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INTRODUCTION

THE FIRST PRINCIPLES OF MECHANICAL AND ENGINEERING
DRAWING

Ir heing incumbent on every one who aspires to become a really
efficient Engineer, that he should possess a thorough practical know-
ledge of the Mechanical Draughtsman’s art, we would in the outset
of an attempt to explain the fundamental principles which govern its
operations, observe, that the inducement to undertake such a task is
the desire to place within the reach of every carnest engineering student
and apprentice, & meuns of enabling him to read and to make such
drawings as are placed before himn in an engine factory to work from,
and to prepare him for the subsequent study of engine and machine
design,

It is assumed by the majority of engineering students and appren-
tices, that the drawing practised in the Drawing Office will be taught
them upon their first admission to it, but an experience of many years
in some of the prineipal offices in England, has made the writer alive
to the fact, that so far as the “principles " which underlie the gractice of
the draughtsman’s art are concerned, absolutely nothing is taught the
student, and that if he ever acquires a knowledge of them, it will be
by his own unaided study, independent of any drawing-office help.
With a view, then, to the acquisition by the student of this all-
important knowledge, in the bhest possible way, we have in the following
pages formulated a method of imparting it, which from practical
experience as a dmu{,;ht.ﬂman, and teacher, we have found answers
every requirement. Whether that method is an improvement on any
now adopted, is left to those who earnestly follow its exposition to
determine.

Before proceeding with that exposition, we would, however, put
before the student, some facts bearing upon the study of drawing (and
Mechanical Drawing more particularly), which may help him to
appreciate the necessity that exists for his acquiring the ability to
draw, if he desires to rise in his profession. Without wishing in the
least to underestimate the great worth of o really first-class skilled
workman, who may have little or no knowledge of drawing, it is still
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a fact very generally admitted that just in proportion to the knowledge
of drawing possessed by one workman over his fellow, so is e superior
to him; and it follows that those ignorant of that art must hold a
lower position as workmen, than those having a knowledge of it.

The utility of the power to draw may not present itself to the
mind of the workman onits first suggestion to him, but a little thought
about the matter will soon make it clear that it has a much closer
conneetion with his daily work than he had any idea of. Neither
spoken nor written language can at all times convey ideas that we wish
to impart to another, and recourse must be had to some other means,
more especially if those ideas relate to the form and position of material
substances. To assist us in making our meaning clear, we must make
use of what has been aptly called the “language of mechanics,” or
Drawing—a language which appeals at once to the eye for the truth
of its assertions, and which enables us, without further assistance, to
judge of the form, appearance, and dimensions of bodies.

To the intelligent mechanie, a real- power of drawing is a priceless
advantage, as it enables him to cither reproduce a true representation
of forms, that upon a casual inspection may have made an impression
on his mind ; or, on the other hand, to transfer to paper what he may
have conceived, but which has not as yet had any existence. Many
a valuable invention has been lost to posterity through the want of the
power to draw, on the part of the would-be inventor.

Again, a knowledge of the graphic art is now demanded of all wha
‘are in any way connected with mechanical constructions of any kind,
and no one can now hope to obtain any position of trust that an
engineer fills, who has not acquired the power of correct drawing. It
wag long a fallacy with many, that draughtsmen were born, not made;
that although a youth, or a man, may be taught to write—or copy
letters—the law did not hold good as regarded drawing. This fallacy
has happily gone the way of many others, and it is now held that those
who will give to the study of Drawing the necessary concentration of
thought, coupled with persistent effort, will undoubtedly attain its
mastery and achieve success.
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MECHANICAL AND ENGINEERING DRAWING

CHAPTER I
THE TOOLS AND MATERIALS REQUIRED BY THE STUDENT

1. Drawing-Board.-—As all drawings of Mechanical and Engineering
subjects are made on flat surfaces, and as the most suitable material
on which such drawings may be made is paper, the first requisito of
the student is a drawing-board, on which to lay or stretch the paper.
The board should be made of well-seasoned pine, of a convenient size—
say 23 in. by 17 in, which will take half-a-sheet of Imperial paper,
leaving & in. margin zll ronnd—3% in. in thickness, and fitted ab the
back, at right angles to its longest side, with a couple of hardwood
battens, about 2 in. wide and § in. thick; the use of these battens
being to keep the board from easting or winding, and to allow of its
expansion or contraction through changes of temperature, This latter
purpose, however, is only effected by attaching the buttens to the back
of the board in the following manner :—At the migddle of the length of
each batten—which should be 1 in. less than the width of the board—
a stout well-fitting wood serew is firmly inserled into it, and made to
penetrate the board for about } in., the head of the screw being made
flush with the surface of the batten. On either gide of this central
screw two others, about 3} in. apart, ave passed through oblong holes
in the battens, and serewed into the body of the board until their
heads are flush with the central one; fitted in this way the board itself
can expand or contract lengthwise or erosswise, while its surface is
prevented from warping or bending.

The working surface of the board—or its front side—should be
perfectly smooth, but instead of being quite flat it should huve a very
slight camber, or rounding, breadthways, this lutter feature in its con-
struction being to prevent the possibility of & sheet of paper when
stretched upon its surfuce having any vacuity beneath it. The four
edges of the board need not form an exuct rectangle, as much valuable
time is often wasted in the attempt to produce such a hoard; but it

-
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will answer every purpose of the draughtsman so long as the adjmeent
edges at the lower left-hand corner of it arc at right angles to each
other, or square. To produce really good work in the shape of a
mechanical drawing, one perfectly straight edge only is required on a
drawing-board, and that the left one, which is always known as the
working ¢dge ; but for the convenience of being able to draw a long
line across the board at right angles to its lower edge, this edge is made
truly square with that on the left side of the board.

A further improvement in such 2 drawing-board as above deseribed
is made by cutting—lengthways—a series of narrow grooves in the back
of it and inserting in its working edge a strip of ebony, to help in
keeping it true, and to serve as a guide to the stock of the drawing
square. Such an improved board is shown in Fig. A. There are
other kinds of drawing-boards in use; but as the one deseribed has
stood the test of many years’ service, and finds most favour in
drawing offices, o detuiled deseription of them is not necessary here.
A reason for giving at such length o deseription of the kind of .
drawing-board so universally in use in modern engineering drawing
offices is that it may be the means of indueing students and apprentices
capuble of handling joiners’ or patterminakers’ tools to make such a
hoard for themselves, which, if made of good well-seasoned pine, free
from knots and shakes, will retain its specially good features for years.
Those, however, who may he unable to secomplish such a feat, may
purchase such boards at a reascnable price from manufacturers of
drawing materials, who make them a speciality.

2. Tee-Square. - -The next most important adjunct to the drawing-
board is the drawing- or teesquare. Some inexperienced youths, and -
even those of larger growth, have a votion that anything will do for a
tee-square ; but, it correet work is to be done, the tee-square is as impori-
ant to the draughtsman as the drawing-board. It need not, however,
Le an expensive one, provided a knowledge of what constitutes a really
serviceable and eflicient tool is possessed by its intended user. As its



MECHANICAL AND ENGINEERING DRAWING 3

—
{ Brae o] o]
]

Fig. 1 Fig. 2
3 — [ =

Fiy. 5 Fig. 6



4 FIRST PRINCIPLES OF

name implies, it is an instrument in the form of the letter T, the two
parts of 1t being known as stock and blade, the horizontal component of
the letter being the stock, and the vertical one the blade. To form the
square, the two parts are joined together in such away as to make them
exactly at right angles to each other ; the stock, which is applied to the
working edge of the drawing-board, being about one-third the length of
the blade, and about three times its thickness.

The manner, however, in which the stock is united to the blade
determines its adaptability or otherwise to the use made of it by the
draughtsman. In some the stock is rectangular in section, and the
biade morticed into it, as in Fig. 1. In others the blade is dovetailed
and Jet into the stock for the whole of its thickness, as in Fig. 2; or
morticed, as in Fig. 1, but fitted with a tongue-picce the length of the
stock, as in Fig. 3. Neither of these plans is to be recommended ;
they involve unnecessary work and care in fitting during their many-
facture, are more liable to get damaged in their usage, and are
practically imperfect as a tee-square in some of its essential require-
ments. To be perfect in construction, a teesquarve should be as light
as is consistent with its necessary strength and stiffness of parts; it
should be made of suitable material, easily manufactured, put together,
and repaired, and withal as truly correct as it is possible to be made.
Such a square is representied in Fig. 4; it has a taper blade, which is
generally about double the width where secured to the stock as it is at
the tip. Its tapering form serves two purposes, the primary one being
that’it adds strength and stiffness to the blade and prevents its buck-
ling—a common fault with all parallel-bladed squares—and the other,
its excess of width at the stock, prevents it from rocking, and gives
ample room for securing it to the stock. The blade is also easily and
correctly fitted to the stock, and has also one great advantage over all
the others in that the set-squares used with it are far more easily manip-
ulated than is possible with any of the three previously referred to.

