) - SIG*SKIP

B(L,M) = B(L,M-4)

12 IL(1,MN) = FEET

IL(2 ,MM) = AINCH

IL ( 3 ,MN ) = ANUM

IL(4,MN) = DENOM

IF (I.EQ.1) C(4,MN) = -30.

IF (I.EQ.2) C ( 4 , MN) = 3 0.

IF (I.EQ.3) C(4,MN) = 90. (set base angle and slant of
lettering)

C(5,MN) = +30.

IF ((I.EQ.1).AND.(J.EQ.3)) C(5,MN) = -30.

IF ((I.EQ.2).AND.(J.EQ.1)) C(5,MN) = -30.

IF ( ( I .EQ.3) .AND. ( J. EQ.2 ) ) C(5,MN) = -30.

114 IF (NN.EQ.2) GO TO 120

AS IGN = +1.

IF ( ( I.EQ.1).OR.(I.EQ.3 ) ) ASIGN = -1.

C(I,MN) = (AAA + AAD)∕2. + ASIGN*1.0

SIG = +1. (set starting coordinates of
dimensioning label)

IF ((I.EQ.1).AND.(J.EQ.2)) SIG = -1.

IF ((I.EQ.2).AND.(J.EQ.1)) SIG = -1.

IF ((I.EQ.3).AND.(J.EQ.1)) SIG = -1.
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GO TO 1100
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NTRY



APPENDIX C

Digital Computer Programme DRAFT

C.1 Operation of the Programme DRAFT

The three-dimensional (X, Y, Z) coordinates of all the end-points

are read in. Mathematical operations are performed on each point and 

transformed to the new coordinates (X*, Y*, Z*). If these operations are 

performed on all the points, the whole model will be transformed as de­

sired. The operations can be defined easily in a mathematical form.

(1) To translate the object by an amount ΔX, ΔY and ΔZ in the re­

spective directions X, Y, Z 

X* = X + ΔX

Y* = Y + ΔY

Z* = Z + ΔZ

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 0 about the Y-axis

69

(2) To rotate the object by an angle θ about the X-axis
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(4) To rotate the object by an angle θ about the Z-axis

After performing the required mathematical operations on all the 

points, the model will be in the desired orientation and position, but 

still in three-dimensional (X, Y, Z) 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 Ppp. For all calculations we shall 

use a Cartesian system 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 triangles

Solving for the needed quantities we get:

and
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These are the coordinates (X', Y,) of the image point P 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 Figure 13, the magnification of the reproduc­

tion will be DP∕DO. A perspective drawing can be achieved by making DP 

an<i DO small. The drawing will become an orthographic projection if both 

DP and DO are made very large.



Figure 13. Perspective Geometry
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C.2 Modifications to the Programme DRAFT

The programme DRAFT had to be modified to make it suitable for 

plotting isometric piping drawings, and to make it compatible with the 

EAI 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 48—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 (34, XCOR, YCOR)

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

surface is set to the coordinates XC0R, YCOR in inches relative to the 

lower left-hand corner of the plotting board.

CALL PLOT (31, 4)

This sets the error procedure to procedure 4, where an error message will 

be printed and control returned to the user’s programme, if for instance 

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

CALL PLOT (32, 1)
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This sets the units to inches, 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 basic 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 degrees. 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 by another control card.

Following 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 -45o

Rotate about X-axis by 54.7356o

These rotations were performed on the coordinates of all the

points, including the starting points of the alphameric data. These 

three-dimensional points then have to be transformed into two-dimensional 

points so they can be plotted. This transformation is accomplished by



75

the following mathematics:

By making DP (distance from the eye to the picture plane) and DO 

(distance from the eye to the object origin) both large, the resulting 

coordinates will be in projection, Λs these coordinates (x*, γ*) are 

computed, they are scanned for the largest and smallest 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 - SMAY)∕12. 

IF (XSCALE.GT.YSCALE) YSCALE = XSCALE 

IF (YSCALE.GT.XSCALE) XSCALE = YSCALE

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

necessary to prevent distortion from the isometric form.

Using these computed scaling factors and the limits in the co­

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

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

can be written as

XORIG = 15.0 - ((BIGX+SMAX)∕12. )∕XSCALF

YORIG = 11.35 - ((BIGY+SMAY)/12.)/YSCALE

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

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 paper corner and XSCΛLE and YSCALE are the scaling factors 

in user’s units per inch of hoard 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 along 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 which 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 card signals main line plotting, 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 narrow 

width pen will be chosen.

