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A set of parameters is described by which a designer can easily 

express a shaft to a comp•Jter numerically. Relationships of these 

p·':lrameters to different shaft geometries are described. Logic is 

provided for translation from the designer 1s parameters into para-

meters convenient for manipulation by the computer and for de-

tecting inconsistencies in the designer1s description of a shaft. 

Details are given of logic by which a computer can plan loco-

tions for shaft dimensioning, along with logic for the drawing and 

dimensioning of shafts by a digital plotter. 

The full I isting is given in FORTRAN for a computer program 

and ten subprograms embodying the logic. Shafts drawn by the 
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computer appear I and the economic feasibi I ity of computer drafting 

of shafts is discussed. 
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I ABSTRACT 

The basic program has been developed through which a designer can 

transform his concept of a power train shaft design into an engineering draw

ing by means of computer graphics. 

One view including dimensioning is drawn of a shaft composed of 

cylindrical and tapered sections with fillets. The input is in the designer's 

terms. It consists of the dimensions immediately available to him, and it 

minimizes special codes and calculations. Steps have been taken to make 

the system convenient and flexible so that drawings can be changed easily 

as designs develop or are modified. The computer both embellishes the 

shaft description and translates it into terms convenient for its use. At the 

same time 1 it checks the consistency and uniqueness of the input. 

For the task of dimensioning, a set of standardized formats were 

selected: 3 for angles, 4 for lengths, 2 for diameters, 1 for fillet radii, 

2 for chamfers and 120 for the expression of numerical dimensions. The 

decision process by which the draftsman normally arranges the dimension

ing has been formalized and, insofar as possible, imitated by the computer 

logic. Limitations and shortcomings of this logic have been noted. 

The computer program embodying the logic accepts card input and 

produces drawings on the digital plotter. Observation of these drawings 



has proquced a basis for future improvement of the logic processes. The 

economic practicality of computer graphics in this application has also been 

discussed. 
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II INTRODUCTION 

This work was undertaken with the sponso~ship ·of lnternationa I Harvester 

Company, and as such has certain implicit working guidelinys in addition to 

the simple goal of producing a computer program a.nd logic for drawing shafts. 

It is, in fact, the industry-oriented framework which renders this work 

a design proiect rather than merely an exercise. 

International Harvester is developing design-aid systems which will 

be available corporation-wide. These systems center around the high speed 

digital computer 1 and a portion of the man-machine communication and the 

-documatation utilizes the digital plotter. In the future, International Harvester 

will also have CRT input-output facilities. 

One of the design-aid systems now being developed is for power train 

design. Several parts of this system, such as gear design programs and a 

shaft bending and fatigue analysis program, are already in existence. The 

subiect of this thesis is the development of another section of the eventual 

system--one that will produce shaft drawings. Because McMaster and Inter

national Harvester have different computers and different plotters, the essen

tial fruit of this thesis is the logic of the computer graphics program. A 

program was written for McMaster 1s IBM 7040 computer and Benson Lehner 
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plotter to test and verify the underlying logic. 

The program's somewhat limited scope is justified by the 11 cut and 

paste 11 philosophy. The single view of the shaft which the program produces 

does not pretend to be an entire engineering drawing. Since all engineering 

drawings at International Harvester are stored and reproduced through the 

medium of microfilm, a complete drawing can be assembled out of separate 

pieces and unified photographically. In this way, the computer drawing which 

does not include a border, for im.tance, can be pasted on a standard piece of 

drawing paper with a border. Because it would not be practical to assemble 

a logic anticipating all the myriad possible features of a shaft, this position 

was adopted: at all stages of refinement the program should be able to draw 

as many shafts as possible. Those shafts which possess features not encom

passed by the program should at least be expressible to the program so that 

it can partially complete their drawing, allowing a draftsman to odd the other 

features. 

Throughout the work, the value of including allowance for various 

features was estimated by surveying s?mple International Harvester shaft draw

ings. Further guidance on this matter was provided by John Nicholson, 

Dr. Kardos and Professor Newcombe. 
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Ill DESCRIPTION OF THE INPUT 

A power train shaft can be considered as an assemblage of cylindrical 

and tapered elements joined end-to-end with fillets at the joints. 

In devising a system of parameters to describe a shaft, the first attempt 

was to describe the sections individually. Each section has a length, and 

one diameter if it is cyl indrica li or, if it is a tapered section, two diameters 

or a diameter and taper angle. Furthermore, a section can have one or two 

fillets at its ends. The result of this approach is a shaft with serial dimen

sioning (see Fig. I-A). But because of manufacturing tolerances, shafts are 

not always dimensioned serially. Nor is baseline dimensioning .always 

used (see Fig. 1-B). The designer requires the order of dimensioning which 

best fits his purposes (see Fig. 1-C). Any order is valid that is definitive. 

Because of its weaknesses, the first method was discarded in favor of 

a second, which associates all parameters with planes rather than segments. 

The planes are those which are perpendicular to the center line of the shaft 

and appear as vertical lines on the shaft in the drawing. The length dimen

sions are placed between these planes . In serial dimensioning (Fig. 1-A), 

every plane is located with respect to its neighbor(s). In baseline dimen

sioning (Fig. 1-B), all planes are located with respect to the leftmost plane. 
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A-- Serial Dimensioning 
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B -- Baseline Dime nsioning 

rr·· .. ~ .... ~ 
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--pof--

C -- Mixed Dim ens ioning 

Figure I Alternate Methods of Pa rameter izat ion 
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In the generalized shaft dimensioning system (Fig. 1-C), any plane may be 

located with respect to any other as l~ng as the location of all planes is 

achieved. 

In general, for a shaft of n planes the location of all planes can be 

achieved with n-1 length dimensions. If there are more than n-1 length 

dimensions, then there is either an inconsistency or a redundancy. Redun

dant dimensioning is allowed as long as only n-1 of the dimensions are 

locating dimensions, the remainder being reference dimensions. A shaft 

with n planes is also comp~sed of n-1 segments in the sense of the first 

approach, and it is therefore possible to express a shaft of n planes in n-1 

groups of parameters. 

Ill. 1 Basic Parameters 

The leftmost plane in the drawing was arbitrarily chosen to be without 

a group of parameters, and it is numbered zero. Each of the remaining planes 

has associated with it: I, a unique, non-zero number; D, a diameter; FR, a 

fillet radius; TANG 1 a taper angle; I REF, the number of the plane with res

pect to which it is located; and R, the locating length dimension. The way 

in which the parameters represent different configurations can be seen in 

Fig. II. The diameter associated with plane 1-- D(I)-- is always to the left 

of plane I. TANG is always positive when the diameter is increasing to the 

right. When one of the n-1 locating dimensions is given between two planes, 
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one of them (and only one of them) must have the number of the other as its 

IREF 1 and its R equal to the locating dimension. If plane IREF (I) is to the 

right of plane I, then R must be negative. The assignment of the n-1 locating 

dimensions to the n-1 planes is unique. 

One further parameter 1 IREFQ, provides for up to n-1 reference dimen

sions. IREFQ (k) = n indicates that a dimension is desired between planes k 

and n. When a reference dimension is desired in the output, its length need 

not be given as input 1 for the other parameters contain enough information to 

derive the distance between any two planes. Although this system has a large 

capacity, it is not capable of expressing all schemes of reference dimension

ing. For convenience, IREFQ = 0 (left blank on a FORTRAN input card) means 

that no reference dimension is intended. To distinguish the case of a reference 

dimension to the leftmost plane, a minus one (-1) must be used where one is 

intended. 

Ill. 2 Tolerances 

Three alternate methods of expressing tolerances were considered: 

1) minimum and maximum metal conditions, 2) nomina I dimension with equa I 

plus and minus tolerances, 3) nominal dimension with plus and minus toler

ances not necessarily equal. Although the third has the greatest flexibility, 

the first two have the advantage of two rather than three parameters for their 

expression. Based on new lnternationa I Harvester standards, the second a 1-

ternative was chosen. Lengths, diameters and fillet radii are allowed 

9 



FR(I) 

. t 
D(l) 

lth 
plane 

t 
D(l) 

left Hand Shoulder 

FR(I)'\. T 
D(J) 

--r-

Right Hand Shoulder 

/FR(I) 

Chamfer 
plane J 

Jth 
(shoulder) 

plane 

TANG(J) 

D(J) 

Jth Jth 
Ith 

plane 
(chamfer) (shoulder) 

plane plane. 

Figure Ill Chamfe'r Plane Parameters 

10 



to·Jerances, although angles are expressed only to the nearest degree without 

tol.erance. The convention of implied tolerancing is recognized in the input 

for its convenience, and in the 'output because it is accepted by International 

Harvester standards. By this convention, one figure written after the decimal 

implies a tolerance of~ .060, two figures imply a tolerance of~ .030 and 

three imply a tolerance of~ .01 0, where all dimensions are in inches. Be

cause FORTRAN does not distinguish between trailing zeroes and blanks, a 

code is used to show which is intended. To indicate n figures written after 

the decimal of the nominal dimension, -n is given for the tolerance. 

I II. 3 The Chamfer Plane 

Plane I is a chamfer plane if FR (I)= 0, and TANG -10. The chamfer 

has been treated as an independent unit. One can be added to or removed 

from a shaft as a unit, without altering the parameters associated with other 

planes. The shoulder plane is the plane to the left of a chamfer plane I if 

TANG (I)> 0, or to the right of I if TANG (I)< 0. The case of the right 

hand shoulder requires one exception to the rule that D is the diameter to 

the left of the plane with which it is associated. In this case when the cham

fer is present, D of the shoulder plane is the diameter to the left of the cham

fer plane {see Fig. Ill). 

Two methods of dimensioning a chamfer have been provided. If the 

shoulder diameter {seen as D(J) in Fig. Ill) is to be used, then R must be zero 

in the input. If the chamfer plane is to be located by giving R, then the 
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diameter D must be left as zero. Either the diameter or the plane locaf'ion 

with ·angle fully describes the chamfer, and to give both would be redundant. 

If a chamfer is dimensioned by locating the chamfer plane with respect 

to the shoulder plane, if the distance is less then .5 inches and if the angle 

is 45°, the chamfer is indicated by a note in the output according to 

International Harvester stand_ards. 

Ill. 4 The Ditto 

In some cases, a diameter or a fillet radius may be common to several 

sections. For convenience in these cases, a "ditto11 feature has been included. 

After the dimension has been given for some section, it can be applied to later 

sections by giving zero for the nomina I dimension and giving the number of 

the plane where it previously occured for the tolerance. A length dimension 

ditto has not been provided. Wherever a dimension is referred to by a ditto, 

it is labelled a typical dimension in the output and the other identical dimen

sions do not appear. 

Ill. 5 Other Features 

Dimensions other than dittoing ones can be suppressed in a drawing by 

using -99 in place of their tolerance in the input. This feature can be used to 

produce shaft drawings which incorporate features not provided for in the basic 

parameters. Although dimensions should not be set equal to zero (left blank) 

in an attempt to prevent their being dimensioned, they can be made small 
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enough (. 0001 ") so that they virtually disappear in a drawing. {See Appendix 

Ill for examples.) 

Since fillet radii are often expressed as a maximum only, the program 

includes a means for doing so. If the tolerance is equal to the respective nomi

nal fillet radius in the input, the total of the two will appear as one figure 

labelled MAX in the drawing. That is, rather than dimensioning a fillet radius 

.05 + .05, the program will dimension it .10 MAX. 

I II. 6 The Drawing Data 

The program provides for any scale to be ~sed in the drawing. Expressed 

as a decimal, the scale is the (linear) size of the drawn shaft divided by the 

(linear) size of the actual shaft. 

A twelve-character {maximum) name is associated with each shaft. Pro

vision is made for plotting on any width of paper by including paper width as 

an input parameter. 

Ill. 7 Input Format 

For each shaft, the first card contains the drawing data as follows: 

Data Columns Form 

Shaft Name 1 - 12 alphanumeric 

Scale 13 - 23 floating point 

Paper Width 24 - 31 II II 

PlTO 80 Tor F 
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· If_ a plot is desired, PLTO = T. If no plot is to be produced, PLTO = F 

or is blank. Following the leader card, there is one card for each plane but 

. 
the leftmost. These are all on the same format: 

Data Columns Forni --
- 2 integer 

D(l) {nomina I) 5 - 12 floating point 

D(l) (tolerance) 15 22 II II 

I REF (I) 25 - 26 integer 

R(l) {nomina I) 29 - 37 floating point 

R(l) (tolerance) 40 48 II II 

FR(I) {nominal) 51 57 II II 

FR(I) (tolerance) 60 66 II II 

IREFQ(I) 69 - 70 integer 

TANG (I) 73 - 77 floating point 

LAST 80 integer 

LAST is zero except on the last card for a shaft. If there are more shafts to 

follow, LAST = 1; on the last card of the last shaft, LAST= 2. Blanks can be 

used for zeroes throughout. 



IV DESCRIPTION OF THE PROGRAM 

On the macro scale, the program has a series layout, seen in Fig. V. 

locations for all dimensions are found and reserved in a series of set-up 

sections before any plotting is done. Dimensions are divided into four types.: 

angular dimensions, length dimensions, diametral dimensions and dimensions 

noted with leaders (fillet radii and some chamfers). These four groups repre

sent the best compromise between generality of format and simplicity of pro

gramming logic. If after all dimension locations have been planned the com

puter finds the paper to be too narrow, the plotting is bypassed completely. 

A coordinate system for plotting has been adopted with the .x-axis on 

the center line of the shaft and the y-axis on the line of the leftmost plane. 

This will be called the 11data units 11 coordinate system in accordance with the 

Benson- Lehner literature. The 11 plotter"coordinate system has its x-axis at the 

lower edge of the paper strip and its y-axis at the left hand end. Plotter unit 

coordinates are plotted as given directly in inches, but those in data units are 

scaled by the plotter to achieve the desired drawing scale. 

The term 11above 11 will be used to refer to the area above the data units 

x-axis and 11 below 11 to refer to the area below it. 11 0utside 11 will mean farthest 

away from the shaft, above or below, and 11 inside 11 will mean closest to the shaft 

above or below but should not be taken to mean inside the outline of the shaft. 
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~--~ READ FIRST DATA CARD & WRITE GENERAL INFORMATION 

,..--------=-1 READ DATA FOR 1 PLANE 

COMPLETE DATA WHERE DITTO HAS BEEN USED I 
CHECK FOR CIRCULAR REFERENCES & UPDATE POSITIONS 

I CHAMFER DATA COMPLETION 

FIND HORIZONTAL LIMIT POSITIONS 

ANGULAR DIMENSION SET-UP 

SET UP LENGTH DIMENSION~] 

LOCATE DIAMETRAL DIMENSION LINES 

NOTES WITH LEADERS (SET-UP) 

MERGE INNER AND OUTER LEVELS OF DIMENSIONS 

PAPER WIDE ENOUGH 

Figure IV Overall Flowchart 
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N. ·1 V.ariables Defined 

- · To aid readers of the program listing (1\ppendix II) and to facilitate 
. 

further explanation of the program, the program variables are here defined. 

DNOM(I) -- the nominal diameter left of plane I 

DTOL(I) -- the tolerance on DNOM(I) 

RNOM(I) -- the (signed) lo::ating length dimension to plane I 

RTOL(I) -- the tolerance on RNOM(I) 

FRNOM(I) -- the nominal fillet radius at plane I 

FRTOL(I) -- the tolerance on FRNOM(I) 

TANG{I) -- the taper angle associated with plane I 

Al, A2, A3 
A4, A5, A6 -- respectively the vec}ors in which the above seven input para
A? 

meters are stored from input to the point in the pro9ram at 

which planes are sorted by their position. 

NUM(I) --the designer's number for the lth plane read, i.e., the number in the 

first two columns of the lth card after the first general data card** 

** There are three numbering systems for the planes. The first can be called 
the designer's numbering system. This is the system of numbers assigned to the 
planes on the input cards. It may be arbitrary but must be consistent. The 
second set of numbers arises from the computer's numbering the planes as they 
are read. These may be called the computer's input numbers. The first plane 
read is number one in this system, the second, number two, etc. NUM(I) gives 
the designer's number for a plane as a function of its input number. The third, 
or working numbers, are assigned by the computer upon the sorting of the planes• 
positions. The planes are numbered in consecutive ascending order from left to 
right; the leftmost plane is number one, etc. ll(K) gives the working number of 
a plane as a function of its designer's number. 
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I RdOT -- vectors used in the sorting process of checking for redundant systems 
LEVEL . 

of length dimensioning 

POSIT(I) -- the total distance fro~ plane I to the leftmost plane 

IREF(I) -- indicator that RNOM(I) locates plane I with respect to plane IREF(I) 

IREFQ(I) -- indicator that a reference dimension is desired between plane I and 

plane IREFQ(I) 

AS-- vector used temporarily in the renumbering section 

DTYP(I) -- true only if DNOM(I) and DTOL(I) are typical dimensions 

FRTYP(I) -- true only if FRNOM(I) and FRTOL(I) are typical dimensions 

lAB-- logical array used as temporary storage for DTYP and FRTYP before 

renumbering 

lAB(J ,I)-- logical record, true if there is a witness line planned at plane I. 

J = 1 for above the shaft in the drawing or 2 for below it. 

II(K) -- a service vector used in sorting. In the renumber section, II relates 

the designer 1s number to the final computer1s number--II(K)--for 

each plane. In the set up sections for diameters and lengths, it 

holds the plane numbers while the respective dimensions associated 

with the planes are ranked from largest to sma II est 

18 

JJ -- utility vectors used as temporary storage areas during sort routines in sections 
KK 

"RENUMBER" and "SET UP LENGTH DIMENSIONS" 

PL(I) -- respective left and right horizontal limit positions to the left of plane I 
PR(I) 



YACL(J) -- the y coordinate (in data units) for the plotting of the angular 

dimension associated with plane I. YACL(J) = 0. 0 if there is no 

angle to be plotted at plane I. 

PABK(J, K) -- records the right hand end of a plotted angular dimension. 

J = 1 for above, 2 for below. K = 1 is the leftmost entry, 

all entries being ordered. 

WL(J, K, I)-- record of vertical witness lines, including breaks. Recorded 

in the form of they value (in data units measured from the out

side of the plotting) of the beginning (K is odd) and ending 

(K is even) of segments of the witness lines. I is the number of 

the plane and K increases for increasing values of WL. 

KCF(J, I)-- the inside-most level of dimensioning already planned at any 

stage of the program in the corridor to the left of plane I (between 

I and 1-1 ). J = 1 for above, 2 for below. There is one more column 

of this vector in use than there are planes for any shaft; the last 

column applies to the space to the right of the right-most plane. 

IH(I, L) -- the level assigned to a length dimension associated with plane I. 

L = 1 for the toleranced dimension R(l). L=2 if it is a reference di

mension. Levels are numbered from the outside inward. Levels be

low have negative numbers. 

LOH(I, L) -- code variable= 1 if length dimension writing is on right hand side 

or= -1 if on left side. Lis as for IH. 
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lCODE(I, L) -- integer code for the type of arrow format to be used for length 

dimension associated with plane I. lis as for JH • 

. 
Dl(J, N) -- record of the placement for writing D(J). N = 1 for the x location 

of the arrow. N = 2 for a floating point record of the level of 

writing (by the same convention as IH), or a 0.0 for no diameter 

to be .written. N = 3 is 1. 0 for writing to the right of the arrow 

or -1.0 for writing to the left of the arrow. This array also serves 

temporarily in 11ANGULAR DIMENSION SET-UP". 

WlH(K,N) --a record of the Kth horizontal witness line generated by the 

set-up. N = 1 for they coordinate (data units) at which the 

line is to be plotted, N = 2 for the x coordinate of one end and 

N = 3 for the x coordinate of the other end (in data units). 

ABC(J,I) -- like KCF(J,I) but applying to the inside contour--that of the shaft 

plus notes and angle dimensions as they are added. A floating 

point variable (in data units). 

DN(I, N) -- record of a note associated with the lth plane. If N = 4, then 

DN = 0.0 for no note, 1.0 for a chamfer or 2.0 for a fillet. 

N = 1 for the x coordinate (signed positive for a right-pointing 

leader) of the arrow tip and N = 2 for the y coordinate of the arrow 

tip. If N = 3, DN is they coordinate of the level of writing. All 

coordinates are in data units. 

WLY(I) -- the radius of a perpendicular section through the shaft at plane I (in 

data units) 



21 

IV. 2 Designer/Machine Translation 

The previously described input to the program was designed for maximum 

convenience to the program user. · It is in a condensed form and avoids any re-

dundant statements of information. The data is in an efficient form for expression 

to the computer, but not effie ient for the program's use; and it is therefore re-

stated and expanded before the program uses it. The program reads the data one 

plane (one card) at a time and makes these mo::lifications to the data before the 

next plane is read: the angle is converted from degrees to radians for use in all 

computer library routines; planes other than the first one are examined for dittos, 

and where dittos have been used, the intended information is inserted; a running 

account is kept of all plane positions, and a check is made for redundant 

references. 

N. 2. 1 "COMPLETE DATA WHERE DITTO HAS BEEN USED" Section 

This section is skipped after the first plane data has been read, for it 

should contain no dittos. No test has been provided to be sure that dittos have 

not been used on the first card, but one's presence would simply be interpreted 

as bona fide data throughout the program, causing no real harm but making it-

self evident in the plot. 

It is because this section is in the input loop that all dittos must refer to 

planes read previously. The section was placed there in spite of this disadvan-

tage (see discussion in Suggestions) to limit the number of planes to be checked 



for a number matchin.g the ditto number. The checking must be done indirectly 

because the designer's numbers are different from the computer's input numbers. 

The diameter or fillet radius is considered to be dittoed if the nominal 

dimensionLO.O and the tolerance f 0.0. The tolerance is rounded off to the 

nearest integer and a search is made for an earlier plane bea'ring the designer's 

number equal to this rounded off value. An error message is written if the search 

finds none, and ·the program stops without further execut-ion. If the search is 

successful, the nominal dimension is set equal to the intended value, and A2 

is set equal to -99 because this dimension will not be plotted. Only the nomi

nal dimension is used for drawing the shaft. A position in LAB is switched to 

"true" for the dimension copied, indicating that this is a typical dimension and 

will be plotted as such. 
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IV. 2. 2 "CHECK FOR CIRCULAR REFERENCES AND UPDATE POSITION 11 Section 

A valid system of n-1 dimensions locating n parallel planes with respect to 

one another can have no redundancies. A redundant dimension is wasted, leav

ing only n-2 effective dimensions, and at least one plane cannot be located with 

respect to the others. 

In searching for the distinguishing features of a valid dimensioning system, 

it was discovered that any valid system can be thought of as a tree when the di

mensions have the one-way sense that they do in this program. If plane I has 

IREF(I) = K, then R(l) locates plane I with respect to plane K; and in the "tree" 
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sense, 1. must be thought of as a "branch" emanating from K. Then I is one level 

"higher" than K; and if K is not referred to anything else (as is the case if K = 0), 

' 
then K can be said to be the "root 11 of I, and I is on the first level of 11 K1s tree." 

If K is still at the zero level and some other plane is referred to I, then that 

other plane is in the second level of K's tree. The tree always branches upward 

because although a plane can refer to only one other plane, it ·can have any num-

ber of planes referring to itself. 

Thus, any system of valid dimensioning can be graphically visualized as a 

tree and can be assembled one reference at a time. In the assembling process, 

each plane number is added to a tree as a new branch when that plane's data are 

read in. There may be several trees growing at once. If, for example, the third 

plane read is referred to the fifth plane then a tree is started with the fifth plane 

as its root, while the second plane might be rooted in the first. If later the fifth 

plane were referred to the second, it would be "moved" (with the third plane and 

any other branches) into the tree rooted in the first plane. 

The reason for using this tree system is that improper dimension relationships 

become apparent as soon as they arise. If the root of a developing tree is re-

ferred to a plane which is already related to it {in its tree), a circular or re-

dundant referral is present and the program execution is terminated after an error 

message is written. For example, if B is referred to C which is referred to B, a 

circular reference has been made. 