3. In cases where many parallel lines have to be drawn, of lengthe
beyond the capabilities of ordinary set-squares, and in directions other
than square with, or parallel to, the working edge of the drawing-
board, it is convenient to have for use an adjus:able-bladed tee-square,
or one whose blade can be set at any desired angle. The blade of such
a square should be tapered as in Fig. 4, but shaped ot its wide end as
in Fig. 6, and have a stock wide enough to allow for the surface
required in the washers of the fittings necessary to make the blade
adjustable, These fittings, though requiring to be well made and
neatly finished, are not expensive or difficult to make, as they consist
merely of two washers, a square-necked holt, and a fly-nut, articles
that any one capable of making a pair of calipers could supply himself
with. Fig. b shows a section of these fittings, which are generally
made in brass, The top and bottom washers A, B, are slightly dished
on their faces to ensure contact with blade and stock, and the spread
of the wings of the fly-nul is such as to give sufficient leverage for
a good grip.

Referenee is here made to an ndjustable-bladed square, as one may
possibly be required later on by the student; but there is no present



MECHANICAL AND ENGINEERING DRAWING 5

necessity for the provision of such a tool, as all lines that may be
requived other than those drawn with the tee- and set-squares in
conjunclion, are easily put in by a proper manipulation of the set-
squares, which will be explained in dve course,

Set-Squares—Of the sct-squares used conjointly with the tee-
square, those of 45° and 60° are all that are vequired by the student in
the earlier stages of study. A 6-in. 45° and an 8-in. 60° set-squares
ave the most useful sizes.  Framed ones, well made, of foreign manu-
facture, may now be obtained at a reasonable price, but the kind most
generally in use are made of vuleanite. Those, however, of this
material made with the middle part cut out to imitate framed wooden
ones should be avoided, as they are very liable to fracture at the
angles, and it is impossible to repair them. :

The other requirements of the student of mechanieal graphics,
apart from what are known as {nstruments, are some pencils, drawing-
pins, rubber, paper, and juk. A few words descriptive of the qualities
that should obtain in each of these articles, that satisfactory work may
be done, will be of advantage to him.

Pencils.—The present great demand for pencils has, notwith-
standing the millions that are annually made and sold, added few to
the number that are specially suited to the wants of the mechanical
draughtsman. any erroneously assume that any sort of pencil will
suit a learner.  No greater mistake can bo made. If he is to acquire
o draughtsman’s habit of work, his first necessity will be a geod,
serviceable, rveliable pencil—one that is neither too hard nor too soft,
and that will retain a good point for a considerable time. The peneils
now generally used in drawing offices are of Faber's make, which can
be had of different degrees of hardness from 11 to six H's, the cedar
covering of the lead being hexagounal in form, instead of round. But
such pencils are too expensive for students’ use. A good, serviceable
sencil, made by Cohen, and known as the * Alexandra H pencil,” has

n in use by the writer for some years, and costs about half the price
of Faber's. ey are, however, of the ordinary round form, which is
inimical to the draughtsman, it tending to cause them to b constantly
rolling oftf his board and damaging their points. To obviate this, the
writer’s practice is to cut a flat side on the pencil throughout its whole
length, taking care not to bend the pencil in doing this for fear of
breaking the lead. If neatly done a perfectly fiat side is produced,
which serves as a guide to the way in which the pencil should be
pointed and keld, and will prevent any tendency to rolling, even if the
drawing-board is much inclined. To do away, however, with the
necessity for constantly sharpening the peneil, and theruhf' reducing
its length at every such operation, pencils with movable leads have
been in use in drawing offices for some years, They are far to be
preferred, as the part of the pencil which is held by the fingers never
alters in length, and the lead can be used to the last quarter of an
inch. This kind of poncil is known as “ Faber’s artist’s pencil,” is
hexagonal in outside form, and thus partly prevented from rolling.
The acme of perfection in this class of peneil has, however, only lately
becn introduced, the part for holding the lead being triangular in
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section, which renders it easy to hold without turning in the fingers,
and rolling off the drawing-board is impossible. It is made Ly Hardt-
muth, of Vienna, but can be purchased of any photographic chemist
or artists’ cclourman,

4. Drawing-Fins.-——In the study of mechanieal drawing in its

T L

Fig. B

earlier stages, and even in the making of working drawings for shop
use, il is nol necessary or essential that the paper on which the
drawing is made should be secured to the drawing-board in any other
way than by pinning it. This is eflected by the vse of diwwing pins.
There are, however, several kinds of drawing-pins to be had, and their
variety is often the caunse of difficulty in choosing, to the uninitiated
user. A pin that would answer well the purpose of the free-hand
draughtsman in putting a sheet of paper on his drawing-board, might
be the very worst that a mechanical draughtsman could possibly use.
The former, not needing a teesquare in the practice of his art, if he
does not stretch his paper, pins it down to his board with any drawing-
pins that are at hand. These may possibly be pins with heads a
sixteenth of an inch thick, beautifully milled on their edges and
perfecily flat on their under and upper sides. Such pins would be
shunned by any mechanical draughtsman who wished to keep the
edges of his tee- and set-squares intact and free from notches.  Pro-
jecting the whole thickness of their heads from the surface of the
paper, they would foul the edges of the tee- and set-squares and cause
damage. The only kind of drawingpin a mechanical draughtsman
should use should have a head as thin as possible, without cutting at
its edge, slightly concave on the under side or that next to the paper,
aad only so much convexity on its upper surface as will give it
sufficient central thickness to enable the pin to be properly secured to
it. There is neither sense nor reagon in making the head of a drawing-
pin half-an-inch in diameter if its circumferential edge docs not bear
on the paper when its pin is as far into the board as it will go. The
purpose of the pin is to keep its head from rising from the surface of
the paper, and it need only be long cnongh and strong enough to effect
this. Jt is better practice to use four small, good-holding drawing-
ing as shown in Fig. B, along the edge of a sheet of paper, than one
arge, clumsy, badly-made pin at each end of it. Suitable drawing-pins
which answer every purpose required of them hy the draughtsman are
now to be obtained for half-a-crown per gross.

5. Paper.-—As the student from the very commencement of learn-
ing to draw should study to acquire the good draughtsman's habits of
work, and as one of these is the making of clear, sound lines in his
drawing, whether in ink or pencil, it is advisable that he should
aceustom himself to draw on fairly-good paper. It is not meant by
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this that such paper as Whatman's is rceommended for use in his
preliminary work, but rather to guard him against purchasing soft,
spongy paper, which will not stand the application of indiarubber for
erasing, or of ink for lining in, without, damaging its surface or causing
the ink to run. Drawing-papers are of two kinds—viz, hand-made and
machine-made.  "Lhe former is the best, but is expensive; while the
latter is made in great variety, and, a3 a consequence, of varying
quality. Most students, in learning to draw, require a frequent use of
the rubber; therefore a tolerably hard-faced paper is desirable. Since
the advent of so much drawing as now obtains, a new special make
of hard-faced, close-textured cartridge paper has heen produced for
students’ use. 1& costs about 2d. per imperial sheet, and is very
suitable, for the }qus% “For more; advanced work there is, to the
writer’d knowledge, nothing that wilt compare with Whatman's smooth
double-clephant paper, which takes the finest line either in ink or
cneil.

? Rubber.—TFor cleaning drawing-paper, a piece of soft, grey vuleanized
rubber should be used, as it will not injurce the surface of the puper if
properly applied.  Its only drawback is the appearanee at times in it
of small specks of some hard substance like coke-dust, which find their
way into it during the process of manufacture; these, however, are
easily removed when detected. For erasing any portion of a line in
pencil, a piece of prepared white valeanized rubber is the best—small
rectangular pieces of this material are now to be had of any artists’
colourman. What are called pencil-erasers, or rubbersticks, are now
in common use amongst draughtsmen for the same purpose. They are
made in the form of a large square pencil, with rubber insevted in the
body of it. Lo use it the wuod is cut away, as is done in pointing an
ordinary pencil, exposing the rubber, and it is then applied to the
pencilled iine with a to-and-fro metion of the hand, pressing lightly,
until the line disappears.

Fig. G

Ink.—A further and alliimportant requisite to the student dranghts-
man is ink with which to line in his drawings after they have been
carefully put in in pemcil. We say this is an “important” requisite,
becanse so much depends on its quality. Tt is generally knm\'p as
India or Chira ink. The definition given of it in standard dicticnaries—
viz.,, “a substance made of Jampblack and animal glue "—is no d.Dui_::t.
answerable for the large amount of a material made and sold in
Britain under its name. Pure India or Chine ink is only made in
those eountries, heeause the speeial wood from which it is produced is
found only in these regions; therefure in purchasing ink for use on
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drawings, the only way to ensure its being the real article is to obtain
it from a bond fide importer. The best mathematical instrument-
makers are generally importers of it. It is sold in hexagonal sticks,
as shown in Fig. C, and is expensive, but small oval and round sticks
of it are to be had costing about a shilling each.