The PLOT subroutine is entered, and various other line mode para- 

meters 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 line mode is chosen (lines segmented 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)

Xl, 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 lift the pen and move to this position using the calculated scaling 

factor.

 CALL PLOT (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 plotting package is 

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

tions are described below:

CALL PLOT (19, KTYPE)

  value of '1'. which is the instructionIn this case KTYPE will have the value or '1' ,
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to pick the wide pen for plotting.

CALL PLOT (15, 1, 1)

By this statement, the plotter is instructed to enter the point mode and 

plot points with the most recently selected pen.

CALL PLOT (1, X1, Y1)

The pen moves to the point XL, Yl, 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 

repeated until another control card is encountered.

NSIG = 3

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

information, A(1,I+1) of the control card will take on the value '3'. Then 

each succeeding 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 be printed. The orientation can be either '0' for 

horizontal or '1' for vertical. From this the X—incrementation and Y- 

incrementation between letters is computed by the following statements:

LLL = A(1,I+1) (orientation) 

IF (LLL.EQ.0) GO TO 595 

XINC = 0.0

YINC = 0.1

GO TO 596

595 XINC = 0.1

YINC = 0.0
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A line of data will be printed by the following statement :

, CALL PRINT (C(1,MM) ,3O,LLL,X1,Y1,XIIIC,YINC)

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

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 = 4

The value of NSIG = 4 read from the control card will cause the 

programme to enter the SCRIBE subroutine and plot the alphameric infor­

mation according to the succeeding card instructions. Each card contains 

 
the X, Y, Z coordinates of the starting point, the baseangle, the slant 

and the alphameric information to be plotted. The starting point is com­

puted by DRAFT and then scaled to the same units as the plotted data.

The SCRIBE subroutine is called from the plotting package by

CALL SCRIBE (c(l,MM),30,Xl,Yl,0.10,Λ(l,I+l),A(2,I+l))

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

indicates there are 30 characters to be plotted, X1, Y1 are the coordinates 

Of the starting point, 0.10 is the height of the characters in inches, 

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

NSIG = 0

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

gramme .
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C.3 Computer Listing of the Modified Programme DRAFT

For a detailed description of the programme DRAFT as written by 

the Grumman Aircraft Corporation see reference [3]. The modifications 

have been described in Section C.2. In the listing that follows, some 

of the modifications made have been briefly described.
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(choose proper pen)
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(find maximum and minimum coordinates 
in the x- and y-directions)

(compute scaling factor)

(compute origin)

(plot straight line between points 
(×1, y1) and (x2,y2))

(plot symbol for welded joint at 
(x1, y1) and at (x2, y2))
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(plot dimensioning labels using 
SCRIBE routine)

(plot labels using PRINT routine)
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(set up starting point 
of new plot)



APPENDIX D

Material List (Recommendations)

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 each of these fittings and the various pieces 

of hardware. These counters have to all be set to zero at the beginning 

of the programme. Within each subsection of the programme, where the 

symbols representing the various fittings are generated, additional pro­

gramming is necessary to increment the appropriate counters when 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 KGAS4, then the following state­

ment would store this in the computer’s memory:

KGAS4 = KGAS4 + 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 material list could be 

punched out, with an appropriate control card preceeding.
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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, 13, 2X, 21H FLANGED GLOBE VALVES) 

WRITE (7, 1300) KGAS4

1300 FORMAT (30X, 13, 2X, 15H 4 INCH GASKETS)

The programme DRAFT would then be instructed to read this data by 

an A-format and store it as alphameric data in the array C. (DRAFT allows 

a maximum of 30 characters per line of alphameric data.) Upon entering 

the output stage, the starting coordinates of the first line can be set 

to X = 12 and Y = 12. The succeeding lines can be incremented down the 

page by the statement

Y = Y + 0.5

The plotter can then be instructed to plot this data by the statement 

CALL PRINT (C(l,I), 30, 0, X, Y, 0.1, 0.0)

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

been printed out.