One other type of error can be detected after all the planes have been 

read. At this point, there must be only one tree (with plane zero at its root). 

Any other tree wi II have an undefined plane at its root 1 and this is cause for 

program execution to be term ina ted with the writing of the proper error message. 

After the last plane has been read, NPIANE is set equal to the total 

number of planes (recall that this is the number of planes read plus one) and 

three other stages of data alteration occur--the "RENUMBER", "CHAMFER 

DATA COMPLETION" and "FIND HORIZONTAL LIMIT POSITIONS" sections. 

IV. 2. 3 "RENUMBER 11 Section 

In this section, the planes are given their working numbers and all data 

are transformed to the new variables using the new subscripts. The number 

"1" is reserved for the leftmost plane, although it has no input data associated 

with it, for convenience in a II later routines. For example, since no zero 

subscript is allowed in FORTRAN, the only way for the position of the leftmost 

plane to be indicated in the POSIT vector is to number it 1, making POSIT(l) 

= 0.0. 

Going into "RENUMBER", POSIT for all planes has a negative sign af

fixed. The rightmost plane is found by searching for the algebraically least 

value of POSIT. After the data have been transferred for this plane, then its 

position can be set positive, putting it out of contenHon in the succeeding 

searches. In the case of a chamfer to be dimensioned by its sho~lder diameter, 
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the values of POSIT for the chamfer plane and shoulder plane will be the same 

at this point because R of the chamfer plane is zero. For that reason, they are 

sorted by their values of TANG. The shoulder plane has TANG= 0 and the 

chamfer plane has TANG> 0 if it is on the right of the shoulder plane or TANG <O 

if it is on the left. Thus, the plane having the algebraically larger value of TANG 

is a !ways on the right. Note that a chamfer plane must be referred to its shoulder 

plane if it is to have a shoulder diameter dimension. 

In this section, the values recorded for IREFQ are converted to their work

ing form. As mentioned earlier 1 wherever no reference dimension is intended, 

IREFQ is left blank on the input card. This results in zeroes in memory except 

when a reference dimension is desired. At this stage of the program, a new con

vention is adopted: wherever a reference dimension is desired, IREFQ of one 

plane is set equal to the working number of the ether plane involved. This can 

now include references to the leftmost plane, formerly indicated by -l's to dis

tinguish them from blanks. Where no reference dimension is required, IREFQ(I) 

is set equal to I, the plane's own number. This convention allows a unif?rm 

treatment of all length dimensions in the 11 SET UP LENGTH DJMENSIONS 11 

section. 

IV. 2. 4 11 CHAMFER DATA COMPLETION 11 Section 

This section operates only on parameters associated with chamfer planes, 

as defined earlier. If the rightmo.>t plane is a chamfer plane, an error message 

is printed and the program is stopped. If RNOM>O, DNOM (the shoulder 



diameter) is calculated and DTOL is set equal to -99.0, signalling that it will 

not be dimensioned in the drawing. This calculation avoids using RNOM be

cause occasionally this might not be the distance between the chamfer and 

shoulder planes. No provision is made for a shoulder diameter which is calcu

lated to be smaller than the diameter adjoining the shoulder plane, as this is 

a non-fatal error. 

If RNOM = 0, this signals that the chamfer is to be dimensioned by the 

shoulder diameter. A test is provided to be sure that the shoulder diameter 

given is not larger than the diameter adjacent to the chamfer plane because 

this is a serious error. The location of the chamfer plane and its POSIT is 

corrected. Its RTOL is set equa I to -99.0 to suppress the drawing of the dimen

sion. Finally, this section corrects the right shoulder anomaly seen in Fig. Ill 

by switching the diameters of the chamfer and shoulder planes. The switching 

is done for consistency in the plotting phase of the program. 

IV. 2. 5 11 FIND HORIZONTAL LIMIT POSITIONS .. Section 

Between any two planes, except a chamfer plane and its shoulder plane, 

some section of the shaft profile must be horizontal. This section may be so 

short that it is only a point, but it is within the limits of this horizontal section 

that the diameter exists, and this is where it must be indicated. In a section 

where there are no fillets or tapers, the horizontal limits are at the planes which 

define the section. When a taper or fillet is at one or both ends, the length of 
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the horizontal section is reduced. The geometry used to calculate the amount 

of reduction is shown in Fig. VI. 

Because Pl and PR are used in drawing the shaft outline, as well as lo

cating diametral dimensions, they are given functionally consistent values for 

chamfer sections, even though no horizontal is involved. 

In this section of the program, two checks are made on the consistency of 

the input data. Where a taper and fillet exist together, the program checks 

that the taper angle is positive when the larger diameter is on the right and 

negative when it is on the left. It a I so checks that the ca leu Ia ted horizonta I 

section does not have a negative length. The calculations could erroneously 

imply a negaf'ive length in ceri·ain cases of inconsistent input--for instance, a 

fillet diameter between two planes which is larger than the distance between 

them but less than the difference in their diameters. 

IV. 3 Dimension Set-Ups 

The largest part of the program is in the set-up sections for the four types 

of dimensions. The sections are ordered according to the priority of dimension 

placement. Angular dimensions were given top priority because for any angle 

there are only two places that the dimensioning indication can be placed--

. above or below the shaft, against its outline. They compete for sp'Jce with all 

the other dimensions and interferences between angular dimensions and others 

were judged to be the worst type. Placing them first gives the best chance for 
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finding .them an open location and allowing the later dimensions to avoid them. 

length dimensions are placed second because their witness lines have only the 

above-below option for placement. Furthermore, length dimensions are given 

outside placement to minimize interference, and the system for outside reserva

tion of space works from the outside to the inside. Arbitrarily, diameters were 

placed before notes. The placement of either was not determin.ed to avoid the 

other and the reversal of their order in the program should make no difference 

in the resulting plot. 

IV. 3. 1 11ANGULAR DIMENSION SET-UP 11 Section 

ABC keeps a record of the limits of the space occupied at the center of 

the drawing (see Fig. IX). As angles and notes are planned, they are added 

just outside the limits and ABC is adjusted to record that their space is reserved • 

. Before any dimensions are planned, ABC receives its initial values which record 

the shape of the shaft. The drawing is divided into 11corridors 11 by the planes of 

the shaft. ABC(L,I) applies to the lth corridor between plane 1-1 and plane I. 

The upper limit of occupied space is designated by L = 1 and the lower limit 

by l = 2. This sysi·em is sensitive only to the outside-most plotted point in any 

corridor. Thus, if the shaft has a chamfer between planes four and five where 

the diameter changes from 2.5 to 2.7 inches, ABC(1,5} and ABC(2,5) must be 

equal to 2. 7. 

The array which records occupied space can be called a grid system. Its 

sensitivity to details of the contour of the occupied space is a function of the 
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fineness of its mesh. ABC could be more sensitive if the drawing area were 

divided into more corridors; but dividing the area by planes was consistent with 

the parameterization, and the most convenient compromise between insensitivity 

and complexity. In the vertical direction, it was decided that ABC must be a 

floating point variable to best record the shaft profile. 

An attempt is made to dimension all angles except those associated with 

a noted chamfer. A chamfer is indicated by a note if: 1) the angle is 45° 

2) the distance between the chamfer plane and the shoulder plane is less than 

1/211 3) the chamfer plane is located with respect to its neighboring plane 

4) the chamfer is not to be dimensioned by the shoulder diameter. The first 

condition is given by International Harvester standards; the second and third 

are intended to eliminate a 45° taper which is not to be treated as a chamfer. 

The dimensioning for an angle is allocated an area .8 11 x .8 11 (plotter 

units). An angle is not dimensioned if this area interferes with the outline of 

the shaft 1 recorded in ABC; but a message is printed out to say that the dimen

sion is being omitted. Angles are dealt with from left to right. An angle 

dimension is placed above the shaft unless it interferes with a previously placed 

dimension. In that case, it is placed below unless there is interference there 

too, causing it to be omitted and a suitable message printed. 

The PABK array 1 which is zeroed for each new shaft, is the means of 

checking for interferences between angle dimensions. Because the angles are 
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handled in a left to right order and a new entry is always inserted in the first 

zero spot in PABK, all entries in PABK are in order, left to right. A new entry 

is not made in PABK if it would be within .8" of the previous entry 1 for this 

proximity indicates interference. It was envisioned that in one case this test 

would be too severe. Because they-coordinate of the angle dimension is not 

recorded in PABK, no simple check exists to ascertain that they-coordinates 

of two supposedly interfering angle fields are not separated by more than .8". 

If that is the case, one angle dimension would be sufficiently above the other 

so that no interference would occur. However 1 this was judged to be a rare 

occurence. 

DL is used to temporarily store the modifications to be made to ABC; if 

ABC were updated before all angles had been located, it would be difficult 

or impossible to distinguish an outline interference from an interference with 

another angle. 

IV. 3. 2 "SET UP LENGTH DIMENSIONS" Section 

Four different formats are provided for the arrangement of arrows and 

length dimension writing (see Fig. VI). Type 1, which has arrows and writing 

between the witness lines, is used unless the length between witness lines (in 

inches) is less than WC + S4L, where WC is the calculated length of the writing 

and S4L is the minimum allowable length for the two internal arrows. Type 2, 

with arrows outside the witness lines and writing inside, is used unless too little 

room exists for the writing. Type 3 is used if the length is too short for the 
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writing but is greater than S5L, the minimum limit for the length of a single 

internal arrow. Type 4 is used in all remaining cases. 

The highest priority in placing length dimensions is avoiding interference 

with the angular dimensions, which have their locations planned beforehand. 

If an angular dimension is placed in line with a plane, that plane is considered 

11 blocked above 11 if the angular dimension is planned above it 1 or 11 blocked be

low11 if it is planned below. The placement of a length dimension between two 

planes is considered impossible if at least one of them is blocked above and at 

least one of them is blocked below. When the program encounters such a case, 

it omits the dimension, printing a notice that it has done so. 

The second priority in locating a length dimension is to avoid interference 

between the dimension and those previously placed. These interferences toke 

the form of intersections between the vertical witness lines and the horizontal 

writing and arrows. It was found that these intersections can be minimized, 

but not avoided completely, by placing on the outside those length dimensions 

which span the most planes. Therefore, the program sorts all the locating and 

reference length dimensions with respect to the number of planes they span, so 

that the largest spans can be placed first. Any length dimension may be placed 

above or below to minim ize the number of interferences, providing that neither 

plane concerned is blocked. 
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The third criterion for locating a length dimension is minimizing the number 

of new witness lines which must be drawn. Minimizing the number of witness 

lines gives the least chance of interfering with later dimensions. 

The fourth and lowest criterion in dimension placement is that of space. 

Because the space for dimensions is reserved from the outside' inward in discrete 

levels, each new dimension is placed at the outside-most open level. This cri

terion favors the alternative location which is farthest outside. 

Type 3 and type 4 length dimension formats are asymetrica I, with the 

possibility of placing the writing to the right or the left of the witness lines. 

Therefore, to simplify programming, all length dimensions are treated as if they 

have four possible locations open to them: above-right, above-left, below- right 

and below-left. For each length dimension, all four possible locations are com

pared with respect to a II four criteria described above. The location decision is 

made,based on the highest possible criterion. If two or more options are equal 

with respect to all four criteria, of those remaining the program takes first the 

topmost and then the leftmost. 

A separate section of logic deals with type 1 length dimensions between 

neighboring planes. This logic provides a shortcut in program execution, by

passing the much more lengthy generalized logic which deals with all other 

cases. A type 1 length dimension is so simple (because there can be no inter

ferences) and common that providing the logic needed to treat it separately was 

justified by the increase in program efficiency. 
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IV. 3. 3 "LOCATE DIAMETRAL DIMENSION LINES" Section 

A single format was selected for diametral dimensioning to make all 

writing horizontal, as prescribed by International Harvester standards, and to 

avoid writing within the outline. Examples of the format may be seen in 

Fig. VII. This format alone is not suitable for all situations. If a section 

is too narrow, it was decided that horizonta I witness I ines must be used to 

keep from crowding the arrow. For a chamfer dimensioned by its shoulder 

diameter, horizontal witness lines are always used. If a diameter is too small, 

the two arrowheads overlap, but the limit for this condition is about .30" dia

meter {see ARROW Subrout ines). No provision was made for avoiding the over

lap because the condition is rare and results only in a minor flaw in the drawing. 

At most 1 four possible locations are considered for each diameter which 

i~ to be dimensioned. (Those which are given in the input with dittos or with 

-99.0 for the tolerance and those associated with regular chamfers are not di

mensioned.) The four locations are above with leader turned to the right, above 

left 1 below right and below left. 

It was decided to provide two possible locations for the diameter arrow-

giving a greater chance of avoiding interference with angular dimensions-

rather than consistently placing the arrow midway between the horizontal limit 

positions of a section. The left-hand arrow position is always associated with 

the right-hand-turning leader and the right-hand arrow position with the 
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lef~turning leader to reduce the number of interferences between diameter 

writing and vertical witness lines. 

With the exception of minimizing vertical witness lines, the previously 

described criteria for locating length dimensions are used for locating diametral 

dimensions. They are as follows: 1) avoidance of interference ,with angle di-

. . 

mensions 2) avoidance of interference with vertical witness lines 3) maximiza-

tion of space. While these criteria work very well for length dimensions, they 

proved to be incomplete for diametral dimensions for several reasons. 

Diametral dimensions should also avoid interferences among themselves. 

These interferences are more serious than those between length dimensions be-

cause no provision has been made for breaks in diametral leaders. It had been 

decided that these interferences were too difficult to detect for the purpose of 

providing leader line breaks because the x-location of the leader lines were 

less readily accessible tha n those of the planes. The interference problem was 

intensified because a poor choice had been made of the order in which t,o lo-

cote diametral dimensions. The original choice had been to place the dimen-

sions for largest diameters first, thinking that because these were on the out-

side, dimensions were less likely to be crowded over the tallest sections. The 

results of this original dimension placement logic, an example of which can be 

seen in Fig. VII I, were considered to be unsatisfactory. 

The program was written with the idea that it be only a first attempt at 

computerizing the drafting of turned shafts. Logical shortcomings are therefore 
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pointed out but have not been corrected; this one is the exception. It was 

decided that the output of the program could be vastly improved by making 

two logical changes. The first diameters to be located are those at the center 

of the shaft; thus their writing is outside that of the other diametral dimensions. 

After the first diametral dimension is placed, all those to the right of it are 

given right-hand-turning leaders, and those to the left of it are given left

hand-turning leaders. Without the program's either counting interferences 

or providing leader breaks for them, the revised logic gives results much im

proved over those of the earlier logic {see Fig. VII). 

The rest of the logical apparatus has been left intact, but chooses be

tween only two alternatives except in the case of the first diametral dimension 

or ones for which the wri t ing of all four alternatives falls between the planes 

bounding the section. 

logic is provided to decide whether horizontal witness lines should lie 

on the left or right of the diameter which they indicate. They are placed on 

the left of a left chamfer or on the right of a right chamfer unless there is in

terference with angular dimensions both above and below. For a groove or ridge, 

they are placed on the side which has fewer options 11blocked 11 by angular dimen

sions. If both sides are equal in that regard, they are placed on the side which 

has the longer adjoining section. The placement of horizontal witness lines 

modifies the ABC array so that notes with leaders may avoid interfering with 

them. 

39 



Any diametral dimension which has all options blocked is omitted and 

a suitable message printed. 

IV. 3. 4 11 SET UP NOTES WITH LEADERS 11 Section 

There is at most one note for each plane, either a fillet radius or a noted 

chamfer. Only one format is used, a 45° leader line with an arrowhead at the 

end which contacts the shaft outline and a short horizontal segment at the other 

end. Locations for all the arrow points are determined without distinguishing 

between the top and bottom of the shaft. Fillet leaders contact the 45° point 

of fi !lets where the arc is at least 45°. Chamfer leaders are directed to the mid

point of the chamfer. Right-pointing leaders are used for left chamfers and fillets 

when the smaller diameter is on the left, to minimize the chance of the leader 

line intersecting the outline. Writing locations are reserved for notes in dis

tinct levels, inner levels first 1 adjusting ABC to record their presence as the 

reserving process proceeds. Right-pointing leaders are handled in a left-to-

right order so that a later one with writing outside of eadier ones will not cut 

the writing of earlier ones with its leader. For the same reason and at the same 

time, left-pointing leaders are reserved locations in a right-to-left order. Each 

note has its writing placed at the closest possible level to the shaft, be it above 

or below. The location decision is based on a survey of ABC, insuring that 

notes will not be written on top of one another and that notes will not be written 

with .4 11 vertically of the shaft outline. 
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No breaks are made in vertica I witness lines for notes because the ne

cessary logic was not iustified at this stage of development. The complication 

arises because the witness I ine bre.aks are recorded in a different frame of ref

erence than the notes. The relationships between the shaft's frame of reference 

(the data axes) and the outside frames of reference, in which length and dia

meter dimensions are located, is not set until the "MERGE" Section. 

N. 3. 5 "MERGE" Section 

In this section the distances between four horizontal reference lines ore 

determined in order to bring the outside dimensions (lengths and diameters) as 

close to the shaft as possible and to fit the shaft and all dimensioning within 

the height specified by PWIDTH. The four horizontal reference lines ore: 

1) the x-oxis of the plotter coordinates, fixed at the bottom of the paper 

2) the x-axis of the data coordinates, upon which the center line of the plotted 

shaft falls 3) the upper baseline at the upper edge of dimensioning from which 

all upper diametral and length dimensions are located 4) the lower base line 

at the lower edge of all dimensioning from which all lower diametral and length 

dimensions are located. (See Fig. IX.) 

The levels of dimensioning recorded in KCF are allotted .375" each, 

exceeding the International Harvester minimum of .25" between levels of 

dimension writing. Between planes 1-1 and I, ABC(1,1) and KCF(l,l) dictate 

some minimum distance between the data units x-axis and the upper base line 

which will maintain the .4" minimum approach of outer dimensioning to the 
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shaft outline. Taking the maximum of_such figures calculated for all NPLANE + 1 

corridors gives the distance between the upper base line and the data units· x-axis. 

If this distance is greater than PWIDTH/2, the data units x-axis is placed so that 

the distance from the plotter units x-axis ·to the upper base line is PWIDTH. 

In the same way, the distance can be calculated between the data untts 

x-axis and the lower base line. After that calculdtion is made, if the distance 

- --- - -- from the lower base line to the upper base -line is more than PWIDTH, the plotting 

is deleted and a message is printed telling how much too narrow the paper is. If 

the distance from the data units x-axis to the lower base line is more than 

PWIDTH/2, then the lower base line is made to coincide with the plotter units 

x-axis. If the location of the data units x-axis is not determined by either of 

the distances of base lines being greater than PWIDTH/2, then it .is located so 

that the distance between it and the plotter units x-axis is PWIDTH/2. 

An alternative to moving the shaft up or down was considered as a means 

of enabling the program to fit drawing and dimensioning on the paper-- allowing 

a variable distance between levels of dimensioning. This plan has two major 

disadvantages. The first is that in planning notes on discrete levels, the dis

tance between the levels must be known in advance. Notes must be written on 

discrete levels to maintain the minimum vertical spacing between notes. The 

second is that the witness line array, WL, records vertical distances to the be

ginning and ending points of gaps, based on a set distance between levels of 



dimensioning. If the values of WL were scaled to adjusf' for changes in the 

distance between levels, the size of each gap would be distorted. 

IV 4. 0 Plotting 

Although a major part of the program is outside the plotting section, 

this segment uses about 80% of the execution time. The Benson- Lehner 

subroutines for plotting are probably comparatively time-consuming. 

IV 4. 1 Plotting the Shaft Outline 

The shaft outline is plotted one section at a time, left to right. A set 

of 16 parameters was conceived which describes any section recognized by 

this program. Fig. X illustrates their geometrical meaning. Only the top of 

one segment is shown in Fig. X; but because the x-axis is the center line, 

the same coordinates describe the bottom of each segment when the y-coor

dinates are made negative. 

Few segments have a II the a II owed features and need a II parameters to 

describe them. For simplic ity there is only one set of plotting statements to 

plot all segments, and codes are used to omit plotting of any feature not present 

in a particular segment. The line from point 1 to point 2 is omitted if Yl is 

----set equal to zero. The arc from point 2 to point 4 is omitted if Y3 is set equal 

to zero. The line from point 4 to point 5 is not drawn unless X5> X4. The 

arc from point 5 to point 7 is omitted if Y6 is set equal to zero. Y8 cannot be 

set equal to zero because point 8 is used for drawing the vertica I line at the 
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preset plane, but the line from point 7 to point 8 is not drawn if their x-coor

dinates are the same. 

Chamfer segments are drawn as lines between point 4 and point 5, omitting 

all other sections. They are dealt with by separate logic (see statements 5100 

to 5150 in the program listing) because their case is very simpl~. 

N. 4. 2 Plotting the Dimensions 

The plotting of all dimensions is very simple, involving the repetitive 

use of plotting subroutines described in Appendix I. The main program logic 

has only to separate the different formats for each type of dimension and supply 

the correct arguments to the subroutines. 
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V ECONOMIC FEASIBILITY 

Appendix Ill shows several shafts plotted at McMaster by the program. Each 

example gives a price, which is the cost of program execution on the IBM 7040 at 

$4.51/minute. This charge for the computer includes all overhead plus amortization 

of the machine. Further, the average shaft takes about five minutes to plot on the 

Benson- Lehner plotter at $3.00/hour for a cost of $.25. The cost of punching the 

input cards is less than one cent per card. The largest cost factor at present, the 

cost of lo:~ding the program into the computer from cards, is $9.90 due to the two 

minutes, twenty seconds required. At present, the program must be loaded each 

time it is run; and although the effective cost can be reduced by running several 

shafts at one time, this is not always practical. This problem can be.virtually elim

inated by storing the program on tape or on disc. A lo:~ding from disc requires only 

three seconds. 

The same shafts which appear in the Ap?endix would require on the average 

of at least two hours if done by a draftsman. In a design office, drafting time costs 

about $7.00/hour, resulting in a cost of $14.00 per shaft. 

Comparing the cost of the two methods--manual drafting and computer drafting-

the previous figures indicate that the computer can do the job for 1/4 the cost. 
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VI CONCLUSIONS 

The sample shaft drawings in Appendix Ill give ample evidence of the 

high degree to which this program has achieved the original aims of the thesis, 

uto test and verify the underlying logic." The drawings produced by the logic 

provided the basis for one improvement which has already been made--that in 

the logic for locating diametral dimensions. The program and drawings have 

also been the source of the many other improvements suggested in Section V. 

The most important question that has been answered is whether computer

ized drafting of power train shafts is economically feasible at the present time. 

When the first attempted program is able to produce the basic drawing for an 

average shaft for abou_t $3.50, the answer is certainly "yes. " Further work 

on the program will make it still more economical; and the advantages will 

multiply as it is linked to other programs to form a design system. In addition 

to direct economic advantages, less tangible ones exist such as shortened time 

from design conception to finished drawing, more readable drawings, more uni

form adherence to standards and time saving for the designer. These advantages 

are present with the drafting program, and will multiply even faster than the 

tangible advantages as a total system is developed. 

One question must now be raised for consideration by both International 

Harvester and McMaster: what to do next? Whether to expand the capabilities 
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of the drafting program to include such things as enlargements, sections, gears, 

splines and keyways; or to begin adding other sections of a design system such 

as CRT input, strength and fatigue analysis, programs and output for numerically

controlled machines? This question would bear some study, and the answers 

depend on what facilities are available and what types of shafts are being dealt 

with. 

- -No matter how general a program is, it can deal with only a limited num

ber of cases; and man must decide where to draw those limits to divide the work 

which he can best do from that which can best be done by the computer. 
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VII RECOMMENDED CHANGES AND ADDITIONS 

The complete review of the program necessary to write the preceeding 

sections has suggested several ways to improve the program with minor changes 

and several expansions of the logic which could improve the re~ults and use

fulness of the program. 