6. Bofore noticing the few “instruments” that are necessary when
commencing the study of mechanical drawing, we think it advisable to
show, in a combined sketeh (Fig. D), the special tools—viz, drawing-
board, tee- and sot-squares—recommended, that the student may note
the position they each should assume when in use. The teesquare
should only be used in the two positions indieated by its outline in full
and dotted lines. 1In the latter it will seldom be requived. All lines at
right angles to its edge, when in the first position, should be drawn
with ihe 60° set-square applied, as shown, The 45° set-square is placed
as it would be applied when a line is required at that angle near the
left edge of the sheet of paper. Care should be taken, when drawing
by lamp or gaslight, that the light is in such a position as to cause little
or no shadow to be cast on the paper by the edges of the tee- or set-
squares. This is important, as such shadows often eause errors in lining
in,whether in ink or pencil.  We may mention that the drawing-hoard
aund teesquare recommended for uwse are known as “Stanley’s
Improved,” they having been introduced many years ago by Mr, W, F,
Stanley, of London.
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Insiruments.—The Drawing fastruments required by the student
draughtsman are few in number, and should be acquired as the neces-
sity for their use arisos. No greater mistake can be made than that of
purchasing a % box of instruments,” as it generally contains some articles
that are never required, and is wanting in those that are necessary for
the special kind of drawing practised. All that the student requives for
use for some time is a pair of 6-in. compasses with a pen-and-pencil leg,
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pen-and-pencil bows, a ruling- or drawing-pen, and a set of druwing-
scales. For future service, everything depends on a proper choice in
their purchase, more particularly if their use is to be continuous;
und as we assume throughout this work that the student has little,
if any, previous knowledge of the subject, it is especially necessary
thut he should know what constitutes 2 good serviceable instrument,
as the possession of inferior ones will be a constant source of annoyance
to hinn,

C
S _“‘Jﬂ_T_____—}:_-._
B
Fig. 7

7. In giving the characteristics of o good instrument, it is of the
first importance to understand the use to which it is applied. With
draughtsmen, a pair of compasses and a pair of dividars serve two very
different purposes, and are therefore difterently constructed, but their
names and uses are often misunderstood. “ Compasses” are never used
for dividing, nor are “dividers” applicable to compass-work. Beginners
should therefore note that the former are specially intended for putting
in cireular lines in pencil or ink, and that the proper and only use of
the latter is the division or measuringoff of lines and spaces. These
sepurate and distinet purposes give at once a elue {o their proper form
and construction.  They ure both instruments with two movable legs,
joined together hy a forked end, and sccured by a pin and washer, as
shown in Iligs. 7 and 8 at A, A. The compasses, however, being used
to draw circular lines, or lines described about a point everywhere equi-
distant from it, should have jointed legs, one with a knee-joint at B, and
the other with a socket, as at C, to enable it to be easily removed
and replaced by the ink- or pencil-points D, E, Fig, 10, when required.
‘The purpose of the kneejoints shown at B in the compusses, and b b
in the pen and pencil points, is to enable the lower parts attached to
them to be adjusted perpendicular to the surface of thé paper, in
order to obtain a truly cireular line, and to allow both nibs of the
inking-puint to bear fairly upon it .

Dividers, which are not necessary to the student for some tune
forward in his study, should have legs of equal length, but without
joints, as in Fig. 8, their lower parts being made of steel of triangular
section to within § in. of the ends, which should be gmﬂu&!ly wo‘r#ed
off into nicely-rounded points, as shown. This latter feuture is ono that

should obtain in the points of compasses, bows, ete, ZTriangular-pointed
instruments should never be used, as their points act the part of a

Fig. 8
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rimer, cutting their way through the paper into the drawing-board,
making unsightly holes, and causing them to describe anything but true
cireles.

Fig. 9

Pen-andpencil Bows are compasses intended for putting in smaller
circles and eircular ares. Single-jointed ones, such as are shown in Fig.
9, will serve all the present wants of the student, if well made. The
socket in the pencil-bow should be tubular, and of a size to take leads,
and not lead-pencils.  As these two instruments will be much oftener
used than any other, it is advisable that the student should supply him-
self with the best to be ailorded, as they will amply repay any present
outlay.

What are known as * half sets,” shown in Fig. 10, are now specially
made by drawing-instrument makers, for the use of students.  They
comprise compusses, lengthening bar, pen and peneil point, and knife
key, and are a very servicezhle outfic if well made.

]

Penell Polot D, Pen Teint E.

Fig. 10

In selecting the foregoing instruments, care should be taken that
they are all sector-jointed with double-leaves and well made; there
should be no shake or slackness in any of them, and they should be
equally stiff in the joints at any point from being full open to closing.
The test for a pair of compasses is to open out their legs well apart and
then to fold each lower hali-leg together—if the points meet each other
truly, they are correct in the joints; if they cross one another, the joints
are not properly made.

Drawing or Ruling-pens are of two kinds—viz., those made with a
jointed nib, as in Fig, 11, and those without a joint, as in Fig. 11a. The
former, l]wugh more expensive, is to be preferred, on account of the
facility in cleaning and sharpening ; but the latter is o very serviceable
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pen, if well made and finished. It will be observed in the sketch of the
first, that the under or fixed nib is much straighter and thicker than the
hinged one; this is so made to resist the pressure of the hant! upon it
when drawn along the edge of the tee- or set-squares. In all ordinary
pens the nibs are of equal thickness, and the hand-pressare tends to
close them and prevent the How of €he ink; but by providing a stout
springless inner nib this tendency is overcome. The stem er handle of
this pen, it will be noticed, is squared, to indicate how it should be held
by the fingers when in usc,

=== o>
Fig. 11 ’

Qimeexing ] B

Fig. 1la

The Drawing-scales recommended for present use by the student are
a set of three lately introduced by Messrs, Jackson Bros., of Leeds,
made of pliable varnished beech, and giving twelve scales of the
standard units of measurement generally used in engineering drawing.
They are decidedly to be preferred to any eardboard-scale, as the dividing
is well done and there is no tendency to double up or get dirty by use.
When the student acquires a more perfect knowledge of the use
of instruments and scales, he ean add to his stoel already in possession
whatever is necessary, always bearing in mind that a good tool iu
the hands of one who knows how to use it will invariably do
better work, and is to be preferred to one of inferior quality; in
the meantime, those herein recommended are all-sufficient for present
requircments. ’



CHAPTER 1T
MECHANICAL AND FREDHAND DRAWING : THEIR DIFFERENCE AND USES

8. BeroRre proceeding with an exposition of the principles on which
the practice of mechanical drawing is based, it is necessary that the
student—who is assumed to have no previons knowledge of the subject—
should thoroughly understand the radieal difference, in character and
application, which exists between it and that kind of drawing known as
¢ frechand.”

The generic term ‘drawing,” strictly speaking, is the art of
representing objocts on a surface—goenerally flat—hby means of {ines
showing their forms and general contour, independent of colonr dr
shading ; for the latter, without form, would be meaningless and
incapable of expressing anything. Freehand drawing is the practice of
the art of drawing by means of the hand, the eye alone controlling and
yuiding the tool or instrument used for delineation.  The hand guided
by the eye ean, however, only picture or draw what is seen from one
position at a time ; for were it otherwise, o distorted view of the object
would be the result, as its appearance to the oye from one point of view
would be different to that from any other,

All objeets are made visible to the sense of seeing by the agency
of fight, whether natural or artificial, for without light it would be
impossible to distinguish one object from another. To the artist or
dravghtsman, light is a stream of matter given off by a luminous
Lody, travelling from its source in thin straight lines—or rays—to
the objeet illumined, from which it is reflected or transmitted in the
same way to his eye. What is seen, or is apparent to his sense of sight,
he depicts or draws on his paper. If he changes his position with
respect to the illumined object, he sees it differently, and obtains a
different view of it; each such view, if corvectly drawn, is known
ns a “ perspeetive,” and would agree with that obtained in the following
manner.

In the diagram (Fig. 12) let HP represent a flat surface, such
as a picce of ground or a floor, exposed to sunlight, and VP a sheet
of glass set up on HP, in a vertical position, At any distance to
the leit of VP, and parallel to it, is erected a piece of fencing OO,
laving its top and bottom edges parallel to HP, and its side edges

12
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perpendicular to it. At a given distance to the right of VP, and
perpendicular to HF, a staff 8, surmiounted by a small rectangular
plate of any opaque material, and pierced with a sight-hole is fixed ;
the height of this sighthole from HP being supposed to equal
that of an ohserver’s ¢ye from the ground.  The sheet of glasy
VP hbeing transparent, it is evident that the spectator, on looking
through the sight-hole, will seo the whole of the piece of feneing,
and can judge of its appearance from the position occupied by his eye.
If he wish for a record of this appearance he can obtain it by drawing
on the glass what he sees through the sight-hole. The view he
would get would be a perspective of the original object 0O, or
the fence. But its contour or outline on the glass, although similar,
would bLe much smauller than its original. IHow much smaller,
would entively depend upon the distance between the eye at sight-
hole, the sheet of glass VP, and the fencing OO. Tt is evident that
the nearer VI is to 0O, the eye remaining in the same position, the
larger would be ity image or picture upon VP, and the converse of this
would obtain were the conditions reversed.