APPENDIX E

Rotational Subroutine (Recommendations)

At the present stage of development of the plotting system, the 

Configuration Generator Programme may generate symbols, dimension lines 

and labeling (SCRIBE) in coordinate directions only. Occasionally situa­

tions are encountered where sections of piping occur in other than the 

coordinate directions. This special case can be taken care of by incor­

porating in the programme the rotational section of DRAFT. This has been 

called the subroutine ROTATE. The following information is required by 

this subroutine to rotate a particular segment of the drawing stored in 

the A, B, D and C arrays: THETA, NAXIS, KSTART, K, MSTART, M, LNSTAR, 

LN, MNSTAR, MN. Here MAXIS refers to the axis about which the rotation 

is to take place (1, 2 or 3); THETA is the angle in degrees of the desired 

rotation. These two parameters will have to be added to the input sheet 

to bring them under the user's control. The variables KSTAPT, I∙!START, 

LNSTAR and MNSTAR will have to be defined by the Configuration Generator 

Programme. These variables could be redefined at the start of generation 

of each line or symbol, thus always available if that section is to be 

rotated. The variables K, M, LN and MN are the current indices of the 

arrays A, B, D and C and thus become the upper limits of the sections to 

be rotated. After all the sections of the above arrays have been gen­

erated, the subroutine may be called from the main programme by the fol­

lowing statement:

IF (NAXIS.NE.0) CALL ROTATE
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The subroutine will rotate all the desired sections of storage and store

each entry 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 application. The variables described above are transferred 

to the subroutine by a COJWON statement. Depending upon the axis about 

which the rotation is to occur (∏AXIS) and the angle of rotation (THETA), 

the variables DI, D2, D3, D⅛, 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 origin (0, 0, 

0), but rather about some point P1 (x^, y^, z1) (see Figure it), The way 

the mathematics is written, the rotation must occur about the origin; 

thus the origin has to be shifted to the point P^. This is done by sub­

tracting the coordinates (x^, y1, z^) of the point P^ 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 (x^, y^, z^) of the point 

P1 to the coordinates (U, V, W). 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 Generator Programme.

ORIGIN(0,0,0)

Figure 14. Desired Rotation of Section P1 P2, by Angle
THETA, about Point P1
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The subroutine ROTATE described above should increase the versa­

tility of the Configuration Generator Programme 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 horizontally or vertically.
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APPENDIX F

Subprogramme to Generate Arc between Two Perpendicular Lines

In order to produce computer generated drawings more closely re- 
 

sembling manually produced drawings, it was decided to add a subprogramme 

to generate arcs depicting 90o bends between pairs of perpendicular lines. 

The information required for this subprogramme was found to be: location 

in storage of the coordinates (3-dimensional) defining the end-points of 

the two lines, the directions of these two lines, the radius of the bend 

and the number of points desired around the bend. After reading in these 

variables, the first step is to see in which direction these lines run 

and add or subtract the length of the radius ,R, from one end of each line 

to leave a space for the arc. These coordinates also define the centre 

of curvature of the arc (see Figure 15).

As the Configuration Generator Programme is set up, the lines can 

only be in coordinate directions, and since the subprogramme has computed 

the centre of curvature, the 90o arc can be generated in four different 

positions (see Figure 15). Beginning with (θ+∆θ)o and (θ+∆θ)o, coordinates 

of the first point are computed by the statements:

A(I,K) = A(I,J) + R*cos (θ+∆θ)
(1) 

A(L,K) = A(L,M-1) + R*sin (θ+∆θ)

These coordinates are compared with the altered end-point coordi­

nates of both the lines. If the comparison proves this point of the arc 

to coincide (within R∕lθ), with either line end-point, then the coordi­

nates of the points around the curve are computed. If the first point of 

the arc does not coincide with either line end-point, 0 is increased by 
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9□o and the comparison repeated. Once the beginning of the arc is found 

to coincide with a line end-point, the rest of the arc is generated by- 

incrementing ∆θ from 0 to 90o (Eq. (1)). The end point of the arc, when 

∆θ = 90o, is compared with both end-points of the lines. If the arc end­

point coincides with one of the line end-points, we have the correct arc. 

If not, θ is again incremented by 90o 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 storage locations were re­

quired for each arc. It was decided that the additional cost in computer 

and plotter time were not justified in the slight improvement in the plot.

For this reason this section was deleted.
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(a) Modifications required to a Pair of Lines to leave Room, for 
 a 90o Arc

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

Figure 15. Subroutine to Generate Arc between Two 
Perpendicular Lines
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