At present, a plane can ditto a dimension only from a card which is 

read earlier by the program (which preceeds it in the input). This limits the 

ease with which planes can be added to or removed from a shaft, and prevents 

the designer from planning a distribution of dimensioning which will minimize 

crowding. For instance, if two sections share the same diameter and the same 

fillet radius, the designer cannot make the diameter dimension appear on one 

section and the fillet dimension on the other. 

If the ditto completion section (statements 100 to 199) were modified 

slightly so that it could be moved outside the input loop (to about statement 

400), then planes could bear dimensions dittoed from planes read either before 

or after them. This constitutes the first suggestion for improvement. 

The second suggested improvement would be a revision in the size and 

proportions of the dimensions of array Wl and WLH to better correspond to the 

49 plane capacity of the program. The present capacity of Wl for 8 breaks in 

every vertical witness line and the capacity in WLH for 30 horizontal witness 
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lines se~ms disproportionately large. At present, the 11,300 words used by the 

program are only 63% of the storage capacity of the 32K McMaster machine, 

considering the 10,200 words always occupied by the system software. If the 

program is to be expanded, however 1 storage space may be at a premiumj and 

perhaps even the 49 plane capacity of the program should be reduced to make 

room for additionql logic. 

Several improvement could be made in the 11 LOCA TE DIAMETRAL DIMEN.._

SION LINES 11 section. It is poorly put together at present because the original 

concept did not work out as plannedj modifications were made to repair its 

most obvious weakness, while retaining the original logical framework. An 

entirely new replacement for this section could be written which would be 

simpler, execute faster and produce better results. The present logic which 

considers two x locations for the arrows should be eliminated in favor of one 

which finds one x location by considering locations of angular dimensions. Then 

in each case four locations could be considered for the writing, taking into ac

count not only space and interferences with length dimensions (the two things 

now considered) but also interference with diametral dimensions. In order to 

test for interference with diametral dimensions, a new array should be estab-

· Jished containing the x locations of all vertical lines in order--both witness 

lines and leader lines. 

A suggested addition would be a subroutine to determine the number of decimal 

places intended for a nominal dimension given as input. This program would be 
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written in assembly language because it is impossible for FORTRAN to distinguish 

between zeroes and blanks when a card is read. It would supply the same code 

for the number of significant figur~s as is now used, but would relieve the de-

signer of the bother of a code and allow him to show his intentions directly. 

The flowchart for such a subroutine is shown in Fig. XI. 

Inspect ANOM in the input buffer to see how 

many digits were punched after the decimal. 

That number == N • 

I y := -FLOAT(N) 

~ 
Figure XI Subroutine Inspect (ANOM, ATOL) 

The program could be greatly improved by adding a skip capability for 

diametral leader lines. This addition would require a logical apparatus, not 



now present, similar to that which provides breaks in lengthwitness lines. At 

the same time, provision should be made to allow breaks in both types of v'erti

cal lines for the writing of notes. 

A final suggested addition would be more sophisticated logic for locating 

notes with leaders. The decision to place a note above or below the shaft 

should be based primarily on avoidance of interference between the leader 

and angular dimensions, and between the leader and horizontal witness lines. 

The present logic which uses the criterion of closeness to the shaft could be 

retained in a secondary ro le. 
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APPENDIX I 

__ DESCRIPTION OF SUBPROGRAMS 
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APPENDIX I DESCRIPTION OF ?UBPROGRAMS 

Ten subprograms were written in conjunction with the main program to 

perform the most repeti t ive tasks. Most of them are plotting subroutines which 

plot certain features several times and at several locations on t~e page for each 

shaft. 

I. 1 Function CLEN (ANOM, ATOL, I, J, TYP) . 
and Subroutine ALLPLT (X, Y, ABOM, ATOL, I, J, TYP, XF) 

CLEN gives the length (in inc;hes) of a dimension written out by subroutine 

A LLPL T, using the same arguments. The Benson- Lehner writing subroutines used 

by ALLPLT produce writing the length of which is difficult to predict. Benson-

Lehner allows for different sizes of writing; the programmer chooses one by 

giving a scale factor. The difficulty arises not only because different letters 

and characters have different widths, but also because as the letter size is 

changed by scaling, the width of the spaces between letters does not change 

proportionately. 

Lettering. height is • 12" for a II dimensions, in accordance with International 

Harvester standards. This corresponds to the Benson- Lehner seale factor of 2 

and yields a space between characters of • 08". The letters written in dimensions 

by ALLPLT are also .08" wide and the numbers are .06" wide except for the 

number 1, but no allowance is made for that exception in CLEN. 

56 



57 

..ClEN works. by adding up "units" for each of five possible parts of the 

dimension (see Fig. XII). A "unW' has a width equal to .01" x the scale factor. 

This is true for any Bensen-lehner lettering, but in this case means that a unit 

is .02 11 wide. 

- If a tolerance is written out, note that it is a I ways written with four figures 

. to the right of the dec ima I. 

I. 2 Subroutine SKIP (JAB, I, K, GAP) 

When a new witness line is first planned at plane I, WL(JAB, 1, I) is set 

equal to the distance below the upper baseline {if JAB= 1, or above the lower 

. -- . ·-- - - - -
baseline if JAB= 2) at which the witness line begins. If no breaks in the wit-

ness line have been called for by the time the set-up is complete,. it is plotted 

_from this beginning .point to its end point, a fixed distance from the shaft. If, 

however, a dimension on level K interferes with the witness line, subroutine 

SKIP is used. This subroutine provides a break at level K in the vertical wit-

ness line at plane I by introducing new intermediate points. The width of the 

break is two times GAP. The plotting of the witness line then proceeds from 

the beginning point to the first intermediate point with the pen down, to the 

second with the pen up and to the end point with the pen down. This works for 

any number of breaks in a vertical witness line, as long as 1) each call to SKIP 

has a .higher value of K than the last one for that plane and 2) the gaps do not 

overlap with one another. Both of these conditions are satisfied by the present 

logic of the main program. 
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Xs (7) 

XsXs . (14) 
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B 

(28} 
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XsXs 

Xs 
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XsXs 

(14} 
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Xs (7} 
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Figure XII Forms of Dimension Writing 
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I. 3 Subroutine ANGPLT (TANG, X, Y) 

This subroutine dimensions the angle TANG at X, Y where X andY are in 

data units. There are four different orientations for the dimension, depending 

on whether the angle is positive (diameter increasing to the right) or negative; 

and whether the dimension is to be above or below the shaft (determined from 

the sign of Y). In all cases the angle is dimensioned from the horizontal. The 

angle is expressed in radians and must be less than one-half pi. 

In addition to four variations in orientation, there are three variations in 

format, depending on the size of the angle to be dimensioned (see Fig. XIII). 

If the angle is less than .35 radians (20° approximately) the writing and arrows 

are outside the witness lines; if the angle is less than • 79 radians (45° approxi

mately) but greater than .35 radians, the writing is between the witness lines 

but the arrows are outside; and for angles greater than • 79 radians, both the 

arrows and writing are inside the witness lines. Considering both orientation 

and format, there are eight total possible positions for the arrows. Any one 

of the eight cases can be identified by a unique combination of 51, 52 and 53 

(see Fig. XIII). 

The horizontal witness line is never plotted because in some cases it 

could do more harm than good; in other cases it is unneeded or can be added 

by a draftsman. 
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S2 = 1 

S2 = -1 
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51 = 1 51 = -1 I' 

... c:-

'""""' 

~ / 
Four Possible Orientations 

Three Formats 

53= -1 
-m. 

Figure XIII Angular Dimension Formats 
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I. 4 Subroutine CHPLT (X, Y, ANG,. WIDTH) 

This subroutine is called both by subroutine ANGPLT and directly by the 

main program. When called by subroutine ANGPLT, WIDTH equals zero and 

subroutine CHPLT writes the angle, ANG, rounded to the nearest degree. X 

gives the location of the left end of the writing andY gives the mid-height of 

the lettering (X andY in plotter coordinates). 

--When subroutine CHPLT is called by the main program, it plots the writing 

for a noted chamfer. In this case, the argument WIDTH is non-zero and is writ-

ten before the angle, according to International Harvester standards. WIDTH 

is always written as a decimal point followed by two digits. 

I. 5 The Arrow Subroutines: 
ARROW (X, Y, I), ARROWA (X, Y, A), ARRA (Xl, Yl, X2, Y2, XP, YP) 

Either ARROW or.ARROWA .plots an arr~whead .15" long and .05" wide 

with its tip at X, Y (in data units). The proportions were determined by Inter-

- national Harvester standards. For ARROWA, the third argument (A) indicates 

the direction, in radians, in which the arrow points. A is measured counter-

clockwise from the left so that, for example, A= pi/2 for an arrow pointing down. 

For ARROW, the third argument and integer code (I) determines the direction in 

_which the arrow points. Multiplying I by pi/4 gives the angle (equivalent to A) 

measured counter-clockwise from the left. Thus ARROW is a special version of 

ARROWA, restricted to eight directions along the horizontal, vertical and 45° 

--- lines • . It was written because· for these common cases it is possible to avoid 
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the use of the time-consuming SIN and COS functions. ARROWA is called 

only by subroutine ANGPLT for the dimensioning of angles. 

The actual plotting of the arrowhead, identical for both ARROW and 

ARROWA, is accomplished by their calling ARRA (Xl, Yl, X2, Y2, XP, YP). 

··The plotting proceeds from the tip point, XP, YP, to one point, Xl , Yl, w.ith 

the pen down; the pen is I ifted and returned to the tip point, and finally the 

·-pe·n·goes down as plotting moves· from the tip point to the second point, X2, Y2. 

This apparently inconvenient order of plotting was used ot obtain the best-

looking arrowhead in spite of plotter backlash. It was decided on the basis 

of earlier experience that simple plotting between three points in succession 

might yield an unsatisfactory arrowhead. 

_ ( • . 6 Subroutine FORMAT 

This plotting routine is called once before each shaft is plotted. It writes 

vertica-lly on the page the identifying data which belongs with the shaft--the 

shaft name and the scale of the drawing--as shown in Fig. XIV. 

SHAFT NAME SCALE 
--- -- - -

389249R2MOD 0.500 

Figure XIV Sample Drawing Heading . 



· This subroutine was not included in the main program because it was 

easier to de-bug when independent, and once de-bugged was most easily used 

as an object deck. 

I. 7 Subroutine PLTARC (Xl, Yl, X2, Y2, XC, YC, DEV) 

This subroutine is the Benson- Lehner subroutine to plot circular arcs, 

modified to accept center points off the page. The nature of the modification 

is such that the subroutine will work only when called by the shaft plotting 

program. The formula for the coordinate of the center point contains a trans

lation of 1 0", the distance from the plotter1s y-axis to the data units y-axis. 
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- . - -- tJSTING OF PROGRAM AND SUBPROGRAMS 
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$IBFTC SHFTDW 
c DECK NO. 10 5 

DIMENSION All50ltA2150ltA3150ltA4150ltA5150l,A6150ltAj(50ltNUMI50l 
DIMENSION IROOTI50ltPOSITI50ltLEVELI50ltiREFI50l,IREF0(50ltA8C50l 
DIMENSION DNCMI50ltDTOLI50ltRNOMI50ltRTOLI50l,FRNOMI50ltFRTOLC50l 
DIMENSION TANG I 50 l ' I J. < 100 I , JJ < 50 l , KK <50 l , PL (50 l , PR <50 l , KC F < 2' 51 l 
COMMON SCALE,YAXIS 

c 

c 

COti\ IVl ON SN I 2 I 
COMMON WLI2t17t501 
COMMON /BLAST/ DEV 
DIMENSION ABCI2t51lt DLI51t3ltYACLI50ltDNI50t4l tPABK12t20l 
DIMENSION WLHI 30•3 l tKAB1 I 2 l tKAB2 ( 2 l '~11 I 2 l tM2 ( 2 l tM3 ( 2 l 
DIMENSION IH<50t2lt LOHI50t2lt LCODEI50t2lt WLYI50lt NLEVI2l 
LOGICAL DTYPI50ltFRTYPI50ltLABI2t51ltPLTOtLDUMtPLTSW 
DATA PLTSW/.FALSE./ 

-1 READ (5,51 SNtSCALEtP\AJIDTHtPLTO 
5 FORMAT 12A6tF11.3tF8.1t48X,L1l 

WRITE (6,101 SN,SCALEtPWIDTH 
10 FOR MATI48H1 EXECUTION OF PROGRAM SHFTDW FOR SHAFT - NUMBER t2A6// 9 

1Xt8H SCALE =tF6.3/9Xt23H PAPER WIDTH FOR PLOT =tF5e1l 
IFI.NOT.PLTOI GO TO 20 
WRITEI6tl5l 

15 FORrv1ATI32H 
GO TO 30 

THE INPUT CALLS FOR A PLOT.) 

20 vJRITEI6t25l 
25 FOR rv1 AT I 39H 

ZERO ARRAYS 
_30 N = 1 

THE INPUT DOESN•T CALL FOR A PLOT) 
<IMPORTANT FOR RUNS WITH MORE THAN ONE SHAFTl 30 TO 40 

32 I ROOT ( N l = N 
POSITINl = 0.0 
DO 33 L=1t2 
DO 33 M=1t17 

33 WLILtMtN) = 0.0 
·34 DO 36 L=1t2 

KCFILtNl = 0 
LAB(L,Nl = .FALSE. 

36 DL<Ntll = 0.0 

~FTN~51J 1 32,34,40 
40 WRITE (6,42) 
42 FORMATI///40X,z0H*** DATA AS READ ***///4H 

1 4HIREF,6Xt2HA3,9Xt2HA4,6X,2HA5,7X,2HA6'7H 
2 4HLAST/l 

NUMt6X,2HA1t8X,zHA2t3Xt 
IREFQ,3Xt2HA7t3Xt 

C INPUT LOOP 00045 TO 00390 
c 

DO 390 N=1,49 
NM1 = N-1 
READ ( 5, 49 l N UM ( N l , A 1 { N l 'A2 ( N l ' IRE F { N l , A 3 ( N l , A4 ( N l 'A 5 IN l 'A6 { N l ' 

1 IREFQINltA71Nl,LAST 
49 FORMAT {J2,2X,21F8e4,2XltT2t2X,ziF9.4,2Xlt21F7.4t2Xl,I2t2X,F5.1' 

1 2Xd1l 
CB-+2BB02 BBB -+22202BBB-+2B-+222202BBB-+2BB202BBB-+2B02BBB-+2202BBB-+2B-+2BB C 
C ABOVE IS THE DRUM CARD FOR FOR MAT 49 <PUT A 2 IN COL. 11 

W R I T E ( 6 , 59 l N U ~l\ ( N l , A 1 ( N I , A 2 ( N l , I REF ( N J , A 3 ( N J , A 4 ( N l , A 5 ( N l , A 6 < N l , 
1 IREFOINJ,A71NJ,LAST 

59 FOR MATIZHO ,Jz,zx,z <F8.4t2Xlti2t2X,z<F9.4t2XJ,2(F7.4t2XJ,I2t2Xt 
1 F5.1t2Xdll 

C _CHANGE ANGLES FRO M DEGREES TO RADIANS 
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c 
c 
c 

A7(Nl = A7(Nl*.01745885 

COMPLETE DATA WHERE DITTO HAS BEEN USED 100 TO 199 

JF(N.EQ.1) GO TO 200 
IF<A1(Nl.GT.O.O.OR.A2(NJ.EQ.O. Ol GO TO 150 

66 

C THE DI AM ETER HAS BE EN DITTOED 
IA2N = IFIXCA2<Nl+.5l 

C IA2 N IS THE NU MBE R OF THE PLANE TO BE COPIED 
DO 130 I=1tN M1 
IFCNU MCIJ.EQ.IA2Nl GO TO 140 

. 130 CONTINUE 
WRITE C6t135l NUM( Nl 

135 FOR MAT (38H1 THE DITTO I MPLIED FOR PLANE NUMBER ti2t32H REFERS TO 
1 AN UNDEFINED DIA METER) 

GO TO 9999 0 
140 LABC1til =.TRUE. 

AlCNl = AUil 
A2CNl = -99. 

150 IFCA5(Nl.GT.O.O.OR.A6( N).EQ.O.Ol GO TO 200 
C THE FILLET RADIUS HAS BEEN DITTOED 

IA6N = IFIX!A6! Nl+.5l 
C IA6N IS THE NU MB ER OF THE PLANE TO BE COPIED 

c 
c 
c 

DO 18 0 I= 1 , N rvn 
IF< NUM(IJ.EQ.I A6 N) GO TO 190 

180 CONTINUE 
. _ -· ~·JR 1 T E < 6 ' 1 8 5 l N U ~-'1 ( N l 

185 FOR MA T (38H1 THE DITTO I MPLIED FOR PLA NE NU MBER ,I2,37H REFERS TO 
1 AN UNDEFI NED FILLET RADIUS) 

GO TO 9999 0 
190 LA8(2tll =.TRU E. 

A5C Nl = A5Cil 
A6(Nl = -99. 

CHECK FOR CIRCUL AR REFE RENCES AND UPDATE POSITION 

200 IF<IREF( Nll 9999 0 ,201,240 

200 TO 299 

C NTH PL AN E REF ER S TO TH E LEFT- MOST PLA NE !PLA NE ZER O) 201 
201 POSITCNl = -A31Nl 

LEVELCNl = 1 
IROOT<Nl = 0 
IFCN M1l 300,30 0 ,2 0 5 

C MOVE ALL PLA NES ROOTED IN PLANE N AND ROOT THE M IN ZERO • . 205 TO 230 
205 DO 23 0 I=1, NM 1 

IFCIROOTCil- NUMCNll 230,220,23 0 
220 LEVELIIl = LEVELIIl+1 

- I ROOT< I l = 0 
POSIT!Il = POSITIIl+POSIT<Nl 

230 CONTINUE 
GO TO 300 

240 IR = IREF<Nl 

250 

255 
..258 

IFCN.EQ.1l GO TO 260 
DO 2 50 I= 1 , Nf\11 
IF<IR-NUM<Il l 250,275,2 50 
CO NTI NU E 
IF!IR-NUM(Nll 
~J R I TE ( 6 ' 2 58 l 
FORI·1A T ( 16 H1 

260t255,260 
NUt--1( N l 
PLA NE N U~B E R ,12, 27H HAS BEE N REFE RED TO ITSELF) 



c 

c 

c 

c 

GO TO 99990 . 
THE NTH PLANE IS REFERRED TO A PLANE fiR! NOT .Y~T READ. 

260 POSIT<Nl = -A3(Nl 
IROOT<NJ = IR 
LEVEL(NJ = 1 
IF<N.EQ.1l GO TO 300 
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260 TO 270 

MOVE ALL PLANES ROOTED IN N UP ONE. LEVEL AND ROOT THEM IN IR. 
DO 2 7 0 I= 1, m-11 
IF(!ROOT(IJ-NUM<Nll 270,265•270 

265 LEVEL(!) = LEVEL(IJ+1 
POS!T(Il = POSIT<Il+POSIT(Nl 
IROOTCIJ = IR 

270 CONTINUE 
GO TO 300 

THE NTH PLANE IS REFERRED TO A PLANE ALREADY READ. 
275 IF<IROOTCIJ.NE.NUM(Nll GO TO 280 

WRITE<6,278J NUM(NJ 

275 TO · 290 

278 FOR~A T (28H1 THE REFERENCE FOR PLANE ,rz,85H CLOSES THE LOOP OF 
lA CIRCULAR REFERENCE. CHECK THIS AND ALL REFERENCES LEADING TO ITJ 

GO TO 99990 
THE NTH PLANE IS POSITIO NE D RELATIVE TO ITS REFERENCE. 280 

280 POSIT<Nl = POSIT<Il-A3( Nl 
LEVEL(Nl = LEVEL<Il+1 
IROOT<Nl = IROOT<Il 
DO 290 I=l,NMl 
IF<IROOT<Il-NUM(Nl l 290,285,29 0 

C PLANES ROOTED IN N ARE MOVED WITH IT AND SHARE ITS ROOT. 285 
285 POSIT<Il = POSIT<Il+POSITCNl 

LEVEL<Il = LEVELCil+LEVEL(Nl 
IROOT<Il = IROOT( NJ 

290 CONTINUE 
C CHECK FOR THE LAST PLANE OF A SHAFT. 300 

300 IF<LASTl400•390,400 
390 CONTINUE 

WRITE(6,395l 
395 FOR MA T<45Hl THE 49TH HAS NOT BEEN SIGNALED AS THE LAST! 

GO TO 99990 
400 NPLANE = N+1 

NPLMl = NPLANE - 1 
NPLPl = NPLANE +1 

C CHECK FOR TWO TYPES OF INPUT ERROR. 405 TO 499 
DO 499 I=l,N 
IF<POSIT< I l !450,450,430 

C ALL POSITIO NS HAVE BEEN ASSIGNED TEMPORARILY NEGATIVE TO AID SORTING 

c 

430 WRITE(6,440l NUMCil 
440 FORMAT<16Hl PLANE NUMBER 'I2' 44H HAS BEEN LOCATED TO THE LEFT OF 

1 PLANE ZERO.! 
GO TO 99990 

450 IF<IROOTCil.EQ.Ol GO TO 499 
WRITE (6,460) IROOT<Il 

460 FOR MA T<l4Hl PLANE NUMBER,I3,40H HAS BEEN REFERED TO BUT NEVER DEFT 
1NED. l 

GO TO 99990 
499 CONTI NU E 

C THE PLANES ARE RENUr~BERED ON THE BASIS OF THEIR POSITION 500 TO 599 
c 



c 

c 

c 

c 

c 

c 
c 
c 

c 
c 
c 

500 DO 549 N=2tNPLANE 
L = NPLANE-N+2 

L IS THE NEW (WORKING> NUMBER OF THE PLAN~. 
M = 1 

MIS THE OLD <INPUT> NUMBER OF THE PLANE. 

520 
525 
530 

DO 530 I=2tNPLM1 
IF<POS!T(Il-POS!T(Ml l 525t520t530 
IF!A7(Il.LT.A7<Mll GO TO 530 
M = I 
CONTINUE 
DNOM(L) = A1<M> 
DTOL( L> = A2 ( M l 
RNOM(L) = A3<Ml 
RTOL(L) = A4<M> 
FRNO~HL) = A5(M) 
FRTOL(L) = A6!Ml 
TANG(L) = A7(Ml 
A8(Ll = -POSIT!Ml 
POSIT 0-'1 l = A 8 ( L> 

POSIT IS SWITCHED POSITIVE SO IT WILL BE OUT OF THE SORTING 
DTYP(Ll = LAB(1,~l 
FRTYP(L) = LAB(2tM) 

LAB HAS TO BE CLEARED FOR ITS LATER USE. 
LAB<1tMl = .FALSE. 
LAB!2tMl = .FALSE. 
K = NUM!fv1) 

K IS THE DESIGNER'S NUMBER FOR THE PLANE. 
II!Kl = L 
JJ(L) = IREF(Ml 
KK!L> = IREFQ(Ml 

549 CONTINUE 
DO 599 N=2tNPLANE 
IF(JJ<Nll570t560t570 

560 IREF(Nl = 1 
GO TO 575 

570 M = JJ(N) 
IREF(Nl = II<Ml 

575 POSIT!N) = A8<Nl 
IF<KK<N>l 580t585t590 
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ANY NEGATIVE NUMBER IS INTERPRETED AS A REF TO THE LEFT MOST PLANE. 
A ZERO INT~RP. AS NONE-A BLANK. THIS IS SET = TO ITSELF FOR 

DETECTION IN S.U.L.D. !STATEMENT 1500) 
580 IREFO(Nl = 1 

GO TO 599 
585 IREFQ(N) = N 

GO TO 599 
590 M = KK!Nl 

IREFQ<Nl = II<Ml 
599 CONTINUE 

POSIT ( 1 ) = 0. 0 

CHA MFER DATA CO~PLETION SECTION 600 TO 699 

DO 699 I=2,NPLANE 
IF<FRN01"1 ( I l . NE. O.O.OR. TA NG< I l .EO.O.Ol GO TO 699 
IF<I.LT.NPLANEl GO TO 605 
WRITE (6,603) 



603 FOR MAT <74H1 THE RIGHTMOST PLANE CANNOT BE A CHAMFER PLANE!
9 

CHECK 
1 THE SIGN OF RNOM.J 

GO TO 99990 
605 QTAN = TAN(TANG<Ill 

IT = I -!FIX !TANG( I l /ABS(TANGI Ill l 
C IT IS THE NUMBER OF THE SHOULDER PLANE. 