It will be seen from the dingram that the perspective view of the
original object is obtained by ﬁnéing where the luminous or visual rays
—represented by broken lines—proceeding from its principal points,
are intercepted on VP in their passage to the eye, and then joining
such points by right lines as in the original. Now, as these visual rays,
or *projectors,” are the means by which the view of the ebject is
projeeted or thrown on VP, such a view is called a *“projection,” and in
the special case we are considering a * perspective projection.”  In such
a delineation it is apparent that all rays proceeding from the visual
points in the object form a pyramid, the vertex of which is the point
where they meet in the eye; and from this fact it will at once be
seen that n perspective drawing of an object can serve no other -
practical purpose than that of showing its appearance when viewed
from a certain fixed position, for its boundary lines altering with
the altered position of the spectator, it is difficult to determine their
actual lengths, as they only bear a relative proportion to their ariginals.
As they cannot be measured with an ordinary rule or scale, it would
be impossible to construct a machine or erect a building from such
drawings. In perspective drawing, HIP in the dipgram is known as
the horizontel or growund plane, and VP the perspective or pucture plane,
which latter is always supposed to be transparent, although actually
represented by the artist’s sheet of drawing-paper or canvas.

9. As, then, a perspective, or freehand drawing, does not fulfil
the requirements of the workman, in that he cannot delermmine at sight
the actual form, dimensions, or arrangement of the piece of work he is
ealled upon to execute, some other method of delineation becomes u
necessity. This want is supplied in what ix generally known as a
“ mechanical drawing,” or a deawing obtained by the correet application
of the principles of a kind of projection called “orthographie,” whick
wives results differing widely from that already explained, in that it
affords a mecans of at once determining the actual form, size, and
disposition of every part of the object represented, and gives an adept
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in the application of its principles the power to commit to paper the
entive design of a inachine or engine, that will enable the engineer
or machinist to determine at sight whether the stationary and working
parts of one or the other are disposed in such a way as to meet the
requirements for which they were designed. In fact, a mechunical
drawing is the only efficient way of deseribing by means of Zinaes,
properly disposed according to fixed rules, the actual construction and
arrangement of a piece of mechanism.

As “orthographic” projection is the basis of mechanical and
engineering drawing, its difference as compared with perspective
projection mmust be understood before the study and applieation. of
ifs principles are entcred npon. An important consideration in
connection with either kind of projection is, that the bodies, or objects,
whose formns it is wished to depict on paper, are in all cases assumed
to be illumined by solar light, and have the power of reflecting or
throwing oft’ the light that is cast upon them. As the source of
light—or the sun—is at a comparatively infinite distance from all.
objects illumined by it, its rays will not sensibly diverge, or approach
each other, but may be regarded as exactly parallel among themselves.
Then if, instead of the rays from an illumined object being reflected
50 as to converge in the eyo—as in perspective projection—they be
conceived as travelling from the object in parallel lines, till intercepted
on a plane surface at right angles to themselves, and the points of
interception be joined by straight or curved lines, the represeniation
thus formed on that surface will be an ‘“orthographic” projection
of the original object. In this case the visual or projecting rays,
being always parallel to cach other and perpendicular to the surface
on which they are projected, form a prism; and it follows, that,
however far that surface is from the object, its representation remains
the same, and the projected length of all its lines parallel to that
surface will be of the same length as in the orginal, and therefore their
exact: dimensions can be at onee aseertained.

Tt will be understood from this explanation that instead of the eye
being stationary and viewing the object from one point alone, as in
perspective, it is in orthographic projection supposed to move in such,
a way as to be directly opposite to each of the principal points of the
object, the projecting rays from it being always perpendicular to the
plane on which its image is projected. It is manifest, however, that in
this way only one projection of an object is obtained; but as any
solid body has more than one dimension, it hecomes evident that more
than one view of it must be given before- its other dimensions can ba
ascertained. To this end it is usual to determine its groject-ions on
two planes, which are always at right angles to each other, and from
these correct and definite ideas as to its shape and dimensions may
at once be obtained. . .

10. To illustrate the foregoing diagrammatically, let HP (Fig. 13)
be a horizontal plane, and VP another plane at right angles or
perpendicular to HP. At any distance from VP, and in front of
it, a rod R is set up perpendicular to HP, supporting on its upper cnd
a bar T of rectangular section and a given length. Visual rays or
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projectors parallel among themselves and perpendicular to VP are
shown proceeding from the corners A, B, C, D, of the bar penetrating
VP in a, b, ¢, d. As the edges of the original object, or the
rectangular bar F, are all straight, it follows that if «, b, ¢, d on VP
be joined by straight lines, an orthographic projection of the face
A, B, C, D, of the bar will have heen obtained, which will, on
measurement, be found to be an exact counterpart of it. But this
projection only gives the lengti, and depth of the bar; and as it i
necessary to know its other dimension, or width, a view showing that
dimension must be obtained. Now it is evident that a view of the
bar, looking at it from above and in the direstion of the arrow, will
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supply the information required. TF, then, visual rays, or projectors,
proceed as before from the four corners of the face of the bar seen
from above, to the plane HP below, they will penetrate that plane at
the points «', ¥, ¢, f, and these points heing joined as before—as the
same conditions obtain—there is produced on HP an orthographic
projection of the top face of the bar which determines its width,
With these two projections, or views of the original, it will be seen that:
a workman could produce any number of such bars without the
assistance of o model or other guide. To distinguish the twe pro-
jections of the same object, the one obtained on VP is known as an
“elevation” or rertieal projection, and that obtained on HP is called
a “plan” or horizontal projection.



CHAPTER TI1I
PRACTICAL GEOMETRY AND MECHANICAL DRAWING

As it has been necessary, in explaining the difference between a
quechanical and a freehand or perspective drawing, to make use of
terms which pre-suppose o knowledge of geometry by the student which
he may not possess, and as it is advisable to take nothing for granted
in the exposition of our subject, it will be necessary at this stage to
define the meaning of the geometrical terms that will be made use
of as we proceed, and. to show/how, by a special combination of
lines, those geometrical figures arve constructed which form the
surfaces of objects whose delineations are subsequently to be obtained
by orthographie projection.

The term *geometry,” in its generally-aceépted sense, means the
seience or knowledge of magnitude reduced to system, and has to do
with the measurement of lines, surfaces, and solids. Tt has, like other
sciences, two sides or branches, one “ theoretical,” which demonstrates
or proves its principles, and the other #practical,” or that which
applics those prineiples to construction. Theoretical geometry, or
Kuelid, will seldom be referred to in the course of this work, as
most of the demomstrations used are self-evident; but practical
geometry—a sub-divison of which is the basis of our subject—must
be understood by the student to such an extent as will enable him
to work out the problems that will arise in the expusition of it.

The two parts into which practical geometry is divided are: Plune
geometry, which has reference only to the solution of questions relating
to points, lines, and figures, situated in one plane ; and solid geometry,
which shows by special representations on tiwe or more defined planes,
the relations of the points, lines, and surfaces of bodies having length,
breadth, and thickness.

We would, in passing, guard the student, on his entering on the
study of geometrical drawing, against wasting valuable time in
working out the problems—many of which will be of no use to
him—given in mest text-books on the iwo subjects of plane and
solid geometry, as all that is absolutely necessary for him to know
in connection with either will be explained to him as occasion arises.

As we cannot form a conception of the magnitude of any material

17 [
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objeet without reference to one or mare of its dimensions, and as cach
of these involves the idea of extension in some dircction, the word
length, or its representative, “a line,” would appear to be the first
term used in geowetry requiving definition, but as a e can have
no existence till it is generated or drawn, our first term must be that
of the generator, or “point.” We therefore define—

A point, as having no magnitude, that it is used to denote
“position” only, and is represented geometrically by o dot or mark
made by any pointed instrument, such as a pen, pencil, ete.

A line, as the path made by a point moving over a surface.
Tt may be straight, crooked, or curved, according to the divection in
which the point travels or moves,

A straight line, as the shortest path that can be made by a point
moving from one position to another, or the nearest distance between
two points, as the line A between points 1 and 2.

A crooked line, as the path of a point that has changed its direction
after moving in a straight line for a given distance—1 to 2,—as the
line B from 1 te 3.

A curved line, us the path of a point that continvally changes its
direction, ag the line C from 4 to 5.

Tf the path of a moving point changes in such a way as to enclose a
certain nmount of surface, then the enclosed surface is called a “ figure,”
and the path its boundary line, as in Fig. 14, where the *“point path”
from g, through b, ¢, d, defines the form of the figure.

f a point move continuously in such a way as to be always at a
given distance from some fived point, then the surface enclosed by the
‘“ point path"” becomes the figure called o “circle,” as the continuous
line ABC (Fig. 15), any point in which is equi-distant from D, which is
called its centre.

Tt is evident from the foregoing that two straight lines cannot enclose
a surface, or form a figuve, but that one such line in combination with
a curved or a crooked line will effect this, as shown.in Figs. 16 and 17,
where we have in one case a straight line and a crooked one, and in
the other a straight and a curved line, combined to form figures.

A surfuce is & magnitude that has extension in two directions only
—viz., lengthwise and crosswise. Its dimensions—with one or two
exceptions—are given as length and breadth.

A plane surface is one that a perfectly straight edge will touch
or coincide with if applied to it in any direction. A mathematical or
perfectly true plane does not exist—it can only be imagined.

DParallel straight lines are the point paths of two lines on a plane
uurfwc:lu ];-lmt are everywhere equi-distant from one another, as the lines
A and B. :

Converging straight lines are the point paths of two lines on a planc
surface, which, if continued, meet and cross each other as the lines C, D.
‘When the paths or lines ¢nciease their distance from each other as they
leave the meeting point, they are said to diverge.

An angle is formed when two straight lines meet each other in a
point, as D) meets I in d (Fig. 18). If the inclination of one line to
the other besuch that the angles are equal on both sides of the meeting
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20 FIRST PRINCITLES OF

point, then the angle formed by the lines D and F is a right angle. If
they are not equal, as in the meeting of E and F in d, then the smaller
of the two, or angle «, will be an weufe angle, and the larger, or angle b,
will be an obtuse angle.  And as the line D makes equal angles on both
sides of it with the Jine I, the two lines D and F are perpendicufar to
each other.

11. As apgles cannot be measured without a knowledge of the parts
and - divisions of the circle (Fig. 15), we must, before giving Iurther
definitions of plane figures, explain these. The boundary Jine ABC of
this figure is called its circumference.  Any straight line drawn through
D, its centre, and touching the circumference on both sides, is a diameter.
Half of such o line is called a radius. Any portion of the circum-
ference, such as from A to B, would be an are, and a straight line
joining A and B the ¢lord of that arc; the space enclosed by the are
AB and its chord is called a seyment, and that by the arc AC and the
two radii AD, CD, a sector. One quarter of the whole figure or cirele
is & guadrant, and one half of it a semi-cirele.  For the measurement of
angles, arcs, chords, cte., the circumference of every circle is supposed
to be divided into 360 equal parts called degress, which are indicated
when speaking of them by attaching a small circle to the right of the
number stated—as 30°, 60°, ete. (or 30 degrees, 60 degrees, ete.). A
quadrant, therefore, contains 90 degrees, and a semi-cirele 180 degrees.
The size of any angle is determined by the number of degrees contained
in the arc subtending the angle, described about the angular point d,
as a centre (Fig. 18). The complement of the angle a is the number of
degrees it is wanting to make it a right angle, and its supplement is the
number of degrees contained in the angle .

Circles are concentric when they have the same centre as in Fig. 19,
and eccentric when their centres ave different, as in Fig. 20.

A tangent 15 a siraight line which touches a circle or a curve in one
point, and when produced does not cut it, as in Fig. 2L

Tangent circles and tangent curves are those which touch each other
in one point, but do not cut as in Fig. 22,

The point of contact is that point where a tangent touches a circle
or a curve, or where two langent curves touch, as a in Fig, 22,

11a. In continuing our definitions of plane figuves, we take first
those constructed with the least number of straight lines that will
enclose a space, which is firee. Such figures are called trinngles or
three-angled, and are named according to the disposition of their sides
and quality of their angles,

An equilateral triangle has equal sides and equal angles, which are
all acute, as in Fig. 23.

An isosceles triangle has two sides equal and two of its angles always
acute, the third angle being acute or obtuse, dependent on the length of
its third side, as Figs. 24 and 25, the latter having one obtuse angleat a.

A right-angled triungle has one of its angles a right angle, the other
two being acute, as Fig. 26.

A scalene triangle has three unequal sides, as Fig. 27; an obtuse-
angled triangle has one obtuse angle, as Fig. 28; and an acute-angled
trinngle has all its angles acute,
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22 MECHANICAL AND ENGINEERING DRAWING

Of four-sided figures bounded by straight lines—

A square has all its sides equal, and its angles right angles, as in
Fag. 29. A rectangle has opposite sides pairs, and p'Lm]lel, and it
ungles right angles, as in Fig. 80. A parallelogram, ov rhomdboid, has
two pairs of paral]el sides, ns Fig. 31. A rhombus has all its sides
equal, two of its angles being acute, as Tig. 32. A trapezoid hus only
two sides parallel, as Fig. 33, A {rapesium is an irregular figure of
four sides, none of which are parallel, as Iig. 54.

A regular polygon is a figure having all its sides and ang]es equal.
One of five sides is a pentagon, as Fig. 35, One of six, a heragon, as
Fig. 36. One of eight sides, an octagon, as Fig. 37. An #rreyular
pa.l 'ygon is a figure whose sides and angles are unequa]

The centre of a polygon is a point that is cqui-distant from its sicles
and its angular points. A polygon is circumseribed when all its
angalar points touch a circle described about it, as in Fig. 38.

A circle is ¢nseribed in a polygon when its eircumference touches all
the sides of the polygon, as in Fig. 39.

O O

Fig. 39 Fig. 4o Fiy. 41

A right or straight-lined figuve is described about o cirele when all
the sides of the figure touch the circumference of the circle, as in Fig,
40 ; and a straight-lined figure is énseribod in another such figure when
the angular points of the inseribed figure are upon the s:des of the
figure in which it is inseribed, as in Fig. 41

A straight Hne joining the opposite angular points of any four-
sided figure is a diagonal. A square or a rectangle has its diagonals of
equal length, In a rhombus, rhomboid, trapezium, and trapezoid the
diagonals are unequal.

As an apprenticeship to any mechanical trade eannot be served in
a factory or workshop without ‘the apprentice, as he advances in know-
ledge and skill in it, being often called upon to line out his own work,
it is necessary that he should be able to draw any of the above-described
plane geometrical figures on the material he works in, with a straight-
edge, a seriber, and a pair of shop compasses, instead of the tee- und
set-squares, etc., of the draughtsman. With this fact in view, we shall
give in the solution of each of the following problems the simplest
pnmh]e method of construction, it being undesirable to burden the
memory of the student with the many ways of solving them to be
found in text-books.



CHAPTER IV
PLANE GEOMETRY PRODLEMS

12. As the lines forming the boundaries and determining the forms
of the plune geometrical figures previously described, have a certain
relative position, it is necessary, beforc attempting o construct the
fignres themselves, that we know how to draw geometrically, lines
having any defined relation to cach other. As this knowledge is
generally imparted in the form of problemis, with their solutions, we
shall adopt the same plan; but in explaining the constructions do
not confine ourselves to any orthodox method where a simpler one
may be used. The student will remember that in solving the sub-
sequent problems, only the tools mentioned in the last paragraph
of the previous chapter are to be used, as the assistance of either
a drawing-board or squares is inadmissible. As it is not always
possible to apply a rule or a scale to a line, when we wish to sub.divide
it into parts, our first problem js—

Problem 1 (Tig. 42).—To divide a given straight line inlo two equal
parts.

Now, if the given line is near the edge of the material on which it is
drawn, a different method of construction must he used to that which
would be possible if the line were some distancs jrom that edge. In
the former case proeeed as follows :—With a distance greater than half
the length of the given line AB, as a radius, and with A and I as
centres, describe arcs cutting each other in C, and "with a still larger
radius than before, and from the same centres describe ares cutting
each other in D ; then the point E, where o straight-edge laid exactly
on Cand D crosses the line AD, is the middie of the given line, and
divides it into two equal parts. Tn the latter case, with the distance
greater than half AB (which may be gauged by eye) as radius, and
frum A and B as centres, describe ares on both sides of the line AB,
cutting each other in C and F. Then the straight-edge applied to C and
F will give EE in AD as its point of section, dividing it into two parts
of equal length. . :

23
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Problem 2 (Fig. 43)—At a given potnt C, in a straight line, to erect
a perpendiculur.

Here the point may be near the middie of the line or near the end
of it. If the former, as at C, in the line AB, and if AB be near the
edge of the material, proceed as follows :—Set off from C, on either side
of ity equal distances, as CD, CE, and from D and E as centres, with a
radius greater than half the distance between D and E, draw arcs
cutting each other in ¥, then a line drawn through F and C will be
perpendicular to AB.  If the given point is near the end of the line
and the edge of the material, as A in BD (Iiig. 44), then from any
point g, above BD, and with a radius equal to @ A, describe an are
CAT, passing through A, and cutting BD inT. Draw a line from
T through a, and produce it till it cuts the arc in C. A line from C
through A will be perpendicular to BD» at A.

Problem 3 (Fig. 45).—From a given point 4, above a siraight line
BC, to let fall a perpendieniar to that line.