IF<RNOM(Ill 630,610,630 
610 D = DNOM(I+1l - DNOM(IJ 

IF<D .GT.O.Ol GO TO 620 
WRITE(6,615l POSIT(!) 

615 FORMAT(53H1 THE REFERENCE DIA METER ON CHAMFER PLANE LOCATED AT, 
1 F6.2' 42H IS NOT SMALLER THAN THE ADJACENT DIAMETER> 

GO TO 99990 
-620 POSIT!!) = POSIT<ITl + e5*D/QTAN 

RTOL<Il = -99. 
GO TO 650 

630 DNOM!Il = DNOM(!+1l-QTAN*(POSITIIl-POSITIITll*2•0 
DTOL(I) = -99. 

650 IF (TANG( Ill 670,699,699 
C THE SWITCH IS MADE SO THAT D!Il WILL ALWAYS BE THE DIAMETER LEFT 
C OF PLANE I. 670 

c 

670 T1 = DNOMIIJ 
T2 = DTOL( I l 
LDUM = DTYPIIJ 
DNOM(!l = DNOMII+1l 
DTOL(Il = DTOLII+1l 
DTYPIIl = DTYPII+1l 
DNO r-1 < I+1 l = Tl 
DTOLII+1l = T2 
DTYP ( I+ 1 l = LDUM 

699 CONTINUE 

C FIND FILLET TANGENCY POSITIONS AND MAKE INPUT CHECKS 700 TO 799 
c 

PL<2l = 0.0 
DO 799 N=2,NPLANE 
IFCFRNOMINl. NE.O.Ol GO TO 710 

C CHA MFER PL AN E 
PRINl = POSITINJ 
PL(N+ll = POSITINl 
GO TO 780 

710 IFCTA NGINl.NE.O.Ol GO TO 740 
C NO TAPER ANGLE ASSOCIATED WITH PLANE 

IFCABS(DNOMIN+1J-DNOMINll .GE. 2.*FRNOM(NJJ GO TO 730 
C FILLET IS LESS THAN 90DEG. ARC 

P = SQRTCFRN OM INl**2- IFRNOMINJ-ABS( (DNOMIN+ll-DN0M(NJJ*.5ll**2l 
GO TO 770 

C FILLET IS 90D EG. ARC 730 
73 0 P = F R N m11 ( N l 

GO TO 770 
C TAPER IS ASSOC. W/ PLANE 740 
C A IS THE DIST. TO INTERSECTION OF TAPER AND HORIZONTAL 

740 A= I IDNOMIN+1l-DNOMINl l*.5l I TANITA NG(Nll 
IF<A.GE.O.Ol GO TO 760 
WRITE (6,750) N 

750 FOR MA T 17 1H l SIGN OF DI AM ETER DIFFERENCE AND TA NG (Nl ARE NOT IN A 
1GREEMEN T FOR N =,I3l 



GO TO 9999 0 
760 P = A+A BSCT AN CTA NGCNl*.5ll * FR NOMCNJ 
770 IFCD NOM CN+1J.GT.D NOMCNJJ GO TO 775 

C _JAPER AND/OR FILLET ARE ON RIGHT OF PLAN E 
PR ( N J = POSIT C N J 
PLCN+l) = P + POSITC NJ 
GO TO 780 

775 PRC NJ =POSITCNJ - P 
PLC N+1J = POSITCNJ 

780 IFCP RCNJ.GT.PLCNJJ GO TO 799 
WRIT E (6,7901 N 
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790 FOR MATC43H1 INVESTIGATE FILLETS TO THE 
!IMPOSSI BLE GEOMETRY HAS BEEN DESCRIBED> 

LEFT OF PLANEti3t44H• 

c 
c 
c 
c 

799 CONTI NU E 

ANGULAR DI MENSIO N SET-UP CADSUJ 1000 TO 1499 

INITIALIZE SHAFT CONTOUR ARRAY ABC AND ZERO PAB K 1000 TO 1100 
- -- D 0 --1 0 1 0 L = 1 ' 2 

ABC ( L, 1 J = 0. 0 
1010 ABCCLt NPLP 1 J = 0.0 

DO 1050 N=1,20 
DO 1030 L=1t2 

1030 PA BK CLt N) = 0.0 
1050 CO NTI NUE 

DO 1100 N=2t NPLA NE 
ABCC1tNl = DNOMCNl*•5 
IFCTANGCNJ.GT. O.Ol ABC(1,Nl = DNOMCN+1J * .5 

1100 ABCC2t Nl = AB CC1t Nl 
S1A = .8/SCALE 

C S1A I S THE WI DTH ALLOTTE D TO AN ANGUL AR DI ~ E N SI ON . 

· s2A = - .-8/SCALE 
C S2A IS THE HEIGHT ALLOTTED TO AN ANGULAR DI MENSIO N. 

S3A = .79/SC ALE 
C S3A IS PROV ID ED SO THAT AN ANGLE WILL NOT BLOCK ITS OWN PLA NE. 

DO 14 00 I=2, NPLA NE 
ON< I , 4 J = 0. 0 
IFCTA NGCIJJ 1110,112 0 ,1130 

1110 XL= POS ITCIJ - S1A 
XR = POSITCIJ 
GO TO 1150 

1120 YACLCIJ = 0.0 
GO TO 140 0 

1130 XL= POSITCIJ 
XR =POSIT! I J + S1A 

C TEST FOR CH AM FE R TO BE IN DICAT ED BY NOTE 1150 

AN 

1150 IFCA BSCA BS CT AN GCIJJ - •78541 .GT. 1E-3 .OR. ABSCR NOMCIJJ.GT •• 5l 
1 GO TO 116 0 

IF<FR NOMCIJ. GT.C.OJ GO TO 1160 
IFCR NOMCIJ.E O. O. OJ GO TO 1160 
IFCIA BSCI RE F<Il-IJ . GT. 1l GO TO 1160 

C NOTED CHAMFE R 
ON C I , 4 J = 1. 0 
RTOL(IJ = -99. 
GO TO 112 0 

C ANGLE NOT TO BE I ND ICATED BY NOTE 1160 
1160 YACLCIJ = ABC(1,Il 



DN<I,tl) = OeO 
C CH ECK FOR OUTLINE I NTE RFEREN CE 

DO 1200 N= l, NP LA NE 
I F <POS I T<NlcLE.X Ll GO TJ 1200 
IF(Y /lC L{IJ.LT. ABC <l, NJl GO TO 1210 
IF< POSIT <Nl .GE.XR J GO TO 12 50 

1200 CONTIN UE 
IF< ABC <l, NP LPll.LE.Y ACL (Il l GO TO 1250 
N = NPLPl 

12 10 WR IT E ( 6 ,1 220 J I, N 
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1220 FO RVA T( 40HO THE ANGLE LABEL ASSOC I ATED WITH PLAN E,I3,49H I NTE RFER 
IES WIT H THE OU TLI NE TO THE LEFT OF PLA NE ,I 3 l 

GO TO 11 20 
C SCAN FO R 1ST OPEN I NG I N PABK, ABOVE. 125 0 

1250 DO 1260 N= l, 20 
IF<P A8K(l, Nl l 1260,1 290, 1260 

126 0 CO NT I NUE 
1270 WR IT E ( 6 ,12 80 l 
12 80 FOR~A T<62Hl PA BK DIMENSION I S I NADEQUATE FOR THE . NUMBER OF TAPER 

l ANGLES l 
GO TO 99990 

12 90 IF< N.EQ.ll GO TO 1295 
IF< PABK (l, N-l l~ GT e XL l GO TO 13 00 

C ANG LE LABE L PL ACED ABOVE 
1295 JA B = 1 

GO TO 1350 
C SCAN FOR THE 1ST OPEN I NG I N PABK ' BELOWe 13 00 

13 00 DO 1310 N= I, 20 
IF<P A8K ( 2,N l l 1310 , 132 ~ '131 0 

1310 CONTINUE 
GO TO 127 0 

1320 IF< N.E0 . 1 l GO TO 1340 
IF<PA BK(2 ,N-1l.LE.XLl GO TO 1340 
WRITE<6d330l I 

133 0 FO RMAT <40HO TH E ANGLE LABE L ASSOCI ATED WITH PLANE,I3,64H CANNO T B 
lE PLACED WIT HOUT INT ERFER I NG WITH ONE TO THE LEFT OF TTl 

GO TO 112 0 
C ANGLE LABE L PLACED BELOW. 1340 

1340 J A_B == 2 
YACL< I l == -Y ACL( I l 

1350 PABK<JA B,Nl == XR 
Y = ABS <Y ACL(ll l + S2A 

C RECO RD NEW LEVE LS OF I NNER PROFILE TE MPORA RILY I N DL. 
C <SO THEY WON •T MESS UP TH E OU TLI NE I NTERFERENCE CHECK! 

DO 139 0 J == 1, NPLA NE 
IF(POS IT{JJ.LE.XLJ GO TO 1390 
DL< J, JA B l == Y 
JF(P OS IT{JJ. GT. XR J GO TO 140 0 

1390 COrH I NUE 
DL< NPLP1,JA Bl = Y 

14 00 CON TI 1'-llJE 
~ UP DATE ALL ABC VALUE S 140 0 TO 14 99 

c 

DO 1499 J ==l , NP LP1 
DO 14 50 L=l,2 

1450 A8C(L,Jl = A~AXl(A B C(L,JJ,DL(J,Lll 
1499 CO NTI NUE 



c 
c 
c 
c 
c 
c 
c 

SET UP LENGTH DIMENSIONS (S.U.L.D.l 1500 TO 2499 

SORT BY NUMAER OF PLANES DISTANT 1500 TO 1595 
II<1l IS THE PLANE WITH THE LARGEST REFERENCE 
QREFS ARE SHOWN BY NEGATIVE PLANE NUMBERS. 
JJ{Nl HOLDS THE LENGTH OF THE REF ASSOC. WITH PLANE N. 
KK(Nl HOLDS THE LENGTH OF THE QREF ASSOCIATED WITH PLANE N 

JJ(2l = IABS<2-IREF(2Jl 
KK(2l = IABS(2-IREFQ(2l l 
IF<KK(2ll 1505,1505,1510 

1505 NQ = 0 
1507 II(l) = 2 

GO TO 1520 
1510 NQ = 1 

IF<KK(2J.GT.JJ(2ll GO TO 1515 
I I < 2 l = -2 
GO TO 1507 

1515 II<ll = -2 
!1(2) = 2 

1520 DO 1595 N=3tNPLANE 
JJ(N) = IABS<N-IREF(Nll 
KK(Nl = IABS(N-IREFQ(Nl l 
IF<KK(NJ-1) 1560,1550,1525 

1525 M = N+NQ-2 
DO 15 3 5 I= 1 'M 
I R = I I ( I > 
IF<IR.GT.Ol GO TO 1530 
MIR = -IR 
IF(KK(N) - KKCMIRl ) 1535,1535,1540 

1530 JF(KK(Nl.GT.JJ(IRl l GO TO 1540 
1535 CONTINUE 

I I ( M+ 1 l = -N 
GO TO 1555 
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C THE CURRENT QREF GOES IN AT I. ALL PREVIOUS ARE MOVED BACK. 1540 
1540 DO 1545 K=I,M 

L = M+I-K 
1545 II<L+1l = II (Ll 

I I ( I l = -N 
GO TO 1555 

C QREF OF LENGTH 1 IS PUT IN LAST PLACE. 1550 
1550 M = N+NQ-1 

II(M) = -N 
C OREF COUNTER IS INCREASED BY ONE. 1555 

1555 NQ = NQ + 1 
C SHORTCUT TEST. IF JJ{NJ = 1 1T IS PLACED AT THE BACK END. 1560 

1560 IF<JJ(NJ-1) 1565,1590,1565 
1565 ~~ = N+NQ-2 

DO 1 57 5 I = 1 , ~1 

I R = I I ( I l 
IF<IR.GT.OJ GO TO 1570 
MIR = -IR 
IF<JJ(Nl - KK(MIR>l 1575,1575,1580 

1570 IF(JJ(NJ.GT.JJ(IRll GO TO 1580 
1575 CONTINUe 

GO TO 1590 
1580 DO 1585 K=I,M 

L = M+I-K 



c 

c 

c 

c 

1585 IIIL+l> = IIIL> 
I I ( I l = N 
GO TO 1595 

1590 M = N+NQ-1 
-- IJ(M) = N 

1595 CONTINUE 
DEAL WITH DI MENSIONS ONE AT A TI ME, LONGFST FIRST. 

S1L = .20/SCALE 
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1600 TO 2500 

S1L IS THE LENGTH OF LEADER LINE FOR TYPE 3 DIMENSION FOR MAT. 
S2L = .30/SCALE 

S2L IS THE LENGTH OF AN EXTERNAL ARROW WITH EXTERNAL WRITING. 
S3L = .45/SCALE 

S3L IS THE LENGTH OF AN EXTERNAL ARROW WITH INTERNAL WRITING. 
S4L = .50/SCALE 

c- --s4L,THE MI NIMUM LENGTH OF THE INTERNAL ARROW WITH INTERNAL WRITING. 
S5L = .50/SCALE 

c S5L IS THE LENGTH OF THE INTERNAL ARROW WITH EXTERNAL WRITING. 
S6L = .20/SCALE 

_ _ _ <;: ___ __ S6L IS THE LENGTH ALLOTTED AN ARRO imEAD IF PROVIDING A W • L • BREAK • 
M = NPL~ 1 + NQ 
DO 2 4 50 N = 1 , ~-1 

IFIIIINJ.LT.Ol GO TO 1610 
NP = II!N) 
IR = IREF!NPJ 
IFIRTOLINPl.LT.<-10.l) GO TO 2450 
A = ABS<RNOMINPl l 

---A!OL = -RTOL< NPJ 
JREF = 1 
GO TO 1620 

C THE PRESE NT LENGTH DI MENSIO N IS A REFERE NCE DIMENSION. 1610 
1610 NP = -II< Nl 

IR = IREFQ!NPl 
A= A~SIPOSITINPl - POSITIIRll 
ATOL = -4. 
JREF = 2 

C TEST FOR PLA NES BLOCKED BY ANGLES 
1620 N1 = MI NOINP,IRJ 

- N2 = MAXOI NPdRl 
MA = 0 
DO 1630 I=1,20 

1620 To 1660 

IFIPA8K(l,JJ.LE.POSITIN1ll GO TO 1630 
IFIPABK(1,Il-S3A.LT.POSITIN1ll ~A = 1 
DO 1625 L=1,20 
IFIPABK(1,LJ.LE.POSITIN2ll GO TO 1625 
IFIPABK(1,LJ-S3A.LT.POSITIN2ll MA = 1 
GO TO 1635 

1625 CONTINUE 
GO TO 1635 

1630 CONTINUE 
1635 MB = 0 

DO 1645 I=1,20 
IF!PAB K(2,IJ.LE.POSIT<Nll l GO TO 1645 

_ _ J F _! p_A 8 K I 2 ,r l - S 1 A • L T • P 0 S I T < N 1 l l 1'-1 B = 1 
DO 1640 L=1,20 
IFIPA BK(2,LJ.LE.POSIT! N2ll GO TO 1640 
IFIP AB K( 2 ,LJ-SlA.LT.POSIT< N2ll MB = 1 
GO TO 165 0 

--- 1 6 4 0 C 0 NT I N U E 



GO TO 1650 
1645 CO NTI NUE 
1650 IFC MA+ MB .LT.2l GO TO 1660 

WRITEC6tl655l NPt! R 
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1655 - ~ORM ATC 39 HO UNA BLE TO PL ACE DI MENSION FROM PLA NE,I3t 9H TO PLANE, 
1I3t37H BECAUS E OF INTERFER EN CE WITH ANGLES.) 

c 

RTOL<NPl = -50. 
GO TO 2450 

1660 JAB = ~-18 

IFCMA.EQ.ll JAB = 2 
WC = THE LENGTH OF THE WRITING CIN DATA UNITSl. 

WC = CLENCAtATOL,Q,JREF-lt.FALSE.J/SCALE 
NL = N1 + 1 
NR = N2 - 1 

C - ~OUNT THE NU MB ER OF APPLICABLE WITNESS LINES DRA WN ALREADY. 
LA = 0 
LB = 0 
IFCLABC1tNPl l LA = LA + 1 
IFCLABC1,IRl l LA = LA+ 1 

- ----1 F C LA-B C 2, I R l l L B = L B + 1 
IFCLABC2t NPl l LB = LB + 1 

c 
c 
c 

TEST TO SEE WHICH ARRO W FOR MAT WILL BE USED. 
T1 AND TZ ARE THE LONGE R AND SHO RTER OVERHA NG DISTANCES OF THE 
DIMENSIO~I N G BEYO ND THE PLANES CONCERNED. 

c 
IFCA.LT. WC+S4Ll GO TO 1670 

INTER NA L ARR OW S AND LETTERING. 
LCODEC NP,JREFl = 1 
IFCNL.GT. NRJ GO TO 1700 
Tl = o.o 
T2 = o.o 
GO TO 1800 

1670 IFCA.LT. WCl GO TO 1680 
C INTER NA L WRITI NG AND- EXTE RNAL ARROWS. 

LCODECNP,JREFl = 2 
T1 = S3L 
T2 = S3L 
GO TO 18 00 

-- ~~80 IFCA.LT.S5Ll GO TO 16 90 
C INTERNAL AR ROWS AN D EXTER NAL WRITING 

LCODECNP,J REFl = 3 
T 1 = S1L + ~K 

T2 = 0.0 
GO TO 1800 

C EXTERN AL ARRO WS AND WRITI NG. 1690 
1690 T1 = S2L + WC 

T2 = SZL 
LCODECNP,J REFl = 4 
GO TO 18CO 

C THE SI MPLE CASE OF NEIGH BORING PLA NES WITH NO OVERHANG. 1700 TO 1800 
1700 IFCJAB.GT.Ol GO TO 1740 

IFCLA-LBl 1710,1720,1730 
1710 JAB = 2 

GO TO 1740 
1720 IFC KCFC1, NLl.GT.KCF(2, NLJl GO TO 1710 
1730 JAB = 1 
1740 K = KCFCJA Bt NLl + 1 

KCFCJA Bt NLl = K 
ASSIG N 1780 TO t-1 



C PROVIDE FOR STARTING NEW WITNESS LINES· (~oJLl AND SIGNALLING 75 
C THEIR PRESENCECLABl. 1750 

1750 IFCLAB(JAB,NPll GO TO 1755 
WL(JABtltNPl =<.375*FLOAT(Kl - .12)/SCALE 
LABCJAB,NPl = .TRUE. 
GO To · 1760 

1755 WLCJAB'l'NP> = AMINl(WLCJA9tltNPltCe375*FLOATCKl-.12l/SCALEl 
1760 IFCLABCJAB,IRll GO TO 1765 

WLCJABtltiRl =C.375*FLOAJ(Kl- el2)/SCALE 
LABCJABtiR) = .TRUE. 
GO TO 1770 

1765 WLCJAB,ltiRl = AMIN1CWLCJABtltTRltCe375*FLOATCKl-.12l/SCALEl 
1770 GO TOM' Cl780,2100l 
1780 IH(NP,JREFl = KCFCJAB,NLl * (l-2*(JAB-lll 

GO TO 2450 
C THE NON-SIMPLE CASE WITH POSSIBLE INTERFERENCE. . 1800 TO 2450 
C ESTABLISHE END PLANES FOR POSSIBLE LEFT AND RIGHT LOCATIONS, 
C LEFT END FIRST. 1800 TO 1900 

1800 END! = POSITCNll - T1 
END2 = POSITCNll - T2 
IFCEND2.GE.O.Ol GO TO 1805 
NL2 = 1 
NLl = 1 
GO TO 1840 

1805 NL2 = NL 
1810 IFCPOSITCNL2-ll.LE.END2l GO TO 1820 

NL2 = NL2 - 1 
GO TO 1810 

1820 IFCENDleGE.O.Ol GO TO 1825 
NL1 = 1 
GO TO 1840 

1825 NL1 = NL2 
1830 IFCPOSITCNLl-ll.LE.ENDll GO TO 1840 

NLl = Nll - 1 
GO TO 1830 

C ESTABLISH RIGHT END PLANES. 1840 
1840 END2 = POSIT(N2l + Tl 

END! = POSITCN2l + T2 
IFCENDl.LE.POSITCNPLANE) l GO TO 1845 
NR2 = NPLANE 
NRl = NPLANE 
GO TO 1900 

1845 NRl = NR 
1850 IF<POSITCNR1+1l.GE.END1l GO TO 1860 

NR1 = NR1 + 1 
GO TO 1850 

1860 IFCEND2.LE.POSITCNPLANEll GO TO 1865 
NR2 = NPLANE 
GO TO 1900 

1865 NR2 = NRl 
1870 IFCPOSITCNR2+ll.GE.END2l GO TO 1900 

NR2 = ~JR2 + 1 
GO TO 1870 

C SURVEY NU MBER OF INTERFERENCES(Ml AND ~2) AND SPACECKAB1 AND KABZl 
C 1900 TO 2000 

1900 DO 2000 L = 1,2 
Ml<Ll = 0 
M2(Ll = 0 



KAB1[Ll = KCFCL,NR1+1l 
KAB2CLl = KCFCL, NR2+1l 
DO 1940 J=NL1,NR1 
KAB1CLl = MAXOCKABl{Ll•KCFCL•Jll 
IF<-J.EQ.NP.OR.J.EQ.IRl GO TO 1940 
IFCLAB(L,Jl) Ml(L) = Ml(L) + 1 

1940 CONTI NUE 
DO 1980 J=NL2•NR2 
KAB2CLl = MAXOCKAB2CLl,KCFCL,Jll 
IFCJ.EQ. NP.OR.J.EQ.IRl GO TO 1980 
IFCLABCL,Jl) M2Cll = M2CL) + 1 

1980 CONTI NUE 
M3(Ll = MINOCM1Cll , M2CL) l 

2000 CONTI NUE 
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-C DETERMINE - WHETHER 
IF<JAB.GT.O> GO 
IF(M3<2l-~3C1ll 

2010 JAB = 2 

ABOVECJt>.8=1l OR BELmoJCJAB=2l IS PREFERABLE. 
TO 2050 
2010,2020•2030 

GO TO 2050 
20~a IFCLA-LBl 2010,2040,2030 
2030 JAB = 1 

GO TO 2050 
2040 IF< MIN OCKAB1Cll•KAB2Cll) - MI NO CKAB1C2l• KAB2<2l I I 

C CHOOSE THE RIGHT OR LEFT OPTIO N 2050 TO 2090 
2050 IFC M 1CJABl-~2CJABll 206 0 ,2070•2080 

C LEFT OPTION. 2060 
-2060 LO = -1 

K = KAB1CJABl + 1 
N1 = NL1 
N2 = NRl + 1 
GO TO 209 0 

2070 IFCKAB1CJABl.LE.KAB2CJA Rll GO TO 2060 
C RIGHT OPT10 N. 2080 

2080 LO = 1 
K = KAB2CJABl + 1 
N1 = NL2 
N2 = NR2 + 1 

2090 ASSIGN 21 00 TO M 
GO TO 175 0 

C RETURN FRO~ UPDATE LOGICAL ARRAY, LA B. 2100 
2100 IHC NPtJREFl = K*C1-2*CJAB-1ll 

LOHCNP,JREFl = LO 
C UPDATE KCF. 