Here the point may be nearly over the middle, or over the end of
the given line. If in the first position, with any radius greater than
the distance from the point A to the line BBC, describe an are cutting
BCin D and E, and from points D and E as centres, with & radius
greater than half the distance between D and T, draw arcs cutting éach
other in @ and &, then a line drawn through the given point A and
the intersections of the arcs in @ and b will be the required perpen-
dicular. If the point is nearly over the end of the given line, as 6 in
Fig. 46 is over AB, from 4, draw a line intersecting AB in C, and
hisect it in 8; with SC as radius and S as centre, describe an arc
cutting AB in 1), join b and D, and the line will be perpendicular to
AB. The stadent will notice that the construction in the second cases
of Problems 2 and 3 is similar, This arises from the fact that the line
drawn to the given point has in each case to be at right angles to the
given line, and as the angle in a semi-cirele is always a right angle, the
problem is to draw a semi-circle that shall contain the three angular
points of a right-angled triangle, one of which is the given point in the
problem.

Problem 4 (Fig. 47).—To biscet {or divide into two equal parts) a given
angle.

When speaking of an angle, it is usual to name it by affixing either
a single letter at the angular point, or a letter to each of its lines and
the angular poing, the one denoting the latter being always the second,
In the problem, let BAC be the given angle. With any convenient
radius set off from A equal distances on BA and CA in the points D
and E, and from these points, with a radius greater thun half the
distance across from D to E, draw arcs intersecting in F; a line
through ¥ and A will bisect the angle BAC. This construction, it
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will be scen, is tantamount to bisecling a line from D to E, and
drawing a line through its bisection and point A, the only requisite
condition being that the two points D and E in the lines forming the
angle must be equi-distant from the angular point A.

Problem 5 (Fig. 48).—To draw a line parallel to a given line at & gicen
distance from il

Here it is evident that if from any two points C and 1) in the given
line AY, arcs be drawn, of a radius equal to the given distance the two
lines are to be apart, and a line EF be drawn tangent to those ares, then
the line EF will be parallel io the given line AB. This is the simplest
possible solution of the problem, involving the least work, hut requires
care in drawing the parallel line exactly tangent to the ares.  Another
solution, requiring much more work in the construction, is the following :
—At the points C and D, in line AB (Fig. 48), erect two perpendiculars
to AB, and set off on each of them from C and 1) the distance the
parallel lines are to bo apart. Through the two points obtained draw a
line, and it will be parallel {o the given line AT

Problem 6 (Fig. 49).—Through a point P, to dvaw a line parallsl to a
given line AL,

With P as a centre and any convenient radius, deseribe an are EC,
cutting the given line AB in C, and from C as a centre, with the same
radius, draw an are through P, cutting AB in D. Bet off the distance
PD on the are EC, and through P and E draw o line ; it will be paraliel
to the given line A B,

Froblem 7 (Fig. 50).—To draiw an angle equal to @ given angle 4.

This means that two lines are to be drawn having the same inclina-
tion to each other that two given lines have. We must therefore first
find the inclination of the given lines. To do this we have ouly to
draw on the given angle an arc of any convenient radiug, with A us
centre, such as BC. The length of its chord is the distance subtended
by the lines forming the angle at the radius AB or AC. 1, then, from
puint 4, in the line DE, and with & radius equal to AB, we describe
an arc de, and from c set off a distance on b¢ equal to the chord of the
are BC, then a line drawn through & and « will make the some angle
with DI that AB does with AC in the given angle, which solves the
problem.

Problem 8 (Fig. 51}.—?’0 draw a line making o given angls—say 60°
—uwith a given line,

The solution of this problem involves the relation that the radus of
any circle has to the chord of an arc which subtends an angle of 60° in
the circle. To eolve it, let AB be the given line, and C a point in it at
which it is desired to draw a line making an angle of 60° with AB.
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From C, as centre, and with a convenient radius, draw the are DE,
catting AB in E; from B with the same radivs eut DE in D, then a
line drawn through I and C will make an angle of 60° with the line
A, If the circle were completed with the same radius, it would be
found, on stepping the radius round it, that it exactly divides it into
six equal parts, and as every eircle for geometrical purposes (as before
explained) is divided into 360°, one-sixth of the cirele must contain 607,
or the angle which the two lines in the problem have to make with
each other. Knowing this specific relation subsisting between the
radius and the chord of an are of 60° of a circle, we are enabled to lay
down any angle with the assistance of a “scale of chords,” which will
be found on one of the set of drawing-scales previously 1 fed
To show its use, let us tule, for example—

Problem 9 (Fig. 32).—To draw a line, maling an angle of, say, 70°,
with @ yiven line at a given point {n it .
Tet AB be the given ling, and a the given point in it. From the
sero point, on the dartremd left of the seale of chovds, and with a radius
in the equal to the dist from that point to the one marked
fil—with t'lm arrow over it-—on the scale, draw with a, on the line AB
ns a centre, the are e, cutting AB in ¢, and from ¢ as a centre, with a
rudivg equal to 70° on the scale of chords, cut the are &z in p. A line
drawn through & and a will make, with the given line AB, an angle of
70%; and =0 with any other angle, always remembering that from zére
ta 66 on the senle of chords is the radius with which the first are in the
construetion is to be drawn. '




CHAPTER V
PLANE GEOMETRICAL FIGURES

18. It may be noted, before passing on to the construction of the
plane geometrical figures which form the surfaces of the plane solids
whose projections we shall next show how to obtuin, that as the angles
most generally chosen for the surfaces of mechanical details are those
which contain some multiple of 5° it is not necessary to use even a
scale of chords in laying them down on paper or other material, as most
of them can be obtained by simple geometrical construction, which has
fewer chances of error than even measuring from a scale. A few of
such angles are 15°, 30°, 45°, 60°, 75°, 120° !35“ ete., and are thug
obtained : For 50° bisect 607 ; for 15° lusect 30°; for 4 , bisect 907 ;
for 60° use radius; for 75° add 15° to 60°; for 120", mark off radius
twice ; for 135° take 45° from a semi-circle.  'With these simple con-
struetions committed to memory, and the use of a scale of chords for
any angle not easily obtained otherwise, the student will be able to lay
down any angle that may be required. "We may now proceed with the
construction of plane figures, taking first—

Problem 10 (Fig. 53).—¥% constiuct an equilateral (riangle on a given
base.

(Note: The base of any triangle is that side of it on which it stands ;
the verter, the point immediately over the base; and the altitude the
height of the vertex from the base) With the given base AB as a
radius, and from A and B as centres, describe arcs cutting cach other
in C, the vertex, join AC and BC, and the triangle is constructed, If
the altitude only be given as CD (Tig. 54): Then, as the sum of the
angles of any triangle are together equal to two right angles, or 180°,
and as the triangle required is equi-angular, the angle at its vertex will
Le one-third of I80% or 60°. To construct it, draw EF, GH through
C and D at right angles to CD, and from C, with any convenient
radius, describe a semi-circle cutting IIF in @ and c; with the same
radius, and from « and ¢ as centres, cut the semi-circle in d and ¢,
draw lines through Cd and Ce, and produce them to meet GIT in g and
h, then gCl is an equileteral triangle having an altitude CD.

- 28
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Problem 11 (Fig. 55).— T construct an isosceles triangle, the base AR
and une of the equal sides CD being given.

With CD as a radius, and from A and B as centres, draw arcs inter-
secting in a, join A and oB, and the triangle is construcbcd If the
base AB and the altitude ab are given (Fig. 56): Bisect the hase
ADB in &, and at & erect a psrpendlcnlar and mztke it equal to ab, join
aA and aB, then AaB is the required isosceles triangle.

Problem 12 (Fig. 57).—Tv construct a scalene triangle, the sides bei-rw
gicen.

Take the longest side AD for the base, and with the shortest as a
radius, and from B as a centre, describe an arc; then with the length
of the third side as radius, and from A as centne, cut the are described
from B in %, join b and A, and & and 13, then AJD is the required

triungle.

Problem 13 (Fig. 53).—To construet a square on a given line AB as
. aside

Erect at A a perpendicular to AD, and from it cut off AC equal to
AB; then from C and B as centres, and with AB as radius, draw
arcs intersecting ut D, join C and D and B and D, and the square is
constructed. If the given line be a diagonal and not a side: Bisect
the dingonal AB (Fig. 59} in 4, by a perpendicular §, g, ¢, and from a
set off ab ac, equal to ad, or ab, join Ab, &B, Bc, cA and the square
is constructed on the given dmﬂmml AB.

Problem 14 (Fig. 60).—To construct a rectangle, the length of two
adjacent sides being given.

Let the line AB be one of those sides. At A erect a perpendicular
to AB, and cut off from it in C, a length equal to the other given side ;
from B as centre, and with a radius equal to AC, draw an arc, and
from C as centre, with a radius equal to AB, draw another intersecting
the first in D, join CD and DB, and the required rectangle is con-
structed.

Problem 15 (Fig. 61).—7o construct a reciangle, a dingonal AL and
one side BC being given.

As the diagonal of a rectangle divides it into two right-angled
triangles, if it is made a diameter, and on it a cirele is described, the
circle will contain the two right-angled triangles which will form the
rectangle sought. Therefore, biscet the given diagonal AB in a, and
from a, with ¢ as radius, deseribe the circle ABCD; from B as n
centre, and with BC as radius, cut the circle in C, and from A, with
the same radius, cut it in D, join ACBD, and it is the required
rectangle.



MECHANICAL AND ENGIKEERING DRAWING 31

Problem 16 (Fig. 62).—7% construct a rhomlus, one of a pair of
opposite angles and length of a side being given.

Let AB be the length of given side, and C the given angle; at A
makc the angle BAD equal to angle C, and the side AD equal to AB;
from I3 and D) as centres, with AB as radius, draw ares interseeting in
E; join EB and ED, and ADED will be the required rhombus. If a
diagonal AB and length of a side AC be given (Fig. 63): Then, if from
A and B as centres, with a radius equal to AC, arcs be struck cutting
each other in C and D, and lines be drawn joining A and B to C an
D, the figure ACBD will be the required rhombus.

Problem 17 (Fig. 64).—70 consiruct a rhomboid, the lengths of two
adjacent sides and one of « pair of its opposite angles being given.

Tet AB be one {the longest) of the adjacent sides, and E one of
the opposite angles. At A make the angle CAD equal to the angle E,
and cut off AC ¢qual to the shorter adjucent side. From C, with AB
as radius, describe an are, and from B, with AC as radius, deseribe
another cutting the first in D, join ACDB, and it is the required
rhomboid. If a diagonal AB (Fig. 65) and the lengths of two adjacent
sides be given : Then, with the length of one of those sides as a radius,
and from A and B as centres, describe arcs on oppesite sides of AB,
and from the same centres, with the length of the other adjacent side
as radiug, deseribe arcs cutting those first drawn in C and D, join AC,
CB,BD,DA, and it will be the required rhomboid.

Problem 18 (Kig. 66).—Z0 construct a trapezium, the length of iis
sides and one of its angles being given,

Tet AB be the lase of the figure or side on which it stands, and C
the given angle. At A in AB make DAB equal to the angle C, and
let AD) equal the length of that side of the figure; with the length of
the opposite side as radius, and from B as centro, describe an are, and
from D as centre, with the length of the fourth side as radius, strike
an arc cutting the last in E, join ADEB, and the required trapezium is
constructed.

14. In the construction of the preceding plane figures, the lengths
of one or more of Lheir sides, with their relation to each othcr, are
previously known or determined by the given problem. In the case of
a regular polygon, the data generally given are its &ind, and the length
of a side, or a given cirele within which it is to be inseribed. 'The
ordinary soletion in such eases involves the remembering of certain
specific constructions which are liable to be forgotien when most
needed. All that is absolutely required to be known for tho con-
struction of any regular polygon, is the relative position of any two of
its adjacent sides, and in certain cases the length of one of them.

The relative position, or, in other words, the angles made by any
two adjacent sides of a regular polygon, are easily determined. The
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exterior angle, or that formed by one side with the other produced, is
always equal to 360° divided by the number of the sides of the polygon,
and the ¢nterior angle, or that formed by the meeting of the twe
adjacent sides, is 180" minus the exterior angle. The angle at the
centre {or central angle) of a regular polygon is equal to the exterior
angle. With these simple facts committed to memory, the student or
apprentice can, with a sealo of chords—now generally found on ail
pocket rules,—lay down at once on his work any regular pelygon
having either an odd or an even number of sides. To apply these facts
we will tako—

Problem 19 (Fig. 67).—To construct a regulur pentagon with a given
length of side.

Here 360" + 5 equals 72° the exterior angle; and 180" = 72° =
108°, the interior. Let AB be the given side, produce it (say to the
left) at A, draw the line AC, making an angle of 72° with AP produced,
and of a length equal to ARB; biseet AB and AC by perpendiculars
intersecting in 8, then S is the centre of the circumseribing circle.
Descrilie it, and from C, with AB as a distance, set off on it the points
D, K, join CD, DE, EB, and ACDED is the required pentagon.

If the pentagon has to be inserifed in a given circle, then from its
centre—which will be the centre of the pentagon—draw any radius
as SA (Tig. 07) at 8, draw a line making with SA an angle of 72°,
and eutting the civele in B, join A and B, then AB is one side of the
required pentagon; set off the distance AD from A or I3 round the
cirele, and it will give points C, D, E; join ACDEB, and the pentagon
is constructed in the given cirele.

Problem 20 (Fig. 68).—To construct @ regular heragon with a given
lengtl of side,

Here 360° + 6 equals 60°, and 180° — 60° = 120°. Let AB la
the given side, produce it, and draw AC, making with AB produced
an angle of 60°; make AC equal to AJ3, bisect them by perpendiculars
intersecting in S, which is the centre of the circumscribing cirele ;
describo it, and set off the distance AB round it from C, in points
D, E, F, join CD, DE, EF, FB, and the required hexagon is constructed.
If a hexméon has to be fnseribed in a given circle, the central angle
will he 60%; this angle laid down with the centre of the cirele as the
angular point will give A, B (Fiz 68), points in the circle, and the
line joining them will be a side of the hexagon ; step this length round
the circle in points C, D, E, T, join AC, CD, ete,, and the required
hexagon is inseribed in the given circle. As the side of a hexagon is
the chord of an arc of 60°, and is equal to the radins of the ciccumseribing
circle, that radius set off round the cirele will divide it into six equal
parts, and if the points of division be joined by right lines they would
form the inseribed hexagon as before.



MECHANICAL AND ENGINEERING .DRA\\'I.\’G

33



34 MECHANICAL AND ENGINEERING DRAWING

Problem 21 (Fig. 69).—70 construet « rveyular octagon, with o given
length of side.

Here 360° + 8 = 45°; and 180" - 457 = 135°. Let AB be the
given side. Produce it in both directions, and at A and B draw liney
AE, BF, of the same length as AB, and making with AB produced
angles of 45°; bisect the angles formed at A and B, and their inter-
section at 8 will be the eentre of the circumseribing cirele.  With 8A
or SB as rading, deseribe this cirvele, step AB round it from E to F in
the points 1, 2, 3, 4; join E 1, 2, 3, 4 I, and the requived octagon is
construeted,  To inscribe an octagon in & given cirele : Draw two radii
(TFig. 69) at an angle of 45° to each other, and they will eut the cirele
in points A and B; jein AB, and it will be a side of the vetagon., Itz
length stept round the cirele will give the same points as in the previons
a?m{truct&an 3 juin them, and an octagon will be inscribed in the given
cirele.

15. The same principle of consirunction as used in the last three
problems is applicable to any regular polygon, whatever may be the
number of its sides; but in practiec it is preferable to subdivide the
sides of those we have given—if the division will give the required
number of sides—than to lay down an independent construction, tho
chuances of nof obtaining the exact length of the side of the polygon
required increasing as the number of sides incresse. On paper, and
with the assistance of tee- and set-squares, many of the figures already
given can, of course, be easily and quickly constructed ; but, as before
observed, the ability to draw them withowt such aids is absolutely
essential, when we consider the calls often made upon the workman
for the practical application of such knowledge,

As figures, or solids, having more than eight sides or plane surfaces
are seldom met with in mechanieul construction, and as those we have
given include all that form the surfaces of the plane solids intended to
be used as objeets for projection, we shall now proceed to show how
their projections are obtained.



CHAPTER VI
ORTHOGRAPHIC PROJECTION

16. A canerul study of the preceding chapters, and the solution
of the problems coutained in the two last, will have prepared the
student for entering upon that more important part of our subjct—
viz, “Orthographic Projection,” or that special kind of delineation
which, when applied to the representation of mechanieal subjeets, en-
ubles the engineer or machinist to determine at sight the actual dimen-
sions and arrangement of any part of an engine or machine. As, how-
ever, a part of a picee of mechauism is but a compound of simple forms
made up of what are known as plane solids and solids of revolution—
along or combined—it is at once manifest that to be able to draw any
part of a machine, the would-be draughtsman must first master the
delincation of its component parts, and as these resolve themselves into
solids, with either plane or curved surfaces, having straight or eurved
lines for their boundaries, the question of their ultimate accurate
representation as a whole becomes one of the correct projection in the
first stage of the study, of the lines bounding the surfuces of solids;
and ag straight lines and fat surfaces are more easy of projection than
curved ones, we commence this part of the subject by an illustration of
its principles in the projection of points, stzaight lines, and the simple
figures which form the surfaces of those plane solids used in giving
shape to machine and engine details.