DO 2130 I=N1tN2 
2130 KCFCJABd l = K 

2030.2030t2010 

C TEST FOR INTERFERENCE FOR PROVIDING WIT NESS LINE BREAKS. 
IFCM3CJABJ.EO.Ol GO TO 2450 
NM1 = N2 - 1 
DO 2300 I= N1tNMl 
IFC.NOTeLABCJAB.Ill GO TO 2300 
IFCI-NL+ll 215 0 ,2300,2140 

2140 IF<I- NR-ll 220 0 ,2300,2160 
C _ _ PLA NE I IS LEFT OF THE LEFT WITNESS LINE. 2150 

2150 B = POSITCNL-ll - POSITCil 
GO TO 2170 

C PLANE I IS RIGHT OF THE RIGHT WIT NESS LI NE. 2160 
2160 B = POSITCil - POSITC NR +ll 

--2170 IF1 B.GT.T2l CALL SKIPCJAB•I•~,.lOl 



IFCB.LE.S6Ll CALL SKIPCJAB,I,K,.05} ]l 
GO TO 230 0 

C PLANE I IS BETWEEN THE WITNESS LINES. 2200 
2200 IFCT1.NE.T2J GO TO 2220 

C Tl = T2 MEANS THE WRITING IS BETWEEN THE WITNESS LINES 
C B IS THE MIDPOINT. (RECALL THAT A IS THE DISTANCE BETWEEN W.L.l. 

B = POSITCNL-1l + A*.5 
IFCABSCB-POSITIIII.GE.WC*•51 GO TO 2220 
CALL SKIPIJAB'I'K,.101 
GO TO 2300 

C TEST FOF INTERNAL ARROWS. 2220 

c 

2220 IFIA.LT.S5Ll GO TO 2300 
B = AMIN1CPOSITIIl-POSITINL-1l,POSITCNR+ll-POSITCill 
IFCB.LE.S6Ll CALL SKIP(JAB'I'K,.05l 

2300 CONTINUE 
2450 CONTINUE 

C LOCATE DIAMETRAL DIMENSION LINES 2500 TO 3499 
c 
C ZERO ARRAY WLH 

2500 DO 2550 J=1,30 
2 5 5 0 V.J L H ( J ' 1 l = 0 • 0 

C LOCATE DIAMETERS, CENTRAL ONES FIRST 2600 TO 3499 
S2D = .30/SCALE 

C S2D IS THE LENGTH OF HORIZO NTAL WITNESS LINES 
DO 3499 I=1, NPLM1 
N = CNPLANE+21/2 + C1-UACDCI,21*2ll*I/2 
IFCDTOLCNJ.GT.C-10.11 GO TO 2610 

C TOLERANCE= -99.,INDICATING A TYPICAL DIMENSION NOT TO APPEAR 
GO TO 3490 

2610 IFCFR NOM INl.NE.O.O .OR. TA NGCNJ.L E. O.Ol GO To 2620 
C A LEFT CHAMFER 

IFIRNOMCNJ.EQ.O.Ol GO TO 2680 
C THE CHAMFER HAS NO SHOULDER DIAMETER. 

GO TO 3490 
2620 IFCFRNO~CN-1 l.NE.O.O .OR. TA NG IN-1l.GE.O.O) GO TO 2630 

C A RIGHT CHA MFER 
IFCRNOMCN-1leEO.O.Ol GO TO 2680 

C THE CHA MFER HAS NO SHOULDER DIA~ETER. 

GO TO 3490 
2630 A = POSITINJ-POSITIN-11 

IFCA.GT •• 20/SCALEl GO TO 2640 
C A SECTION NARROW ENOUGH THAT WITNESS LINES MUST BE USED 

GO TO 2690 
2640 B = PRCNJ - PLCNJ 

C COMPLICATED METHOD OF DEDUC ING TWO POSSI8LE X LOCATIONS FOR THE 
C DIA METER INDIC ATING ARROW. COMPLICATION AR IS ES FRO M EFFORT TO BE 
C CONSISTE NT WITH LOWER LI~IT ON A OF .20/SCALE. 

XL2 = AMAX1CPLINl+.1* 9 ,POSITIN-11+.10/SCALEl 
XR1 = AMIN1CPRCNI-.1* B,POSITC Nl-.10/SCALEl 
IFCXL2.LT.XRll GO TO 2950 
XL2 = PLINl +.5*8 
XR1 = XL2 
SID = 0.0 
GO TO 2950 

C CHA MFER WITH SHOULDER DIA METER TO BE INDICATED. 2680 
2680 XD1 = POSITI Nl S2D 

XD2 = POSIT! Nl + S2D 



ASSIGN 2800 TO K 
GO TO 2700 

C GROOVE OR RIDGE. REQUIRING WITNESS LINES. 2690 . 
2690 XDl = POSIT<N-ll - S2D 

XD2 = POSIT<Nl +S2D 
ASSIGN 2830 TO K 
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C SEGMENT TO CHECK FOR INTERFERENCE OF DIAMETER DIMENSION· LINES WITH 
C THE ANGLES RECORDED BY A.D.S.U. IN PA BK . K1 AND K2 COUNT 
C INTERFERENCES FOR THE LEFT AND RIGHT ARROW POSITIONS RESPECTABLY. 

2700 JAB1 = 0 
JAB2 = 0 
K1 = 0 
K2 = 0 

C EXAMINE THE LEFT HAND POSSIBILITY, ABOVE AND BELOW 
DO 2740 L=lt2 
DO 2730 J=lt20 
IF<PABK(L,Jl.EO.O.Ol GO TO 2740 
IF(PABK<LtJl.LE.XDll GO TO 2730 
IF(XD1.LE.PABK(L,JJ-S1Al GO TO 2740 
Kl= K1 + 1 
JAB! = 3-L 
GO TO 2740 

2730 CONTINUE 
2740 CONTINUE 

C EXAMINE THE RIGHT HAND POSSIBILITY, ABOVE AND BELOW 
DO 2780 L=l'2 
DO 2770 J=lt20 
IF<PABK<L,Jl.EQ.O.Ol GO TO 2780 
IF(PA8K(L,Jl.LE.XD2l GO TO 2770 
IF(XD2.LE.PABK(L,Jl-S1Al GO TO 2780 
K2 = K2 +1 
JAB2 = 3-L 
GO TO 2780 

2770 CONTINUE 
2780 CONTINUE 

GO TO K,(2800,2830,3 0 50) 
C CHOOSE THE SIDE FOR WITNESS LI NE PLACEMENT. 2800 TO 2899 
C SHOULDER DIAMETER' ONE SIDE ELIMINATED ONLY IF INTERFERENCE ABOVE 
C AND BELOW. 2800 

2800 IF<Kl-2l 2820,2810,2820 
2810 IF(K2.LT.2l GO TO 2890 

\.J/RITE<6,2815l N 
2815 FOR MAT<59H0 CA~lNOT DIMENSION SHOULDER DIAMETER ASSOCIATED WITH PL 

!ANEti3,39H BE CAUSE OF INTERFERENCE WITH AN ANGLE.> 
GO TO 3490 

2820 IF(K2.E0.2l GO TO 2880 
IF<TANG<Nl l 2890,2890,2880 

C GROOVE OR RIDGE, EITHER SIDE ELIMINATED BECAUSE OF MORE 
C INTERFERENCES. 2830 

2830 IF<Kl-K2l 2880,2840,2890 
2840 IF<Kl.LT.2l GO TO 2850 

WRITE(6,2845lN 
2845 FOR MAT(49HO CANNOT DIMENSION DIAMETER TO THE LEFT OF PLANEti3, 

1 39H BECAUSE OF INTERFERENCE WITH AN ANGLE.> 
GO TO 349 0 

2850 IF(POSIT< N+ll-POSIT(Nl .GT. POSIT<N-ll-POSIT< N-2ll GO TO 2890 
C2880HSm0E=Lg[l OHAN D ~ITNESS LINES, FAVORING WRITING ABOVE. 2880 

IS = N-1 



JAB = MAXOCJABl,ll 
GO TO 2900 

C CHOOSE RIGHT HAND WITNESS LINES, FAVORING WRITING ABOVE. 
2890 SID = 1.0 

IS·= N 
. JAB =· MAXO ( JAB2, l.l 

C SCAN FOR 1ST OPEN SPOT IN WLH 2900 
2900 DO 2910 J=l,30 

IFCWLH(J,ll.EO.O.O l GO ~0 2920 
2910 CONTINUE 

WRITE(6,2915l 
2915 FORMAT(25Hl WLH DIMENSION EXCEEDED) 

GO TO 99990 
2920 Xl = POSITCISf + SlD*S2D 

WLH(J,ll = DNOM!Nl*.5 
WLHCJt21 = Xl + SlD*S2D*e2 
WLH(J,31 = Xl - SlD*S2D*e65 
XL2 = Xl 
XRl = Xl 
JSTORE = J 

C J IS STORED FOR UPDATING ABC (33301 
2950 WC = CLEN<DNOM(NltDTOL(NJ,z,o,DTYP(Nll/SCALE 

XR2 = XL2+WC+S2D 
XLl = XR1-WC-S2D 
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2890 

C LEFT HAND ALTERNATE (XRltXLl ARE ITS ENDPOINTS! CORRESPONDS TO 
C RIGHT HAND ARROW LOCATION. 

ID = l+(N-21/\NPLANE/21 
C ID SHOWS LEFTCID=ll OR RIGHTCID=2l CHOICE 

IFCI.EQ.ll ID = 0 
S3D = 1.0 
IFCXL2.GE.Xlll GO TO 2960 
S3D = -1.0 

C S3D RECORDS THE SWITCH MADE TO ASSURE US THAT 1 IS THE LEFT HAND SET 
C OF END POINTS 
C AFTER SWITCHING, LEFT HAND PLACE MENT (ALTERNATE ll CORRESPONDS TO 
C LEFT HAND ARROW LOCATION. 

XL = XLl 
XR = XRl 
XLI = XL2 
XRl = XR2 
XR2 = XR 
XL2 = XL 

C IF A SWITCH IS MADE, THIS MEANS SECTION IS LONG ENOUGH THAT 
C DIAMETER DIMENSION INTERFERENCE CANNOT BE A PROBLE M. 

ID = 0 
C TEST FOR INTERFERE NCE vJITH ANGLES FOR THOSE NO T ALREADY TESTED 2960 

2960 IF(SID.EQ.C.O l GO TO 2970 
C DIAMETER WITH WITNESS LINES, ALREADY TESTED 

GO TO 3105 
2970 IF(XRI. NE.XL2 .OR. S3D.E O.C-l.Ol I GO TO 3000 

C THERE IS ONLY ONE POSSIBLE X POSITION FOR THE DIA METER ARROW. 
C EXA MI NE ABOVE AND BELOW 

K = 0 
JAB = 0 
DO 2990 L=lt2 
DO 2980 J=I,20 
IF!PABK(L,Jl.EO.O.Ol GO TO 2990 
IFCPABK(L,Jl.LE.XRll GO TO 2980 



IF<XR1.LE.PABK(LtJ)-S1A) GO TO 2990 80 
K = K+1 
JAB = 3-L 
GO . TO 2990 

2980 CONTINUE 
2990 CONTINUE 

IF<K.LT.2l GO TO 3105 
WRITE(6t2995) N 

2995 FOR MAT(32HO DIAMETER TO THE LEFT OF PLANEtl3•73H IS NOT BEING LAB 
1ELED BECAUSE INTERFERENCE WITH AN ANGLE WAS UNAVOIDABLE.) 

GO TO 3490 
3000 ASSIGN 3050 TO K 

IF(S3Dl3010,3010,3020 
3010 XD1 = XLl 

XD2 = XR2 
GO TO 2700 

3020 XD1 = XL2 
XD2 = XRl 
GO TO 2700 

C RETURN FROM INTERFERENCE COUNTING. 3050 
3050 IF<K1.LT.2 .OR. K2.LT.2) GO TO 3060 

WRITE(6,2995l N 
GO TO 3490 

C ONE SIDE IS BLOCKED COMPLETELY. THE OTHER HAS AT LEAST ONE OPENING. 
C 3060 AND 3070 

3060 IF<K2.LT.2l GO TO 3070 
ID = 1 

C ID SHOWS A LEFT OR RIGHT PREFERENCE AS JAB SHOWS ONE ABOVE OR BELOW 
GO TO 3100 

3070 IF<K1.LT.2l GO TO 3080 
ID = 2 
GO TO 3100 

3080 IF<ID.NE. Ol GO TO 3100 
IF<JABI.NE.JAB2l GO TO 3090 

C BOTH SIDES IDENTICAL W/ AT LEAST ONE OPENI NG 
JAB = JAB1 
GO TO 3100 

C IDA AND IDB ARE INDICATORS OF <RIGHT OR LEFT SIDEl CHOICE ABOVE AND 
C BELOW RESPECTIVELY. THE TWO SI DES ARE DIFFERENT. 3090 

3090 IDA = 0 
IDB = 0 
JAB = 0 
IF<JAB1.E0.1l IDR = 2 
JF(JAB2.EQd) IDB = 1 
IF<JAB1.E0.2l IDA= 2 
IF<JAB2.E0.2l IDA= 1 
GO TO 3105 

3100 IF<ID.E0.1) JAB= JAB1 
IF<ID.E0.2l JAB= JAB2 
IDA = I D 
I DB = I D 

C CHECK WITNESS LINE INTERFERENCES AND SPACE FOR FOUR ALTERNATIVES. 
3105 DO 3110 L=1t2 

Ml<Ll = 0 
M2<Ll = 0 
KAB 1 ( L l = 0 

3110 KAB2<Ll = 0 
C THIS RO UTINE DEPENDS ON ALTER NATE 1 BEING TO THE LEFT OF ALTERNATE 2 



DO 3190 K=1, NPLANE 81 
IF(POSIT(Kl.LT.XLll GO TO 3130 
IF(POSIT(Kl.GT.XRll GO TO 3150 
DO 3120 L=l,2 
IFtLAB(L,Kl l M1(Ll=M1(L)+1 

C M1 TALLYS THE NU MBER OF WITNESS LINES CUT BY ALTERNATE 1. 
3120 CONTINUE 

GO TO 3135 
3130 IF(POSIT(K+ll•LT.XLl) GO, TO 3190 
3135 DO 3140 L=1t2 
3140 KABl(Ll = MAX0(KAB1(Llt KCF(L,K+1l l 
3150 IF<POSIT( KJ.LT.XL2l GO TO 3170 

IF(POSIT( Kl.GT.XR2l GO TO 3200 
DO 3160 L=1t2 
IF(LAB(L,Kll M2(Ll = M2(Ll + 1 

3160 CONTINUE 
GO TO 3175 

3170 IF(POSIT(K+1l.LT.XL2l GO TO 3190 
3175 DO 3180 L=1,2 
3180 KAB2(Ll = MAXQ(KAB2(LJ,KCF(L,K+1ll 
3190 CONTI NUE 

C DETER MINE WHETHER THE DI MENSION WILL BE PLACED ABOVE (JAB=1) OR 
C BELOW (JA B=2l. 3200 

3200 IF(JAB.GT.Ol GO TO 3260 
IF<IDA-1> 3205,3210,3215 

3205 MA = MINO( M1(1lt M2(1l l 
KA = MINO( KAB1(llt KAB2(1) l 
GO TO 322 0 

3210 MA = Ml(ll 
KA = KAB1(1) 
GO TO 322 0 

3215 MA = M2(1) 
KA = KAB2(1) 

3220 IF(ID B-1> 3225,3230,3235 
3225MB= MIN O(M1(2), M2(2ll 

KB = MIN 0 (KAB1(2J,KA 82(2ll 
GO TO 324 0 

3230 MB = M1(2l 
KB = KA B1(2l 
GO TO 324 0 

3235 MB = M2(2l 
KB = KAB2(2l 

C FIRST CRITE RIO N IS MINI MIZING INTERFERENCE. 3240 
3240 IF( MA-MBl 3255t32 50,3245 
3245 JAB = 2 

IF<ID.EQ. Ol ID=IDB 
GO TO 326 0 

3250 !F(KA-K Bl 3255t 3255t3245 
3255 JAB = 1 

IF(ID.EQ.Cl ID=IDA 
C DETER MI NE WHET HER DI MENSION WILL BE GIVEN LEFT OF RIGHT PLACE MENT. 

3260 IF(ID-1l 3265,3290,3280 
3265 !F( M1(JA Bl-M2(J ABl l 329 0 ,3270,3280 
3270 IF(KA Bl(J AB l-K AB 2(JA Bll 3290,329 0 t3280 

C FECOR D HA ND OF TU RN (AS OPP OS ED TO HA ND OF PLAC EM ENT) TN DL( N,3l 
C RIGHT HAND PL ACE MENT (ALTER NATE 2>• 3280 

3280 DL( Nt3l = S3D 
K = KAB2(JA Bl + 1 



c 
IF<S3D.GT.O.Ol GO TO 3285 

LEFT HAND TURN 
DL<Ntl) = XR2 
GO TO 3300 

C RIGHT HAN D TUR N 3285 
3285 DLC Ntll = XL2 

GO TO 3300 
C LEFT HAND PLACE MENTIALTERNATE ll. 

c 

3290 DL( N,3) = -S3D 
K = KABl(JABl + 1 
IF<S3D.GT.O.Ol GO TO 3295 

RIGHT HA ND TURN 
DL<Ntll = XLI 
GO TO 33 00 

C LEFT HAND TURN 3295 
3295 DLIN,ll = XRl 

3290 

C RECORD PLACE MENT LEVEL OF WRITING IN DL(N,2l. 3300 
3300 DL( N,2l = FLOATIK*Il-2*(JA B-ll l l 

C Xl AND X2 ARE THE TWO ENDS OF THE WRITING. 

c 

c 

Xl = DL(N,ll + DL(N,3l*S 2D 
X2 = DL(N,ll + DLIN,3l* WC 

XLO AND XRO ARE THE ENDS OF WRITING PLUS LEADER. 
XLO = AMIN11X2,DLIN,lll 
XRO = AMAX11 X2, DLI N,lll 

XLI AND XRI ARE THE LEFT AN D RIGHT ENDS OF THE WRITING. 
XLI = AMIN11Xl,X2l 
XRI = AMAX11Xl,X2l 

c UPDATE LEV ELS FILLED ARRAY' KCF AND PROVIDE FOR W.L. BRE AK S 
DO 3325 J=l, NPLA NE 

c 

IF(POSIT(Jl.LE.XLOl GO TO 3325 
KCF(JAB,J) = K 
IF<POSITIJJ.GE.XROl GO TO 3330 
IF(XLI.GE.POSIT<Jl .OR. XRI.LE.POSITIJJ l GO TO 3325 
IF<.NOT.LABIJA B,Jl l GO TO 3325 
CALL SKIPIJA B,J, K,.lOl 

3325 CONTI NUE 
KCF!JAB,NPLPll = K 

3330 IF<SlD.EQ. O. Ol GO TO 3499 
FOR CASES WITH WIT NESS LINES, ABC IS UPDATED 

J = JSTORE 
XL= AMINli WLH(J,zJ, WLH(J,3l) 
XR = AMAXl( WLH(J,zJ, WLH(J,3ll 
DO 3350 L=l, NPLA NE 
IF<POSITILl.LE.XLl GO TO 3350 
ABC(l,Ll = AMAXl( WLH(J,ll,A 9C(l,Ll l 
ABC(2,Ll = AMAX11 WLHIJ,ll,A BCI2,Lll 
IF<POSITILl.GE.XRl GO TO 3499 

3350 CO NTINUE 
ABC(l,NPLPll = AMAXl(WLH(J,lJ,ABCil,NPLPlll 
ABC(2.,NPLPll = AMAXliWLH(J,lJ,ABCI2tNPLPlll 
GO TO 3499 

3490 
3499 

c 

DL< Nt2l = 0. 0 
CONTI NUE 

c SET-UP NOTES WITH LEADERS 3500 TO 3999 
c 

SlN = .3 0 /SCALE 

/ 
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C S1 N IS THE LE NGTH OF THE HO RIZONTAL TAIL OF THE LEADER ARR OWS. 



C· LOCATE LEADER ARROW POINT 3500 TO 3700 83 
DO 3700 I=2,NPLANE 
IFCDN(I,4l. NE.l.Ol GO TO 3600 

C THIS IS A NOTED CHA~FER. 
---J - ::: - IF I X (SIG N C 1. , TANG ( I ) l l . 

IMJ = I-J 
DN(J,ll = POSITCil-.5*CPOSITCil-POSITCIMJll 

C DN(l,ll IS POSITIVE FOR RIGHT POINTING ARROWS 
DN(J,ll = DN(I,ll * FLOAT(Jl 
DN(J,2l = CDNOMC!l+DNOMCI+lll * .25 
GO TO 3700 

C TEST FOR CHAMFERCNOT A NOTED ONEl. 3600 
3600 IFCFRNOMCIJ.EO.O.Ol GO TO 3690 

C TEST FOR DI MENSION TO BE OMITTED. 
IFCFRTOL<Il.LT.<-lO.ll GO TO 3690 
IFCDNOMCil-D NOMCI+lll '610,369~,3620 

3610 RB = DNOMCI+ll*•5 
RS = DNOM(Il*•5 
j = 1 
GO TO 3630 

3620 RB = DNOMCIJ * .5 
RS = DNOMCI+ll * .5 
j = -1 

C TEST FOR A TAPER. 3630 
3630 IFCTANGCIJ.EQ. O.Ol GO TO 3640 

IF<ABS!TA NGCill.LE •• 7854l GO TO 3650 
----€- ---t.-eCATE · AT --45DEG. PT. WITH TAPER ENTERING PROBLE~v! . 

DNCit11 = CPOSIT<Il-CRB-RSl/TANCTANGCII I-FRNOM(ll*TANCTANGCil*.51 
1 + FRNOMCil*SINCTA NGCIJ*.5ll * FLOAT(Jl 

DN<I•21 = RS + FRNOMCII*Cl.-COSCTANGCil*•5l l 
GO TO 3660 

~ NO TAPER .INVOLVED. 3640 
-~ j640 . _ I . FCR ~~RS.LT •• 293*FRNOM(IIl GO TO 3650 

DNC !91 l =<POSIT< I I - .~q3 .,'l- FR N0 i'1( I l·*FLOATCJl l * FLOAT(Jl 
DNCit2l = RS + .293 * FRNOMCil 
GO TO 3660 

C FOR LACK OF BETTER TO DO THE ARROW IS DIRECTED TO THE OUTLINE. 3650 
3650 DNCitll = POSITCII * FLOATCJI 

DNCit2l = RB 
3660 DNCI,4l = 2.0 

GO TO 3700 
C SET DN4 = 0 FOR NO NOTE. 3690 

3690 DNCit4l = 0.0 
3700 CONTINUE 

C LOCATE THE WRITING LEVEL FOR NOTES. 3700 TO 3999 
DO 3999 N=2•NPLANE 

---- -N2 I = NPLANE + 2 - N 
IFCDN(N,4l.EO.O.O .OR. DNCN,ll.LT.O.O) GO TO 3970 

C A RIGHT POI NTI NG NOTE TO RE LOCATED. 
ASSIGN 3970 TO K 
I = N 
IFCDN<N•4l.GT.l.5l GO TO 3710 
we = 1.02 
GO TO 3720 

3710 WC = CLENCFRNO i'vi Ci'!l,F RTOLCN)d, O,FRTYP(N)) 
C LOCATING ROUTI NE. 3720 TO 3950 

3720 S = SIG NCl.,DNCI,lll 
C S - I S P 0 S I T I V E F 0 R A R I G H T- P ::)I NT I N G N 0 T E • 



c 

IS = IFIXCS+.5l 
T = .375/SCALE 
D = FLOATCIFIXCCDNCI•2l + .40/SCALEl/TJ+ll * T 

D IS THE 1ST POSSIBLE LEVEL 
P = ABSCDNCJ,lll - S*CD-DNCI,2ll 

C P IS THE PROPOSED CROOK POINT X LOCATION. 
Q = . . p - S*CWC/SCALE + SlNl 

C Q IS THE CORRESPONDING X LOC OF THE END OF THE WRITING. 
XL = AMINl(P,Ql 
XR = AMAXl(P,Ql 

3750 NL = 1 
DO 3770 J=l•NPLANE 
IFCPOSITCJJ.GT.XLJ GO TO 3760 
NL = NL + 1 
GO TO 3770 

3760 NR = J 
IFCPOSITCJJ.GT.XRl GO TO 3780 

3770 CONTINUE 
NR = NPLPl 

3780 DO 3850 L=l•2 . 
DO 3800 J=NL,NR 
IFCD-ABCCL,Jl.LT •• 35/SCALEJ GO TO 3850 

3800 CONTINUE 
C SUCCEED AT THIS LEVEL 

GO TO 3900 
3850 CONTINUE 

C FAIL AT THIS LEVEL. TRY THE NEXT ONE OUT 
P = P-T*S 
XL = XL - T*S 
XR = XR - T*S 
D = D + T 
GO TO 3750 

3900 DO 3910 J=NL,NR 
3910 ABC(L,Jl = D 

DNCit3l = D*FLOAT(l-2*(L-1Jl 
GO TO K (3970,39991 

3970 IFCDNCN2l•4l.EO.O.O .OR. DNCN21•ll.GT.O.Ol GO TO 3999 
IFCDNCN2I•4l.GT.l.5l GO TO 3980 
we = 1.02 
GO TO 3990 

3980 WC = CLENCFRNOMCN2IJ,FRTOLCN2Il•l•O•FRTYPCN2IIl 
3990 I = N2I 

ASSIGN 3999 TO K 
GO TO 3720 

3999 CONTINUE 
c 
C MERGE THE INNER AND OUTER LEVELS. 4000 TO 4099 
c 

SlM = .375 

84 

C SlM IS THE DISTANCE BETWEEN LEVELS OF DIMENSIONING CIN INCHES). 
S2M = .40/SCALE 

C S2M IS THE MIN. ALLOWABLE APPROACH OF DIMENSION LINES TO 
C PART OUTLINE IN DATA UNITS. 
C COUNT THE NUMBER OF LEVELS OF DIMENSIONING REQUIRED. 

NLEVC ll = 0 
NLEVC2l = 0 
DO 4020 I = l•NPLPl 
DO 4010 L=l•2 



85 

4010 NLEVCL) = MAXOCNLEVCLltKCFCLtll+IFIXCCABCCLtil+S2Ml*SCALE/S1Mll 
4020 CONTINUE 

NPW = IFIXCPWIDTH/SlMl 
IFCNLEVCll + NLEVC2l + 2 .LE. NPWl GO TO 4050 

-P -= S1M * FLOATCNLEV(ll+NLEVC2l+2-NPWl 
WRITEC6t4030l P 

4030 FOR MA TC30HO PAPER WIDTH IS TOO NARROW BY,F6·1,8H INCHES.) 
GO TO 9000 

4050 IFCNLEVCil.LT.CNP W-Il/2) GO TO 4060 
YAXIS = SIM * FLOATCNPW-NLEV(ll-ll 
GO TO 4099 

4060 IFCNLEV(2l.LT.CNPW-ll/2 J GO TO 4070 
YAXIS = SlM * FLOATCNLEVC2l+ll 
GO TO 4099 

-- ---4070 YAXIS = P1,-JIDTH * .5 
4099 CONTINUE 

c 
C DRAW THE OUTLINE OF THE SHAFT 5001 TO 5999 
c 

5000 IFCPLTOl GO TO 5002 
WRITE (6,5001) 

5001 FCR MATC49HO A PLOT IS NOT BEING PRODUCED NO PLOT.///) 
GO TO 9000 

C PLTSW IS TURNED TRUE ONLY IF THERE IS SOME PLOTTING DONE. 
5002 IFC.NOT.PLTS W) CALL IDPLOT 

PLTSW = .TRUE. 
--CA-LL PLTIN(l./SCALEt 1•/SCALEt -10. 

1-10. /SCALEt POSIT!NPLANEl+lO• 
2CPWIDTr.-YAXISl/SCALEl 

CALL FOR r•1A T 
DEV = .01 
WLY(ll = DNO MC2l*•5 

· cALL ·PLTlNlo.o,wLYCil,o.o,-wLY<l> l 
DO 5999 1=2tNPLANE 

c 
C SET UP DRAWING SECTION 5100 TO 5499 
c 

X4 = PLC!l 
X5 = PR!Il 
IF(FRNO~ <Il. N E.O.O) GO TO 5140 
IFCTANG(Ill 5145t5140t5120 

_ /SCALE' -YAXIS/SCALE, 
/SCALE, -YAXIS/SCALE, 

C CHA MFER SECTIO N TO THE LEFT OF PLANE I 5120 
5120 IFCI.LT.NPLA NEl GO TO 5125 

WRITE < 6 '51? 2 l 

. ., 

5122 FOR MA TC53H1 THE LAST PLANE CANNOT HAVE A POSITIVE TAPER ANGLE.l 
GO TO 99990 

5125 Y4 = DNOMCil*.5 
Y8 = DN0 1'-1(I+1l*•5 
Y5 = DNOM ( I+ 1 l *. 5 
GO TO 5135 

5130 Y4 = DNOM ( I -1 l * • 5 
Y5 = DNO:v1Cil*•5 
Y8 = DNOM!Il*•5 

5135 Yl = o.o 
Y3 = o.o 
Y6 = o.o 
X7 = POSIT (I l 
XB = POSIT( I l 



MFER = 0 
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c MFER IS USED TO DETECT A RIGHT CHAMFER FROM ITS SHOULDER PLANE. 
GO TO 5500 

5140 IFCMFERI 5130,5150,5130 
5145 MFER = 1 
5150 IFCTANGCI-ll.LT.O.OI GO TO 5250 

C NO LEFT TAPER 
Y1 = 0.0 
Y4 = DNOM!Il*e5 
IFCDNOM(IJ.GT.DNOMCI-11 l GO TO 5190 

C LEFT HAND FILLET 
X2 = POSIT( 1-U 
Y3 = DNOM!Il*•5 + FRNOM(I-ll 
IFCDNOMCI-1l-DNOMCil.GT.FRNOMCI-ll*2•l GO TO 5200 

C LEFT HAND FILLET WILL BE LESS THAN 90 DEGe ARC 
Y2 = DNOM(I-1>*•5 
GO TO 5290 

C NO LEFT FILLET 5190 
5190 Y3 = 0.0 

GO TO 5300 
C FULL 90 DEG. LEFT FILLET 5200 

5200 X3 = X4 
Y2 = Y3 
GO TO 5300 

C LEFT HAND TAPER 5250 
5250 Y1 = DNOMCI-11~.5 

Xl = POSITCI-U 
Y2 = DNOM!Il*•5 + FRNO~(I-11*(1.-COSCTANGCJ-1))) 
X2 = Xl- CY1-Y2l/TANCTANG!l-1)) 
Y3 = DNOM!Il*•5 + FRNOMCI-ll 
Y4 = DNOMCil*·S"· 

5290 X3 = X4 
5300 X8 = POSITCIJ 

Y 5 = DNm~ C I l * • 5 
IFCTANG!Il.GT.O.OI GO TO 5400 

C NO RIGHT HAND TAPER 
X 7 = POSIT C I ) 
IFCI.EQ.NPLANEl GO TO 5340 
IFCDNOM(I).LT.DNOMCI+1l l GO TO 5350 

C NO RIGHT HAND FILLET 
5340 Y6 = 0.0 

Y8 = DNOMCI>*e5 
X 5 = POSIT ( I ) 
GO TO 5500 

C RIGHT HAND FILLET 5350 
5350 Y6 = DNOMCII*•5 + FRNOM(l) 

Y8 = DNOMCI+1l*•5 
IFCDNOM(I+li-DNO MCi l.GE.FRNOMCil*2•) GO TO 5370 

C RIGHT HAND FILLET WILL BE LESS THAN 90 DEG. ARC 
Y7 = DNOMCI+l>*•5 
GO TO 5450 

C RIGHT FILLET ARC IS FULL 90 DEG. 
5370 X6 = X5 

Y7 = Y6 
GO TO 5500 

C RIGHT HAND TAPER 5400 
5400 ~8 = DNOMCI+ll*e5 

Y7 = DNOMCil*e5 + FRNOMCil*Cl.-COSCTANGCIJl) 



Y6 = DNOM(l)*.5 + FRNOM(I) 
X7 = X8- (Y8-Y7l/TAN(TANG(I)) 87 

5450 X6 = X5 
5500 CONTINUE 
5600 IFIY1.GT.O.OlCALL PLTLN(X1tY1tX2tY2l 

IF(Y3.GT.O.Ol CALL PLTARC(X2tY2tX4tY4tX3tY3,DEV) 
!F(X5.GT.X4l CALL PLTLN(X4tY4,X5tY5) 
IF(Y6.GT.O.Ol CALL PLTARC(X5tY5tX7tY7tX6tY6•DEV) 
IF(X8.GT.X7l CALL PLTLN(X7tY7tX8tY8) 
CALL PLTLN(Xg,yg,xs,-YS) 
IF(X8.GT.X7) CALL PLTLN(X8t-Y8tX7,-Y7) 
IF(Y6eGT.Je0l CALL PLTARC(X7t-Y7,X5•-Y5tX6t-Y6,DEVl 
JF(X5.GT.X4l CALL PLTLN(X5,-Y5,X4,-Y4) 
IF(Y3.GT.O.Ol CALL PLTARC(X4t-Y4tX2t-Y2tX3t-Y3tDEV) 
IF(Y1.GT.O.Ol CALL PLTLN(X2t-Y2,X1,-Y1) 

C YS IS RECORDED IN WLY TO USE IN PLOTTING VERTICAL WITNESS LINES. 
WLY(I) = Y8 

5999 CONTINUE 
c 
C PLOT THE ANGULAR DI~ENSIONS 6000 TO 6099 
c 

S1P = S1M/SCALE 
C S1P IS THE DISTANCE BETWEEN LEVELS OF DIMENSIONING IN DATA UNITS. 

DO 6099 N=2tNPLANE 
JF(YACL(Nl.EO.O.Ol GO TO 6099 

C ANGLE TO BE PLOTTED FOR PLANE N 
CALL ANGPLT(TANG(NJ,POSIT(Nl,YACL(N)) 

6099 CONTINUE 
c 
C PLOT VERTICAL WITNESS LINES 6100 TO 6199 
c 

DO 6199 L=1t2 
Y = FLOAT(NLEV(L)+ll*SlP 

C Y IS THE DATA UNITS DISTANCE TO THE BASE LINE (L=1 FOR ABOVE.) 
S = FLOAT(1-2*(L-1)) 

C S IS POSITIVE WHEN ABOVE, NEGATIVE WHEN BELOW. 
DO 6180 I=1tNPLANE 
JF(.NOT.LABILtill GO TO 6180 
DO 6150 K=2•16t2 
IFIWL(L,Ktil.EO.O.Ol GO TO 6170 
CALL PLTLN(POSJT(I)t1Y-WL(L,K-1•Ill*S•POSJT(I),(Y-WL(L,Ktl) l*S) 

6150 CONTINUE 
~ = 18 

C PLOT THE SEGMtNT OF THE WITNESS LINE CLOSEST TO THE SHAFT. 

c 

6170 CALL PLTLN(POSIT(Jl,(Y-WL(L,K-1tlll*StPOSIT(J),(WLY(I)+S2Ll*S) 
6180 CONTINUE 
6199 CONTINUE 

C PLOT HORIZONTAL WITNESS LINES 6200 TO 6299 
c 

c 
c 
c 

DO 6290 I=1t30 
I~(WLH(I,1l.EQ.O.Ol GO TO 6299 
CALL PLTLN(WLH(lt2lt-WLH(!,JltWLH(It3l,-WLH(I,1)) 

6290 CALL PLTLN(WLH(I,2ltWLH(l•1ltWLH(l,3ltWLH(!t1l) 
6299 CONTINUE · · 

PLOT THE LENGTH DIMENSIONS 6300 TO 6499 



88 
DO 6499 L=l'2 

PLOT THE LOCATING DIMENSIONS IL=ll BEFORE THE REFERE NCE DI MENSIONS. 
J = L-1 
DO 6490 I=2, NPLA NE 

. IF(L.EQ. 2 1 GO TO 6310 
IF(RTOLIIJ.LT.I-10.11 GO TO 6490 
IR = IREFIIJ 
A= ABS( RN OMIIII 
ATOL = RTOLIII 
GO TO 632 0 

C TEST FOR LACK OF REFERE NCE DI ~ E N SIONe 
6310 IF(IREFQIIJ.EQ.II GO TO 6490 

IR = IREFOI I I 
A= ABSIPOSITCII - POSITIIRII 
ATOL = -4.0 

6320 NL = M I N OII R ~II 
N R = r-1 A X 0 I I R , I I 
IF<IH(J,Lil 6330,6330,6340 

C {H IS NEGATIVE FOR DI MENSI ON S PLOTTED BELOW THE SHAFT. 
··o""330 Y = FLOATI NLEVI2 l+l+IHI hLI l * (-SlPl 

c 

GO TO 635 0 
6340 Y = FLOATI NLEVIll+l-lH(I,LI l * SlP 
6350 IFILC ODE II, L l.GT.ll GO TO 6380 

INTER NA L A RRO~S AND WRITI NG• 
CALL ARROWIP OSITI NL),Y,OI 
XS = POSITINLl + IPOSITI NRl-POSITI NLl-CLE NIA,ATOL,O,J,.FAL SE .l 

. __ . __ __ 1/SCALEJ -J:-.5 
CALL PLTPTIP OSITI NLl,Y) 
CALL PLTL NIP OSITI NL),y, xs ,Yl 
CALL ALLPLTIXS,Y, A,ATOL, Q,J,.F ALSE.,XFl 
CALL PLTL NIXF,Y,POSITI NR J,Yl 
CALL AR RO~ IP OSITI NR ),Y,4l 

· GO TO 6490 
6380 IFILC ODE (I,LI-31 640 0 ,64 20,646 0 

C INTER NA L WRITI NG AND EXTE RNA L ARROWS. 6400 
6400 CALL PLTL NIP OSITI NLl-S3L,Y,POSITI NLl,Y) 

CALL ARROWIP OSITI NL),Y,4l 
CALL AL LPLTIPOSITI NLl+IPOS ITI NR l-P OSITI NLl-CLE NIA,ATOL,O,J,.F ALSE. 

ll/SCALEI * . 5 ' Y, A, ATOL, Q,J,.FALSE.,XFl 
CALL AR R OW IP OSITI ~R ),y, Q ) 

CALL PLTL NIP OSITI NR ),y,po SITI NR I+S3L,YJ 
GO TO 649 0 

C INT ERN AL ARROW , AND EXTER NA L WRITING. 6420 

c 

c 

6420 CALL ARROW IP OSITI NL),y, Q) 
CALL ARRO WIP OSITI NRl,Y,41 
IF(LOH(I,LI.LT. OJ GO TO 6440 

WRITI NG IS ON THE RIGHT HA ND 
CALL PLTL NIP OSITI NL),y,p QS ITI NR l+ S lL,Y) 
CALL ALLPLTIPOSITI NRl+SlL'Y' A' ATOL, Q,J,.F ALSE.,XFl 
GO TO 649 0 

WRITI NG IS ON THE LEFT HAND· 6440 
6440 CALL ALLPLTIPOSITI NLl-S1L-CLE NIA,ATOL'O'J,.FALSE.J/SCALE'Y'A' ATOL' 

IO,J,.FAL SE., XFl 
CALL PLT LN IXF,Y,P OSITI NR l ,y) 
GO TO 64 90 

C EXTE RNA L ARROWS AND WR ITI NG• 646 0 
6460 CALL PLTL NIP OS ITI NLI- S?L,Y,POS ITI NLl,Y) 

CALL AR ROW IP OS ITI NL),Y,4l 



c 

CALL ARROWCPOSITCNR),y,ol 
CALL PLTLNCPOSITCNRl+S2L,Y,POSITCNRl ,Y) 
IFCLOHCI,Ll.LT.Ol GO TO 6480 

RIGHT HAND ~RITING 
CAtL ALLPLTCPOSITCNRl+S2L'Y'A'ATOL,o,J,.FALSE.,XFl 
GO TO · 6490 

C LEFT HAND WRITING. 6480 

89 

6480 CALL ALLPLTCPOSITCNLl-S2L-CLEN(A,ATOL'O'J,.FALSE.)/SCALE,Y,A,ATOL, 
10,J,.FALSE.,XFl 

6490 CONTINUE 
6499 CONTINUE 

c 
C PLOT DIAMETRAL DIMENSIONS. 6500 TO 6599 
c 

DO 6599 I=2,NPLANE 
IFCDL( I,2J 16510,6599,6520 

C DIMENSION WRITTEN BELOW. 6510 
6510 Y = CFLOATCNLEVC2l+ll+DL(I,2ll*(-S!Pl 

s = • 5 
GO TO 6530 

C DIMENSION WRITTEN ABOVE. 6520 
6520 Y = (FLOATCNLEVCll+ll-DL(I,2ll *SIP 

s = -.5 
6530 CALL ARROWCDLCI,lJ,DNOMCil*.5'6l 

CALL ARROWCDL(I,ll,-DNOM(Il*•5,2l 
CALL PLTLNCDLCI,ll,DNOMCil*S,DL(I,ll,Y) 
IFCDL(I,3l.GT.O.Ol GO TO 6570 

C LEFT HAND WRITING. 
XS = DLCI,ll - S2D- CLENCDNOMCil ,DTOLCI),2,0,DTYPCill/SCALE 
CALL ALLPLTCXS,Y,DNO M( I l ,DTOL( J l ,2,0,DTYPC I l ,XF) 
CALL PL TPT C XF, Yl 
CALL PLTLi'>J(XF,Y,DLCidl ,Y) 
GO TO 6599 

C RIGHT HAND WRITI NG. 6570 
6570 XS = DL(J,ll + S2D 

CALL PLTLNCDLCI,l),y,xs,Y) 
CALL ALLPLT ( xs,y ,DNO M (I l ,DTOL (I l '2 ,o ,DTYP (I l ,xF l 

6599 CONTINUE 
c 
C PLOT NOTES WITH LEADERS 6600 TO 6699 
c 

DO 6699 I=2,NPLANE 
IFCDN(I,4l.EO.O.Ol GO TO 6699 
Sl = SIGNCl.,DN(I,ll l 

C S1 IS POSITIVE FOR A RIGHT POINTING LEADER. 
S2 = SIGNCl.,D~(I,3ll 

C S2 IS POSITIVE FOR DIMENSION PLACED ABOVE. 
J = IFIXC4.5 - S2*C2.-Sll l 

C J IS THE CODE FOR ARROW DIRECTION (1 = 5W, 3 = SE, 5 = NE, 7 = NWl. 
X5 = DN(J,ll *51 
Y S = DN C I , 2 l * 52 
CALL ARROWCX5,YS,Jl 
XF = X5- Sl*CDNCI,3l*52- DN(I,2)) 
CALL PLTLNCXS,YS,XF,DN(J,3ll 
XD = XF - Sl N*51 
CALL PLTL NCXF,D N(I,3l,X[),DN(I,3ll 
IFCD NCI,4l.LT.l.5l GO TO 6660 

C THE PRESE NT NOTE IS A FILLET RADIUS. 

L 



IFCSI.GT. O.Ol XD = XD..:.CLE NCFRNOM(IJ,FRTOLCIJd,Q,FRTYP(IJl/SCALE 
CALL ALLPLTIXD,D N(I,3l,F RN OMCIJ,FRTOL(Il,l,O,FRTYP(I),XFJ 90 
GO TO 6699 

C THE PRESE NT NOTE IS A CHA MFER. 6660 
6660 CALL UNITTOIXD,D NII,3J,X,YI. 

IFISI.GT. O.OJ GO TO 66 80 
C THIS IS A RIGHT CHA MFERIA LEFT POINTING LEADER). 

WIDTH= POSITCI+ll - POSITCil 
GO TO 669 0 

C THIS IS A LEFT CHA MFERIA RIGHT POI NTING LEADER!. 6680 
6680 X = X - 1.02 

WIDTH= POSITCIJ- POSITCI-ll 
6690 CALL CHPLTCX,Y,.7854, 1:J!DTHJ . 
6699 CO NTI NUE 

C END PLOT, MOVING PEN 20 INCHES PAST RIGHT END OF SHAFT. 
8000 CALL PLOTIPOSITINPLA NEI*SCALE + 20. ,o.o,-3) 

WRITE C6,~W05l 

8005 FOR MATI32HO A PLOT IS BEI NG PRODUCED.////) 
900Q CONTI NUE 

GO TO 99995 
99990 WRITE (6,999911 
99991 FOR MATI61HO A FATAL ERROR HAS BEEN COM MITTED AND T~E PROGRAM ABHO 

!RTED.J 
99995 WRITE 16,999961 
99996 FOR MATI1 09HO I POSIT DNOM DTOL !REF RNOM RT 

!OL FRNO M FRTOL TA NG IREFQ DTYP FRTYP /) 
DO 99997 I=2,NPLA NE 

9 9 9 9 7 W R I T E ( 6 ' 9 9 9 9 8 I I ' P 0 S I T I I l ' D N m-" C I l ' D T 0 L( I l ' I R E F I I l , R N Of"i I I I , R T 0 L I I l , 
1 FRNOMI I l 'F RTOLI I I ,TANG( I I d REFQ( I I , DTYPC I I , FRTYP( I l 

99998 FO RM AT CX,I3,3F1 0 .4, 3X,I2,4F10. 4 ,F7.2'4X,r2,215X,L3l/J 
99999 CONTI NUE 

IFCLAST.E Q.1l GO TO 1 
C WRITE 999 TO END ALL PLOTTI NG IIF THERE HAS BEEN ANY PLOTTI NG). 

IFCPLTSWI CALL PLOT< o . o ,o. 0 ,9991 
STOP 
END 

CD TOT 1482 



$IBFTC CLEN 91 
FUNCTION CLENCANOM,ATOL,I,J,TYPl 

C CALCULATES THE LENGTHCIN INCHES) OF THE WRITINGCS1ZE 2 = •12I N.HIGHl 
C THIS FUNCTION I~ THE COMPANION TO SUBROUTI NE ALLPLT 
C I IS THE TYPE CODE -- 0 FOR LENGTH, 1 FOR RADiUS, 2 FOR DIAMETER . 
C J IS ONE FOR REFERENCE DIME~SIONS, ZERO OTHERWISE. 
C ATOL MUST NOT BE -99. 
C TYP IS TRUE IF THIS IS A TYPICAL DIMENSION. 

LOGICAL TYP 
DO 10 L=1,3 
LMl = L-1 
IFCANOM.LT.lO.**LMll GO TO 20 

10 CONTINUE 
LMl = 3 

C ANOM MUST BE LESS THAN 1000 
20 K = 9 + 7*LM1 

IFCI.EQ.ll GO TO 60 
IF<ATOL.LT.O.Ol GO TO 30 
K = K + 69 

. GO TO 40 
C CODE FOR NUMBER OF DECIMAL PLACES 30 

30 K = K + 7*IFIXC.5-ATOLl 
40 IF<J.EQ.ll GO TO 90 

IFCI.NE.2l GO TO 100 
K = K + 32 
GO TO 80 

60 IFCATOLeGT.O.Ol GO TO 70 
K = K + 7*IFIXC.5-ATOLl + 8 
GO TO 80 

70 K = K + 63 
IFCANOM-ATOL.LT.lE-3l K=K+3 

80 IFC.NOT.TYPl GO TO 100 
90 K = K + 32 

100 CLEN = . 02*FLOAT(Kl 
RETURN 
END 

CD TOT 0036 



$IBFTC ALLPLT 
SUB ROUTI NE ALLPLT(X,Y,ABOM ,ATOL'I'J~TYp,XFl 

PLOTS THE DI MENSIO N WRITI NG 92 c 
c 
c 
c 
c 

THIS IS THE CO MPAN IO N TO FU NCTIO N CLEN AND CODES ARE THE SA ME. 

c 
c 
c 
c 

I IS THE TYPE CODE -- 0 FOR LE NGTH, 1 FOR RADIUS, 2 FOR DIAMETER. 
~ IS "ONE FOR RE F~ R E NCE DI MEN SIONS, ZERO OTHER WISE. 
ATOL MUST NOT BE -99. 
TYP IS TRUE IF THIS IS A TYPiCAL DI MENSIO N. 
X AND Y GIVE THE LEFT HAND POINT AT NID-LETTER HEIGHT, IN DATA UNITS 

WHERE WRITI NG BEGI NS. 
XFCOUTP UT) GIVES THE RIGHT HAND END OF THE WRITING. 

DI ~~ E N SION AC2l 
DATA PM/0776060606060/ 
LOGICAL TYP 
CALL UNITTOCx,y,xs,yS) 
YS = YS - .06 
xs = xs + .os 
ANOM = AB0 fv1 
!FCANOM-AT OL.LT. 1E-3·) ANOM = 2.*ANOM 
IFCA NOM.LT.1.0l GO TO 100 

--c -- wRITE ·THE ·NUMB ERS TO THE LEFT OF THE DEC I M.t\L IN -ANO M ( L T -1000 l 
DO 25 L=1,3 
IFCANOM.LT.l O.**Ll GO TO 50 

25 CO NTI NUE 
C IF ANOM .GE.10 00 IT IS SET EQUAL TO 0.0 AND WRITTEN AS SUCH 

ANm-1 = o. 0 
50 CALL 0CON VF<A NOM, A,l2,5-Ll 

CALL LETTER(L,2, 0 ,xs~ys, A <2l l 
XS = XS + .1 4*FLOATCL) 

C SEPA RA TE THE RADI USES FOR WHICH ON LY 3< MAXI MUMl DECI MAL PLACES ARE 
C WRITTEN 1 0 0 

100 IF<I. NE.1l GO TO 200 
IFCATOL.LT. O.Ol GO TO 110 
L = 3 
GO TO 12 0 

C ATOL GIV ES CO DE FOR NUMB ER OF DECI MA L PLAC ES. 110 
110 L = IFIXC. 5- ATOLl 
120 TE MP = ANOM + .5* 10 . ** (-L) 

CALL OCONVFCT EM P, A,12,5l 
CALL LETTERCL+l, 2 , o , xs,ys,A<2l l 
XS = XS + .1 0 + .14*FL OAT~Ll 
IFCATOL.LT. O.Ol GO TO 190 
IFCA BOM- ATOL. GT.lE-3l GO TO 13 0 
CALL LETTER< 4 '2'0,XS,YS,4H MAXl 
XS = XS + .64 
GO TO 190 

130 CALL LETTE R(l,2,0,XS,YS,p MJ 
TE MP = AT OL + .0005 
CALL OCm1VF<TE i'v1 P,Ad2,5l 
CALL LETTE R(4,2, Q,X S+.16,YS,A(2l l 
xs = xs + .7 0 

190 CALL LETTE RC1, 2 ,0,X S ,Y S ,1HRl 
xs = xs + ·16 
GO TO 35 0 

C DIA METE RS AND LENG THS WITH UP TO 4 DECI MAL PLACES. 200 
200 IFC ATOL. LT. O. Ol GO To 21 0 

L = 4 
GO TO 22 0 

__ 210 L = IFIXC. 5- ATOLl 



220 TEMP = ANO M + .5*10. ** (-L) 
CALL OCONVFCTE MP,A,12,5J 
CALL LETTERCL+1'2'o,xs,ys,AC2ll 
XS = XS + .10 + .14*FLOATCLl 
IFCATOL.LT.O. Ol GO TO 300 
CALL LETTERC1t2,o,xs,ys,PM~ 
TEMP = ATOL + .0 0005 
CALL OCONVFCTE~P,At12,5l 
CALL LETTERC5'2'0,XS+.I6',YS,A(2l l 
xs = xs + .84 

300 IF<I.NE.2l GO TO 375 
CALL LETTERC4,2,o,xs,ys,4H DIAl 
xs = xs + .64 

350 IF<.NOT.TYPl GO TO 400 
CALL LETTERC4t2tO,XS,YS,4H TYPl 
xs = xs + .64 
GO TO 400 

375 IFCJ.EO.Ol GO TO 400 
CALL LETTERC4,2,0tXS,YS,4H REFl 
xs = xs + .64 . 

400 CALL INCHTOCXS,yS,XF,DU MMYl 
RETURN 
END 

CD TOT 0082 

93 



$IBFTC SKIP 

c 
SUBROUTI NE SKIP<JAB'I; K,G APl 

PROVIDES SKIP S I N WITNESS LINES RECORDED IN WL 
COMM ON SCALE,DUMMY(3), WL(2,17,5 0 l 
DO 10 L = 2 d 6, 2 
IFCWL(J AB 'L ,rl.EO.O.Ol GO .TO 50 

10 CONTI NUE 
WRITE(6,2 0 l JAB•I 

94 

20 FOR MAT(43 Hl WL DI MENSIO N IS NO T SUFFICIE NT FOR JA B =,I3,5H, I =, 
1 I 3 l 

RETURN 
50 WLCJA B,L,Il = <.375*FLO AT<Kl - GAP)/SCAL E 

WL<JAB,L+l'I l=<.375*FLOAT(Kl + GAPl/SCALE 
RETU RN 
END 

CD TOT 0015 



$!BFTC ANGPLT 
SUBROUTINE ANGPLT<TANG,X,Yl 

C PLOTS DIMENSIO N LINES, WITNESS LINES, AND NUMBERS FOR ANGLEs95 
COMMON /BLAST/ DEV 
Sl = TANG/ABS<TANGl 
52 ' = Y/ABS<Yl 
CALL UNITTO <x,y,xc,YCl 
AX = COS(TANGl*Sl 
AY ~ Sl*SINITANGl*S2 
CALL PLOT<XC+.l*AX,YC+.1~AY,3l 

CALL PLOTIXC+.87*AX,YC+.87*AY,2l 
IF<Sl*TANG.LT •• 79l GO TO 10 

C INTERNAL ARROWS 
S3 = 1.0 
BX = COSITANG*.5l*S1*.75+XC 
BY = Sl*SINITANG*e5l*S2*•75 + YC 
CY = BY - .12*52 
DY = BY - .05*52 
CX = SQRTI.5625- ICY-YCl**2l*S1 +XC 
OX = SQRTI.5625 - IDY-YCl**2l*S1 +XC 
IF<Sl*S2l 50,50,60 

C EXTERNAL ARROWS 10 
10 53 = -1.0 

BX = COSITANG + Sl*e3l*S1*.75 + XC 
BY = S1*SINITANG + S1*e3l*S2*.75 + YC 
ex = .92106*51*.75 + xc 
CY = -.38942*52*.75 + YC 
IF<Sl*TANG.LT •• 35l GO TO 20 

C INTERNAL NU MBERS 
DX = COSITANG*.Sl*S1*.75 + XC 
DY = S1*SINITANG*e5l*S2*·75 + YC 
GO TO 30 

C EXTERNAL NU MB ERS 20 
20 DX = BX 

DY = BY + 52*.07 
30 IF<S1*S2l 60,60,50 

C ARGUMENTS FOR ARC ARE ORDERED TO MAINTAIN COUNTER-CLOCKWISE DRAWING 
50 CALL ARCIXC+.75* AX,YC+.75 * AY, BX , BY,XC,YC,DEVl 

CALL ARCICX,cY,XC+.75*SI,YC,xC,YC,DEVl 
GO TO 70 

60 CALL ARCIBX, BY,XC+.75*AX,YC+.75*AY,XC,y(,DEVl 
CALL ARC<XC+.75*S1,YC,CX,CY,XC,YC,DEVl 

70 CALL ARRO WA<XC+.75*S1,YC,3.1416-S2*S3*(1.570 B-Sl*·l2ll 
CALL ARRO WA(XC+.75 *A X,YC+e7S*AY,J.l416+S2*(TANG+S3*(1.5708-Sl* 

1 .12))) 
CALL CHPLT<DX-51 * .06-.24' DY-S2*.01,A8S(TANGJ,O.Ol 
RETURN 
END 

CD TOT 0048 



$IBFTC CHPLT 96 
SUBROUTINE CHPLT(X,Y,ANG,WIDTHI 

C PLOTS THE LETTERS FOR AN ANGLE IF WIDTH .EO~ 0 AND THOSE FOR A 
C CHAMFER NOTE OTHERWISE. ARGUMENTS IN PLOTTER UNITS INDICATE LEFT 
C MID-POINT OF 1ST WORD. ANGLE GIVEN IN RADIANS. 

DirviEN:SION Cl21 
XS = X + .08 
YS = Y - .06 
IFIWIDTH.EO.O.Ol GO TO 10 
TEMP= ~~IDTH 

CALL OCONVFITEMP,c,9,21 
CALL LETTER(3,z,o,xs,ys,cl211 
CALL LETTERI1'2'0,XS+.38,YS,lHXI 
xs = xs + .54 

10 A = ANG*57.29578 + .5 
CALL OCONVFIA,C,l2,31 
CALL LETTERI2'2'0,XS,YS,CI21 l 
CALL LETTERil,l,O,XS+.28,YS+.06,1HOl 
RETURN 
END 

CD TJT 0020 



$18FTC ARROWA 
SUBROUTINE ARROWACX,YiAJ 97 

c· 
c 

PLOTS AN ARROW HEAD POINTING IN DIRECTION At WITH ITS POINT AT x,y 
x,y - IN PLOTTE~ UNITS A - RADIANS IN USUAL SE NSE 

Xl = ·15*COSIA+.l 6522 44) + X 
X2 = el5*COS IA-.1652244J + X 
Y2 = el5* SINIA-.1652244J + Y 
Yl = el5*SINIA+.l652244J + Y 
CALL ARRAIXltYltX2,Y2tX,Yl 
RETURN 
END 

CD TOT 0011 



$IBFTC ARROW 98 

c 
c 
c 
c 

c 

c 

c 

c 

SUBROUTINE ARRO WCX,Y,Il 
DRAWS ARRO W HEAD IN ONE OF EIGHT DIRECTIONS, ACCORDING TO I, WITH 
ITS TIP AT POINT x,v. 
x,y, IN DATA UNITS. I=O GIVES A LEFT-POINTING ARRO W, 1 A SOUTHWEST, 
2 A DOWNPOINTI NG,3 A SOUTHEAST-POINTING, ETC. 

CALL UNITTocx,y,xp,ypl 
IFCMOD< 1,2) l 10,!0,30 

10 IFCMODCI,4l.EQ.2l GO TO 20 
I=ZERO OR FOUR 

X1 = XP + .07398*FLOAT<2-Il 
Yl = YP + .0 2465 
Y2 = YP - .02465 
CALL ARRACX1,Y1,Xl,Y2,XP,YPl 
RETURN 

I=TWO OR SIX 20 
20 Yl = YP + .07398*FLOATC4-Il 

X1 = XP + .02465 
X2 = XP - .02465 

·CALL ARRACX1,Y1,X2,Y1,XP,YPl 
RETURN 

I IS ODD 
30 c = .15 

30 

IF<I.GT.4l C=-.15 
C IS POSITIVE FOR I = 1 OR 3 

Y1 = YP + C*.81378 
Y2 = YP + C*.58118 
IFC~OD<I+l,4l.EQ .Ol C=-C 

C C IS POSITIVE FOR I = 1 OR 7 
X1 = XP + C*.58118 
X2 = XP + C*e81378 
CALL ARRA<X1,Y1,X2,Y2,XP,YPl 
RETURN 
END 

CD TOT - 0034 



$l8FTC AR.RA 
SUBROUTI NE ARRA(Xl,Yl,X2,Y2,XP,YPl 
CALL PLOT(XP,JP,3l 
CALL PLOT!Xl,Yl,2l 
CALL PLOT!XP,YP,3} 
CALL PLOT!X2,Y2,2l 
CALL PLOT!Xl,Yl,2} 
RETURN 
END 

CD TOT 

99 

0009 



$I BFTC FORr-'l AT 
SUBROUTINE FOR MAT 
CO MMON SCALEtP WIDTH,S N( 2J 
CALL PLOT<1.625,2.625,3J 
CALL PLOT(2.625,2.625t2l 
CALL PLOT(2.625t7e625t2} 
CALL PLOTC1.625,7.625t2) 
CALL PLOT(l.625t2. 625 t2} 
CALL PLOT(2.125,2.625,3) 
CALL PLOT(2.125,5.625t2) 
CALL PLOTC1.625,5.625,3) 
CALL PLOT(2.625,5.750,2l 
CALL PLOT(l.625t5e75 0 ,2} 
CALL PLOT(2.625,5.625,2) 
CALL PLOTC1.625,5.625t2l 
CALL PLOT(2.125,5.750,3) 
CALL PLOT(2.125,7.625,2) 
CALL OCO NVFCSCALE,SC,6,3l 
CALL LETTER<l0,4,90,z. o ,3.0,10HSHAFT NAME) 
CALL LETTER< 5t4,9 0 ,z.0,6.125,5HSCALEl 
~ALL LETTER(12'4'90,z.s,3.0,S Nl 
CALL LETTER< 6,4,9 0 ,z.s,6.125tSCl 
RETURN 
END 

CD TOT 0024 

,...~ C:TCD 111\11\/CD~ITV I IRRAR'I 
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$I BFTC PARC.J 1'1 
SUBROUTI NE PLTARC (Xl,Yl,X2,Y2,XC,YC,DEVl 

C MODIFICATION OF PLTA RC TO -ALLOW FOR A CENTER PT OFF THE PAGE 
COMMON SCALE,YAXIS 
CALL UNITTO !Xl,Yl,XXl,YYll 
CALL UNITTO (X2,Y2,XX2,YY2l 
XXC = · XC*SCALE + 10. 
YYC = YC*SCALE + YAXIS 
CALL ARC (XX1,YYl,XX2,YY2,XXC,YYC,DEVl 
RETURN 
END 

CD TOT 0011 
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APPENDIX Ill 

SAMPLE SHAFTS-- INPUT AND OUTPUT 
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EXECUTI eN eF PRflGR.l\~ SHFTOW F0R SHAFT NU1-18ER 3q6143Rl 

SCALE = l.OCC 
PAPER Wt[TH F0R PL0T ~ 10.0 

THE 1NPUT CALLS FeR A Pl0T. 

*** DATA AS READ *** 

NUM .Al A2 lREF A3 A4 A5 A6 IREFQ A7. LAST 

l .... c.cooo -o.oooo c 0.0600 -2.0000 -o.oooo -o.oooo -o 45.0 * 
2 1.2880 o.ooso 3 -0.5800 -2.0000 -0.0000 -0.0000 -0 -c.o * 

0 3 '1. 3782 0.0002 0 2.1300 -2.0000 0.0250 o.ooso -o -o.o * 
\.).) 

4 1.7500 -2.0000 3 12.1240 o. oosc 0.0150 0.0150 -o -o.o * 
5 1.5150 -3.0000 7 -1.2700 -2.0000 -o.oooo 4.0000 -0 -o.o * 
6 -c.ocoo -o .ooo·o 7 -0.0600 -2.0000 -o.cooo -o.oooo -0 -45~0 * 
7 1. 3990 o.ooo,s 4 2.2200 -3.0000 0.0300 0.03CO -0 - ·0.0 * 
8 1.!1240 0. 0·002 4 3.4000 -3.0000 0.0100 0.0100 -o -o.o * 
9 o.sl:300 -3.0000 t3 0.1300 -2. 0000 -o.ocoo a.ooco -:0 45.0 * 

10 -o.cooo -c.ooco 11 -O.C600 -2.0000 -o.oooo -o.oooo -o -45.0 * . 
ll C.9500 -2.000'0 c l8.1t600 -2. 0000 -0.0000 -o.coao -o -o.o 2 

A Pl0T IS BEING PR~OUCEO. 

Cost= $2.56 
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- ----- - ·· ·- -·- - ----- -- -- - -- ---

EXECUTL0N 0F PR0GRAM SHFTDW F0R SHAFT NUMBER 389529Rl 

SCALE = 1.000 
PAP ER WIDTH FOR PLCT = 15.0 

iTHE I.NPUT CALLS F 0R A PUH. 

*** OAT~ AS READ *** 

NUM Al A2 IREF A3 A4 AS A6 IREFQ A7 LAST 

1 1. 5600 -3.0000 0 4.8300 -3.(1000 o.ooso 0.0050 -o .-o.o * 
2 1.2983 o.ooo1 0 7.7800 -3.oooo · -o.oooo -o.oooo -0 -o.o * 

21 -o.cooo -o.oooo 2 -0.1000 -2. 0 000 -o.oooo -o.oooo -o -45.0 * 
3 -o. ooo·o -o.oooo .C 0.0600 -3. {)0 00 -0.0000 -0.0000 · -0 45.0 * 
4 3.9320 0.0005 0 1.6500 -3.00 0'0 -o.oooo -0.0000 -0 -o.o * 
5 3.6430 -99.0000 4 .-0.1000 -2.00 00 -0.0000 -0.000 0 -o -45.0 * 

11 3.6430 -3.000 0 1 ..... 2.7500 -3.0000 0.0600 -2.0000 -o -o.o * 
12 -o.oooo -o.oooo 11 -0.1000 -2.COOO -0. 0000 -0.0000 -o -45.0 * 
13 1.7497 0.000 3 1 -1.7400 -3.0000 0.0010 ** -lfi **** -0 -30.0 * 
14 1. 6245 0.0005 1 -0.4500 -2. COOO -o.oooo ***i**** -0 -45.0 * 
15 1.3782 0.0002 1 0.6505 0. 0 025 0.005 0 0.0050 -o -o.o * 
16 1.2840 0.0040 l.S -0.1015 0. 0 035 -o.oooo **'***** -o -o.o * 
17 -o. oooo 15.0000 l 0 .. ;8000 -2.0000 0.1200 -2.0000 -0 -o.o 2 

j 

ERR0R CCNOITI0N AT 062374 FCRTRAN ERR0R 09 LGN0RED. RETURN T0 EXECUTI ON 

ERR0 R C0NDITL0N AT 062374 F0RTRAN ERR0R 09 IGN0RED. RETURN 10 8XECUTI0N _. 

A PL 0 T IS BEING PRCOUCEO. Cost= $2.78 
· 0 

V"l . 



~--------------------7.180--------------------~ 
+-------------". 8 3 0 ------------1 

1.650 +----- 2. 7 50 __ ___,..., 

1. 714 0 ···r-
1.560 DIA 

I 
.o&x•s• 1.2814h.OOIJO DIA 

I 
1.3782:t.0002 DIA TYP 

145~ .12 R 

.0110 HAXR 

.06R 

3.H20:t.0005 CIA 

3.H3 DIA 

1.HH:t.0003 DIA 

1.62115±.0005 DIA . 

·" 5 
.6505±.0025 ,.. .., 

389529Rl 

1.2983:t.0007 DIA 

.1015 :t.0035 

.10XIJ5 1 
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EXECUTI2N £F PRBGRAM SHFTOW F0R SHAFT NUMBER 3 q6 73 JR- 1--~---------

SCALE = 1.000 
PAPER WICTH F0R PL0T = 20.0 

THE I NP UT CALLS FeR A PL~T. 

*** DATA AS READ *** 

NUM A1· A2 I REf A3 A4 AS A6 IREFQ A7 LAST 

1 -o.cooo -c.oocc 0 1.5500 -1.0000 -o.ooco -o.oooo -0 20.0 * 
2 '•·0200 -3.0CCO c 1.5501 -80.0000 0.1000 -1.0000 3 -77.0 * 
3 3.2000 -2.01)00 c 1.8050 -3. 0000 0.0900 -2.0000 -0 -o.o * 
4 2.6263 0.0003 3 1.1000 -2.0000 0.0600 -2.0000 -0 -45. 0. * 
5 2.2513 0.0003 6 -0.2000 o.ooso 0.0100 0.0050 -0 -o.o * 
6 2.1510 o.ooso 3 2.4400 0. 0020 -o.oooo 5.0000 -0 -o.o ~ 

7 2.2490 o.oocs 6 1.Qq3o -3. 0000 0.0100 o.ooso -a -o.o * 
8 2.1200 0.0060 7 0.0880 0.0020 -o.oo oo 7.0000 -0 -o.o * 
9 -c.cooo -o.ooco 10 -0.1000 -2.0000 -o.oooo -o.oooo -0 -60.0 * 

10 -o.ccco 7.0000 11 -0.1800 -2. 0000 0.1000 -2.0000 -0 -o.o * 
11 1.6500 -3.00 00 3 10.2500 -3.0000 0.0300 -3.0000 -0 -o.o * 
12 1.3786 O.OOG2 13 -0.1100 0. 0 050 0.0100 0.0050 -o -o.o * 
13 1.2830 0.0050 11 1.1610 0.003D -o.cocc ******* -0 -o.o * 
14 -o.cooo -0.0000 1'5 -0.0600 -2. 0000 -a·. oooo -c.oooo -o -45.0 * 
15 -c. coco 12.00CO c 13.3700 -3. 0000 -o.cooo -o.oooo -0 -o.o 2 .... 

0 
A Pl~T IS BEING PReCUCEO. -..I 

Cost= $3.60 



t=:= 1).370 l 
'·'TI 1'.o't •• OtO OIA - ,OUO:t,OOtO 

1 l ... :~·::::;:·::.~ 1 TYP l ',-t.ltoo •• oo,o OIA .lOlr· ,I.UOI O!A 
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.uoo :a.ooso 

'·'"" &,0030 
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/ -------·----·-- ------------
EXECUTION 0F PR0GRAM SHFTOW F0R SHAFT NUM BER l<.AR00S 

SCALE = 2.0 00 
PAPEK WICTH F0R Pl~T = 10 .0 

f~E INPUT CALLS F0R A PLDT. 

*** DATA AS READ *** 

NUM /\1 A2 [ REF A3 A4 AS 

1 0.8975 o.ooo2 0 0 .9500 0.0100 o.ooto 

2 l.SOOC c.oso o 1 4. 000 0 0. 0030 - o .oc oo 

3 c.375C c.or c o 2 2.5000 0. 0 100 -0.0000 

'• 0.5000 c.ccso 1 -('.3750 O. G030 o .0050 

5 0.897'5 c.ooo2 2 0 .3750 0. 0030 0 .005 0 

6 0 .3900 c .oosc 5 l.60 CO o. o too - o.ocoo 
7 G.5COO 0 .0 050 6 - 0 . 8 750 0 . 0 100 0 .00?0 

8 0.316 0 0 .01 (10 3 - 0 .375 0 o . orco - 0 . 0000 

9 - O.G GOO - o. oooc 3 - 0 .0625 o. o ro o - o.cooo 
10 -c.ccc o -O.O 'JOC c 0 . 0625 0 .. 0100 - 0 . 0000 

A PL0T IS BE I NG PR0 DUCEO. 

A6 IREFQ 

0.0010 -0 

1.0000 -0 

-o.cooo -1 

-3. 00 00 -o 
-3.0000 -0 

1.0000 -0 

-3.C OOO -0 

1.0000 -0 

- o .ooco - -o 

-o.oo oo -o 

A7 

-o.o 

-o. o 

-o.o 

-o.o 
-o.o 

....:o.o 

·-o.o 

-o.o 
-45.0 

45.0 

LAST 

* 
* 
* 
* 
* 
* 
* 
* 
* 
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APPENDIX IV 

MACRO FLOWCHARTS 
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Length Dimension location logic (Paraphrased) 

Eliminate above and/or below 
on basis of angle interference 

-

Choose A or B if minimum 
number of interferences is lower 

Choose A or B if fewer 
witness lines must be drawn 

Choose A if maximum 
space is greater or = B's maximum 

Pick side (left or right) 
having fewer interferences 

Pick the left side if 
s ace is that on right 

112 
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Overall 'Flowchart for Notes 

(Position of each statement, relative to a numbered one, is given) 

! 1150+5 
I DN(I,4) = lj 

1160 

~9+3 ' _________________ _ 

DN(I,4) = 1 '--~ This is a noted chamfer r-------~ 

3660 

..----~--.:3690 
DN(I,4) = Or1 --------------..! '-------:-----_... 
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Revised LDDC {Paraphrased) 

(Statement numbers are given) 

Do I= 1, NPLMl 

2890 
Arrow location found. b 

defines JAB 
----

2950 

3105 
Check witness line interference 
and space for 4 alternatives 

·--~---------·-------·-----· ,---____ f..___~ Q_O 
Define JAB from t-----+--1 

ID, JAB1, JAB2 

IDA & IDB from ID 
-·-·-··-----·--~ 

3200 

Set ID from IDA 
or IDB if ID = 0 

·-·-------"-------------

l N = (NPLANE + 2)/2 
(1 - (MOD(I,2) *2)) * 1/2 

Pick ID. 

Record Placement 

Continue -1--

114 
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"CHECK FOR CIRCU.LAR REFERENCES 11 {Paraphrased) 

(Statement numbers are given) 

N is# of plane just read 

no~------------~ 

260 
N is level I 

with non-zero root 

Move a II those 
rooted in N up one 
and record new root 

Positions are all set negative to 
help in sorting for 11 RENUMBER 11 

240 

201 
N is 1st level 

and rooted in zero 

205 
Move a II those 

rooted in N up one 
and root them in zero 

reference 

N is 1 + level of its reference 
N is rooted in root of reference 

up by same amount and record 
new root 



APPENDIX V 

DETAIL FLOWCHARTS 
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Index to Det~il Flowcharts 

Page No. Statement No. Page No. Statement No. 

118 1 -- 42 148 3050 -- 3100 
119 49 -- 190 149 3105 -- 3190 
120 200-- 260 150 3200-- 3270 
121 265-- 390 151 . 3280 -- 3295 
122 395-- 499 152 3300-- 3499 
123 500-- 549 153 3600 
124 560-- 599 154 3610-- 3700 
125 603 -- 699 155 3710-- 3770 
126 710-- 730 156 3780-- 3999 
127 740-- 799 157 4010 -- 4099 

128 1010-- 1150 158 5000-- 5145 
129 1160 -- 1295 159 5150-- 5340 
130 1300-- 1499 160 5350-- 5999 
131 1505-- 1535 161 6099 - - 6299 
132 1540-- 1595 162 6310 -- 6380 
133 1610 -- 1635 163 6400-- 6499 
134 1640-- 1660 164 6510 -- 6599 
135 1670-- 1740 165 6660-- 6699 
136 1750-- 1770 166 8000 -- 99999 
137 1780 -- 1830 

167 CLEN 
138 1840-- 1870 168 ALLPLT 
139 1900-- 2040 169 II 

140 2050-- 2130 170 SKIP 
141 2140-- 2450 171 ANGPLT 
142 2500-- 2630 172 CHPLT 
143 2640-- 2690 173 ARROW A 
144 2700-- 2780 174 ARROW 
145 2800-- 2890 175 ARRA 
146 2900 ...,- 2970 176 FORfvV\T 
147 2980-- 3020 177 PLTARC 
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••·•························•············································• 1····················: •••••• ~~. !~ .~=~:!~:~ ................................................•... : 
I I 
I I 
I I I :······i:i :~t~:;:L':i~~~~:~=o ~·c.;·; : ·; a ··································: ... ... e 
I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • ••••• J 
I I I 
I I I 
~ ..... ............... :···ic·c ;~i i ~~ e··················· o ······································: I 

••••·••····••·· •·•··•···•••··············································· 
I 

••••••••••••••••••••••••••••••••••••c••••••••••••••••••••••••••••••••••••• 
: 20 ~ ~~~~~~:~e : ~~ B ~:. EN SI 0 N 15 N01 S UFFICIE ~ T F9R JA B • oi3,5H, I • o : 
• 1 I l, • ••••••..............•...•.•.•......•...•.....•.•.•.•••........••..••..••.• 

I 

I 
II all II 11111111 II II 1111111111111 Ill II II II II I~ II II II Ill Ill II II . I II II I I II II I 

• RET URN • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • 111 

II •••• • •• • •• • • • •••••••••••• • ••••••••••••••. e 
I 

II II I I IIIII II II II I 111111 1 11111111 II II II Ill I I I II I I II II I II I I I Ill I IIIII II I Ill 

• 5C ~lCJ A8, L,ll • t . 1 7 S • FliU J( K I - CAP ) / SCA lC • 
Wl(J A8 ,l+l,l ) • 1 . 1 7 'S •F UU TIKI + GA P ti ~C AL E •••••••........•.•.......•.........................••.•.••.......•....•... 

I 

I •••••...................•.•••...•....•.•..•......••.•...••................ 
• RET UR~ • 
·························~················································ 

·~··········· · ······················································· ·· ··· • ENO • ••.............................................•.......................•.. 
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. I ·········································································· :c Plln:~~!~ ~t !i7~i~H~=~~~;N :~ ~ liNES, AN O NUMHUS fiR ANGlES : 

: u : ~~~~{1~~~ U NG I 

• ~:l~ ~:!n:p.g!~}IC~lCI 
A'f • Sl•SIIlll TU t (.I •S1 

~:u ~t :~:~~::~~!~i!;c;~:~!I:!~ , 

::::::::::::::::::::::::::::::::::::r:::::::::::::::::::::::::::::::::: 
: •••••. !~!!!:! !~: :~!:: !: ! .~!.!:. ~ ~ ....................................... :· ...... . 

I 

..................................... ! ................................... . 
tiC INI(Jt :•u~ l ltRf'IIS • 
• SJ•t•O • • ~~ : ~p~1~1~H~ !:~:: s:~:~; . ,, : 

~: : ~~Rfc: ~~ i ~ 1 - fCY - YCI .. 21•H • ICC 
Dl • SQitfl.,\t.lS- IO't-YCI••21• S I • It • ..................................... j.................................... I 

:··· •• 'i: iii: Si i ·;a :; ~ : :o ••••• · ·· · · · · · · · · · · · ·· · · · · · · · · · · ·· · · · · · · · · · ··· · ··: ..... ·I· .. .. .. . . . ........ .. .. , ... . . ............ .•.... .. .• .......................................................................... I I I 
:c···r.: ;;:~:~·:::;: s ···i~················································: I I .......................................................................... I I 

t••••• •• • ••••••••••• •• ••• • •• •• •• • • •• ••• ••• • I I .......................................................................... I I 
• IC SJ • .. 1. 0 • 

=: : ~!HH!h~~~r::;l~t=d~.;,·~ H • , • t, . •.) II 'H1•~1 •.J', • YC • I ·····································j············.····················· ... 
:··· .•. i: is i:; :~G :L. ;: : ~; i'G:. ;; 'iO ••••••••••• •••••••••••••••••••••••••••• : •.•.•• I I 
·····································i···································· I ..................................... !.................................... I 
-t lflrlf U tta~ friltJfll a£111 ~ • I 
: 8~ : snu~~~ : ;.~ !:~t: s J~. ~,.~ .,c. 

::::::::::::::::::::::::::::::::::::I:::::::::::::::::::::::::::::::::: I 
• c• '' so • · . •• • • • • •• • • • • • • • • • • • •••• • a 

~;;;; ~;;~~~~;~;~~;~; ;; ;; ;; ;; ;;;;;;;; ;; ;;; ;; ; ;; ;;; ;;: ;;;; ;; ;;;; ;; ;; ;; ; ; ;; ~ I I l 
t· ···.......... ............... .... .. ... .. .. I I I .......................................................................... I I I 

t lC Dl • 81 • 1 
• CY•I'f•~l•. O J' • I ..................................... j:::::::::::::::::::::::::::::::::::: ............ .. l· ······ ...... .1 
••••.•.....•.............................................................. I 
: JO I F ISl• Sl t 6 0 ,~ 0 , ,0 :::::::::::::::1:::::::: 
• • •••••••• • • ••• IW I ................................................................................... l 
...................................... ....................................... I I 
a( U:(;.UII(NJS FIR U.C .U.E U OEIIEO l l .. AIJtllfAI"' CIU~fE R ~C. L I5 C IU.tiSE O R I.'IIII ~ G • ................................................................................ 1 I , ........................ .. ... .... .... ........ .. .. . 
·········································································· I : te t!tt : : ~ \ f~:t:!:~!:n:~(!;l!l~!Y~!~:S I' ' • 0 E wl ! .................................... ·i···································· I 
·········································································· • Gl Jl J O '• • • • • • •••.••. •••...•.•••.•••..•.•.....•..............•........•........•..•..... . .............. 1 , ......................................... . •................................... ......... ~ ............................ . 
: •c t:H ::za~ : ~~~!~ t;:l :~::l; : il~;t:~:;, ., c,o[ '4l : .................................... •t: ::::::::::::::::::::::::::::::::::: ..... . •.................................. ........................ .............. . 
: ",t!~~, :~::: : 1 :~:: ~ ~ :u: ~~: ~ ~ i ~ltEiH:!h~ fi ~N~ !~ i! n!, 10 11- Sl• • 

• CAll l H,lli Cl-Slt. 06-.H, OY-H•. Ot , ADS I"NG I,O. OI • ..................................... i ................................... . 
................................... ...................................... . 
• I f ruaH • •......................................................................... 
•......................................................................... 
• ( NO • .......................................................................... 
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IENIRANCEI 
I 
I •••..••..•.....•....................................•.............••...... 

:c PL~¥~Rf~J ~~~~~ ~~ ~~~~ ~ yl~N~N~t~T7t wiCIH .EC. C AND THaSE F~R A 
0 

•C CHA•FER N01E ~IH E R WIS E . A RGU~E N IS IN PL 01TE R UNIIS I NDICAIE LEFT • :c ~~~E~~~~~ ~~ 2 tSI WSR D. ANGLE GIVEN IN RADIANS. : 
• IS • X + .08 • 

YS • Y - .C6 .•........................................................................ 
I 
I ••••••.••................•..•..•.................................•........ 

• lfloi DTH.EC. O.OI CD Te 10 •••••••8 
············ · ···············~············································· I 

I 
I ••••••..••..........•..•.••..........................•...•...•.•.......... 

o IE MP • WI DTH • 

: ~~tt f~~ ~~:~~~ ~~C~ k~:~~,CI211 : 
o CALL LETI ERI1,2,C,X St.38,YS,IHXI 
• XS • XS • .54 ••••••••••••••••• •• •••••••••••••••••• •••••••••••••••••••••••o••••••••••••• 

I I 
ll ••••••••••••••••••.••••••••••••• • •.•••• • • e 
I •••••••...........•.....••. ..•..................••..••.••••••...•......... 

• lC A • ANG •57.2 9578 • .~ o 
• CALL SC BN VFIA,C,l2,31 
• CALL LEIT ER I2, 2 , 0 ,XS,YS,CI21 I • 
• CALL LETT ~R ll,l, C ,XS•.2 8 ,YS•.06,1H91 • 
··········· · ··································~··························· 

I ••.•••.•.••••••.•••.•••••••• ...............•.......•.•.•.•....•.••.•.•.... 
• • ETURN • •••.•••......•••.••••.•........................••...••.•••......••........ 

······ · ····· · ··················································· ~ ······· · · • END • 
eeeeee e c•ccccccc•D• e •c•c•eGCCCeCCCeCeCCCCCCCCCCeCCC.CCCceccC•CccaeCcCCC··· 
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IENTUNCE I 

I •....•........... •....... .. ...•........................ ................... 
:c PlSeVBSR!~ l! NR' fR" ~RHR ~E ~ AO i lp t TI N' Ar i Nc 0 

•C •• ,'- iN P L e ii E ~ u ~ . , ~ A ! ~K~A~ ~~~· r ~ esu:t'~r ~ ~~ PSikT AT x,y : 
• at • .t ~ •C H !at. l o ~l2~ ~1 • x • 
• ll~ • 'l~• C I S (l-.I 6 ~2H~I • l o 
• Y • • ~•SI N I A -,J 6~7HH • Y • 
• Y • • ~ · ~ I N t A +.l 6S 2 Z ~4~;J +'I' • 
o CAll ARRA(l l,TI, l2 ,Y 2 ,X,H o ••...................... ..... ............................................. 

I •...........•.........••.•••.•............................................ 
o IIET VR!j o 
•••••••••••e•••••• • •••••••••••••••• • •••••••••••••••••••••••••••••••••••••• 

•••••...........•.........•.••......•.........•........................... 
• ( ~0 • ••••••••.....•...•..•..•...•..••.••••...............•...............•....• 
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I ENTRANCE I 
I 
I •.•...••...... . ........................................................... 

o SU 8R CUTI NE ARR21111. ,Y 1 11 • 
•~ CRA~S ARRe • ~EAD I ~ 2Nt IF EIGHT OI REC:TI 2 NS, AC:C:~ RO ING Te It ~ITH 
• HS TIP AT P 2 1NT x,Y. o 
• J,Y, IN CATA UN ITS. 1•0 GIV ES A LEFT-PSI NTIN G ARR e 11, l A S e UT HWE S T,• 
• l A O e~NP0 1 N TI NG,I A H UT HE AST-P U _NTING, ETC:. • 
o CALL UNill i (X,Y,X P ,YPI o ••••...........................•...•...................................... 

I ••..........................•...•......•.................................. 
• IFC1~2011,211 lOolOolC •·•••••e 
• •· •••• tv 
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•c I•IERJ eR r ru R • I I 
• U • lP • ,Q7l 'IA •FLUTC2-II • I 
• Yl • YP • . C 2 41>~ • I 
• Y2 • yp - . 02 41>~ I I 
: •••.•. ~!~~.! ~: :!!!::!:!!:!~:!~::~!....................................... I I 

I I I 

••......................•..•.•....•.. !.................................... I t 
• 11£TU RN • I ••.•..•.................... ............................................... 

I 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,I 
•C I • TIIe fA SIX 20 o 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I ,I ........................................ J 
•........................ .... ............................................. 
• lC Yl • YP • .01l '18 • F l e& fl4-l I • 
e Xl • IP a .Cl46~ 
• J2 • lP - . 0 2 46 ~ • 
o CAll A~R A!Xl 0 Yl,X2,YI, lP,YPI o •••.•••.•••• .•... ..... ..• .•.. ......•.•.. ..........•..•...•................ 

I ••••••.....•..•..•••...••••••.••••••••.•.•..••.....•.....•..........•....• 
• ll f TURN • ••••••...........••.•.••••.•.•...........•......•..•..•.............••...• 

••......................•................................................. 
•C I IS eco 30 • ••••. .......•............................................................. 

I 
81 •••••••• •• •• • ••• • •• • •••• • • • ••• • • •• •• • ••• • •••• • ••• 
I •••••••.••••..•.•••.•.•.••••.......................•.•...............••... 

• J O t • .1 S • 
• fF11. GT. 41 C• - .1 ~ • 
•C C S P tS ITI VE ~ BR I • I eR • 
• YI•Y P •C:•. 8 ll18 • • J2 • YP • C •.~ 6 ll 8 • 
:c c ~ ~ ~~~ lli! t 4 J a~ 0 i 0 ! ~ - ii~ , : · 
: :} : ~ ~ : ~:: ~ d~ \~ : : 
• CAl l A. RR A( Xl,Y ,X 2 ,Yl,XP,YPI ' • ••••••••••••••.• ....•....•. •• .....•••..............•...•.................. 

I ••••••••••....•....•....• ....•.•••••.....•.....••.•..•....•.....••••.••.•• 
• ~ E TU~N o ••••••................................................................... . 

•••........•......................................................•....... 
• l ~O · 0 

······················································· ~ ·················· 
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• SU B ~ ~ CTINE A R~ A!Xl,Yl,X 2 ,Y 2 ,Xr,YPI • 
• CIILL PL CTIXP,YP,31 • 
• CALL PL CT(Xl,Ylo21 • 
• CIILL PL 2 T(XP 1 YP,31 • 
• CALL PL C f(X 2 1 Yl,21 • 
• ChlL PL:t T(Xl 1 Yl,21 • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• ~ [ TUR ~l • 
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• E ~ C • 
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I ENTRANCE I 
I 
I •••••.................................................................... 

SUBRS~TINE F£ ~ M AT 

c:~~g~l0~rt~~i~=1~~~s~~l 21 

~All PL0TI2.6 2 S, 2 .62~,21 
CALl Pl9Tl2.62S,7.62S,21 
CAll Pl9TII.62~,7.62S,21 
CAll PlBTII.62S,2.67S,21 
CAll PlATl2.12S,2.6 2S,ll 
CAll Pl0Tl2.125,5.625,21 
CAll Pl BTll.625,S. 6 25, 31 
CAll PlBTl2.6?S,5.75C,21 
CAll PL0Ttl.62 5,s. n c ,21 
CAll Pl ATI2.61S,S.625,21 
CAll Pl9Tll.6 2 5,S.62S,21 
CAll Pl OTI2.12S,S.75C,ll 
CAll Pl CTI 2 .125,7.625,21 
CAll IC BN VFISCALE,SCt6tll 
CAll lETTER,IO,~,q c ,l.o,l.O,IOHSHAFT NA"EI 
CAll l t Tf l R S, 4 , QO , l . Q , 6 .1 l~ ,5HSCAL~t mt maw~:::;8 :t~:~:ri ;~~" ••••••.......................................................•..••...•.•.. 

I 

I •••••••••..............••.•....•........••.•.••••••.•..•.•.........••....• 
• ae TURN • ••••••••..••........••.....•..........•..••..••••.••••..••......••..•....• 

••••••.................................................................... 
• ENC • ••••.•...........................................................•........ 
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I ENTRANCE I 

I 
··················· ~ ·················~···································· :C ~e~Vf~f~~~ ~~ :~r:~~.~~~f: 1 1~l~~ 2#~~·:ct~~~JR Pf iff TkE PAGE : 
• COIIMil; SCALE.Y AX IS • 
• ~ALL UNITU j XltTltX&l,YTll • 
: ~ ~~L.uW ~~AL ~z:"fo~xz,nz : 
• nt • Tt• St ALE • TAXIS • 
• tAll ARC I XXI 9 TT1 9 XX2 9 VY2,XXC,YYC,CEVI e 
•••••••••o•••••• ••• •• ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I ••...•. ..... .............................................................. 
a F.ETU AN • ••••••.•.•......•...•...••.......•................... ...................... 

eaec e cceao aeooce eeaae••••• ••• ••••••••••••••••••••••••••••••••••••••••••••• 
• E ~ C • •••••..•...••.•.••...••.••••••..••..•..............•...................... 
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APPENDIX VI 

Condensed Input Instructions 



179 

This appendix has been provided for the convenience of the reader who wishes 

to try using the program. 

Figure 1 is a one-page condensation of Section III, pp. 5 - 14, "The Description 

of the Input. " 

Finally, a key-punch form has been designed which follows the input format 

described on page 14 of the text. 



NOT ES FO!~ DA T/-\ IN PUT TO SHF TDW 
180 

1. Dcfinili on of Pla nes: Every d imens ion is ossoc iated with a n ad jace nt pl ane of the shaH . 
These p l ci~es a re-p~·pend i cu l m to the ce n!·e1 li ne of the sha H. · They a ppear c1s ve rl-ica l 
li nes oc ross !he sha ft in the draw in g . (I n ac cordo nce wi!·h sia ndord draw ing pracl- ice 1 

a p la ne oppears only vvhere the re is a sharp change in the su rface contou r. ) 

II. Numberin g of the Plan-e:. : Wiih one except ion1 e ach p la ne is a ss igned an arbi!ra ry 1 

"Un i qt.'7C;tw0-~ligfi"·-i1u~~~r;;-;: in J·he inpu i . Thai· exce p!-ion is !·he le fim osf· p la ne wh ich 
def ines !·he le fi- end of !·he shaf!. Tho!· p!::me is assumed 1-o have the nu mb-::n ze ro and 
has no d ime nsions a ssoc ia !·ed wil·h iL 

Ill. The Di me nsion P01~_9rne !·er~ : Eac h p lcme (e>~c e p!- p la ne ze ro) has associated wii·h il; 

the p la ne number (in!ege rs on ly) 
the nom in:1 l d iame !·er of !he sect ion J-o f·he le fl 
II of the p la ne. from whi c h it is locCI J-ed 

DNOM 
I REF 
RNOM. II th e nomina l cli slance fr om p la ne !RE F lo p la ne (RNOM is nega l ive 

whe n p lane I is to !he le ft of p la ne !RE F) 
a nom ina l fi ll e t rad iu s F!~NOM -

IREFQ II of the p la ne lo which a re fc1·e nce d ime nsion la be ll ed REF a ppears . 
IREFQ ca n be le fl- b la nk . Th ere fore 1 ·-1 mu sl be used ins!eocl of zero 
for a refere nce di me nsion lo !he le flmost pl ane . 

TANG a !-ape\~ang l e (pe>s i!·ivc for d iame te r inc reasing 
to !he righ!} Ma y be le fl- b la nk. 

Ea c h nom ino l dimens ion has wiJ-h it a !-o le ra nce . These ore 
DTOL 1 RTOL 1 . FRTO L. The y a re of the equo l (plus or minus) 
type 1 i .e . 1 DNOM_:!: DTOL 1 e!-c . 

IV. Ch:1 rn fe rs: The c hamfe r has bee n treaJ-cx l a s a un il . O ne ca n 
b·3·-a-Cld e-cf l'o or removed from a shoulde r wilhou!· oli·c r ing J-h e 
othe r pa rdme l·e rs . In !he cose of !'he ri ghl· ha nd shou lder 1 

or 
c 
0 

0.. 
L. 
()) 

~~-

E 
0 

..c 
u 

!hi s ne cess ital·e s one cxceplion to !he ru le J-h c; ! DNOM is !he l0 
"'I:: 

di a me te r lo !he lefl of !he p lane . In this case whe n J·he 
c ha mfe r is prese n!· DNOM of !he shoulde r p la ne is the dia- I 
rne l'e r !-o the le fi- of !he c h:l rnfe r p lane . 

Chamfer pla nes should a lways be located re lative to ad iace-=l 
shou lde r p lones . 

()) 
c 
0 

.._ 
()) 

-u 
:J 
0 

_c 
V) 

OJ 
..c 
1-

-~--- RN OM(5) 
±. RTO L(5)' 

r -
V. Bla nks: No fi e ld ma y be le fl: b la nk in !·he inpu t DNOM (l) . / 

________ T ___ D_ 

u nTessr11 en l ioned above or on f·he input shee i _.-__ ~± DT~t~)- - ~;~~S) 

FI G URE l 
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t ARROWS f SHOW COLUMNS f IN WHICH 1 DECIMAL f IS f ASSUMED t 
------------------~~~~----------~~~~~~~~~------------~~~~~------------~~~~~-------------'~------------~~~~~------~--------------~ 

Standard Tolerances: . X = ±. 060 
. XX=±. 030 

.XXX=±. 010 

LAST= 1 on 
last card of a 
shaft 

LAST= 2 on 

Duplication of Dimensions: For a duplicate 
Diameter or Fillet Radius the nominal dim 
ension may be omitted in wbich case the num
ber of the duplicated plane should be entered 
in the Tolerance Field. The duplicated plane _, 
must preceed the duplicating plane. 

This convention can be utilized by giving -n 
instead of a tolerance, where n is the number 
of digits to the right of the decimal. 

Chamfer Planes: Have a taper angle but the fillet radius 
is left blank. Normally Diameter is also blank. If dia
meter given then this is the shoulder Diameter a nd the 
Locating Length Dimension must be blank. T he Fillet 
Radius must also be blank on the r ight most pla ne . 

last card of last ) 

Blank Fields: No blank fields are permitted 
except those mentioned specifically on this 
form. 

(one, two, or three, as above) IREFQ is blank unless a reference dimens ion is desired 
between I and IRE FQ. 

s haft / 
LAST is blank ,,; 
otherwise. 

j 
---------------------------------------~--------------------------------------~~----------------------------------------------~-------------~ 
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