By a reference to the latter part of Chapter IL, it will be noted
that to obtain the views of an object required for the purposes of
manufacture its. projections are determined on two planes, at right
ml-r]os to each other—that is, their relative positions are as shown in
1*1g 13; that lettered VP being a plane assumed to be vertical, and
the other 1IP a horizontal plane perpendicular to VP. These two
planes arc called the vertical and lorizontel “plancs of projection,”
und will throughout the exposition of the subject of *projection” be
denoted by the letters VP and 1P,

17. The student should he particular to note the preeise difference
of meaning cxisting between & “vertical ” line or plune and one that is
“perpend]cular One line or plane may be perpendicular to another
line or plane, and yet neither of themn be vertical. A vertical line is

35
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plunl line, or the position a weighied line assumies when freely
suspended. A lorizontal line is one which is parallel te the hovizon,
and, therefore, perpendicular to a vertical one. A “vertical plane,”
then, is one with which a plumb line will coincide, and similarly a
“horizontal plane” is one parallel to the earth’s surface taken as a
plane, and is ab right angles to the vertical,

A plane, strictly defined, is nothing more than a perfectly flat < sur-
face,” without any reference to substance; but as it eannot be dealt
with for explanatory purposes without being assumed to be material
and inflexible, it will, when spoken of, or used for that purpose in this
work, be considered as having such a thickness as would lLe repre-
sented by a line. Assuming this, the edge view of a plane will, under
any circumstance of position, be a perfectly straight line. Ti, then, two

lenes infersect or meet each other at an angle, as the “planes of pro-
Jection " we are about to deal with do, their meeting will be in a line,
which forms a boundary or dividing line between them, and is called
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the “intersecting line” of the planes. This line will throughout the
subject have IL for its distingunisking letters.

Knowing, then, the true relative position of the “plmes of pro-
jection ” on which we wish to obtain the representations of an object,
we will first proceed to find the projections of a “straight line” in
different positions with respect to those planes. et its position at
first be perpendicular to the Q'P

Here, as the thing to be projected is a “line " having ends or points,
before we can obtain its projections we must first know how to finl
those of a “point.” Let, then, A on the left in the diagram Fig. 70 be
& point in space, such as a small bead invisibly suspended, and let it
be required to find ils vertical and horizontal projections—that is, ity
projections on the VP and HP,

To obtain these, we have to find the points in the VP and HP
where a visual ray or projector perpendicular to each of the planes, and
drawn through A, would penetrute them. This, it will be seen in the
diagram, is in @ iu the VP, and o in the HP, and therefore they are
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the required projeclions, @ being an elevation or vertical projection of
A, and a’ its plan or horizonial projection. If it were required to find
Jrom its projections the positien of the original point A with respect to
the VP and HP, then perpendiculars to those planes let fall from its
projections a and &' would intersect in A, giving it as the position of
the original point.

Knowing how to obtain the projections of a point, we shall now ke
able to find the projections of a straight line.

1st. Lat the line AB (Fig. 70) le perpendicular to the VP.

Here AB being perpendicular to the VP, will be parallel to the
HY; therefore, from its position with respect to the VP, its projee-
tion on that plane will become a point a, as the eye being divectly
opposite the end of it, the visual ray or projector proceeding from the
eye will travel along the line itself, coinciding with it, and penetrate
the VP in «, then @ is the “elevation” of the line AB. To find its
“plan” or projection on the P, let fall projectors perpendicular io
the HP from both ends of AB, and the points o' 4, where these pro-
jectors penetrate the P, will be projections of the ends A and B of
the line AB, and if ' b be joined, then e'b will be the plan or hori-
zontal projection of the original line.

Ind. Let CD (Fig. 70) be the given line, and let it be perpendicular
fo the 1P, and its projections requived.

In this case CD is parallel to the VP, and its projection on that
plane will be ohtained by letting fall from C, I) its ends, projectors to
the VI, and the poinis ¢ d, where these fall on that plane, will be the
vertical projections of C and D init; then, if ¢ and ¢ be joined, ¢ d
is the elevation of the line CD. As the given line is perpendicular
to the HP, its plan will be a point obtained by producing a visual ray
%a;ni.ng zt'-hmugh and coinciding with CD itself, until it penetrates the

ind.

3rd. Let BF be the given line (Fig. 70), and let it be parallel to both the
VP and the IIP, and its projections required.

Here EF being parallel to hoth planes, by letting fall projectors
from B and F to the VP, we obtain peints ¢ and f; and to the HP
peints ¢ and 77, then ¢f and &7 being joined will be the required
projections. It will be noted heve that the projections of the original
line EF are two lines of the same length as their original. This is
owing to the relative positions of the original line, and the plines on
which its projections were requived. Had the line been in any other
position with respect (o those planes, o different vesult would have been
obtained, as will be seen by the following problem,
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dth. Let GIT be the given line, and let it be parallel to the VI, but inclined
to the I[P, and ils projections vequired.

Here GII being parallel to the VI, itx vertical projection or eleva-
tion is found by letting fall projectors from G and H to the VP, giving
poinis g and A, which, when joined, will be a line of the same
length as GH; but its horizontal projection, obtained hy letting fall
projectors from the same points G and H on to the HP, giving '%, will
he found to he projected into g'4', & much shorter line than its original.

The dingram Fig. 70, the student must note, is drawn in what is
known a3 “quasi-perspective,” and s adopted as a simple and ready
means of showing the two planes of projection in their relative positions,
and the positions of the lines given in the foregoing problems in relation
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to those planes. It is in no sense an orthographic projection diagram,
although used to explain the application of the principles of that kind
of prgjccti(m.

17. To convert the actual relative positions of the two planes of
projection, as shown in the diagram Fig. 70, into the positions they
oceupy on the sheet of drawingpaper when laid on his board, the
student has to suppose the “upper” plane, or that we have named the
VP, turned backwards on the 11 (intersecting line) as a hinge, until it
is on the same level with the “lower ” one or the HP, the two planes
thus beeoming one flat surface, asin Fig. 71, with the TL dividing them,
and the plans and clevations of the lines in the problems shown on them
as obiained by projection.

. Assuming that the student has found no dificulty in understanding
the explanations alveady given of the way in which the projections of a
line when it js in either of the suggested positions, with respect to the
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planes of projection, are obtained, there are yet two other positions
that a line may oceupy with respect to those planes, whose projections
we must know how to find before we can procecd with the projection of
plane figures.  One of those positions is that of a line inclined to both
the VP and the HP. We have shown, in Figs. 70 and 71, that if a
line be parallel to one plane and inelined to the other, its projection on
the plane to which it is parallel will be a line cqual in length to the
original, and on the one (o which it is inclined its projected length will
depend upon the angle the given line makes with its plane of projection,
This will be mads still cleaver by the demonstration of the problem
whepe—

Stk A line AB is inclined to both the V.P and HP (Fiy. 7.2), and its jro-
Jeetions are vequired.

Let the given line at fivst be parallel to the VP, and perpendicular
to the HP. 1In this position its projeetion on the HP will be o poins,
as a, and on the VP a line AB, at right angles to the IL. While
leeping AR paralle] to the VP, conceive it to awing round to the right
on A as a joint, until it makes any desired angle with the I1:; or say
unlil B has moved into the position &, its elevation dA. in this position
is a line inelined to the 1L, of the same length as AB, but its plan,
obtained by letling fall from & & projector perpendicular to the HP, or
IL, in ¢, gives ac as its projection on the HP, or a line less than half
the length of its original. Tt is evident from this that the projected
enggth of a line is entirely dopondent upon its angle with the plane of
its projection, for if the motion of the line AB in this case were con-
tinued until it cojncided with the IL, its projected length ad, and its
original length AB, would then hecome equal.

Bub so far the given line is only inclined, as at Ab, o one of the
planes of projection, the HP ; for although we have moved it from its
assumed first position—that is, perpendienlar to tho HP—to that of
making an angle 8AD with it, it is still pavallel to the VP. Lot it also
be inclined to that plane, say 45°% TFor distinetness, let C be a new
position of A on the IL ; at C draw C¢, at an angle of 45° with the 1L
and equal to ac, or the prujected length of Ab in the HY ; then. C¢ will
be a plan of Ad when at 45° to the VP, and at the angle sAD with the
HY. To obtain ils elevation, draw from ¢ a projector perpendicular to
the IL, and from & another parallel to it, to eut the one from ¢ in p, join
C and p, and the line Cp will be the elevation of the original line AB,
inelined to both planes of projection, Fere it will be noticed that the
original linc AB, in addition {o its having been moved on A as a joint
from B to b, has also, while making the angle bAd with the HP, been
swung round on A through 45°

Now to make this maiter of the projection of inclined lines still
more clear, as much depends on the student having a thorough grasp of
this first part of the subject. - We will assume that the two projections,
Cp in the VP, and Ct in the HP, are given, and it is required to find the
real fength of the line of which they ave the projections.

Here the line Ct¢ is the plan or horizontal projection of the line Cp,



40 FIRST PRINCIPLES OF

the latter being a line having ens of its ends C, in the HP, and the other
end p a given distance abore that plane.  Cp is also the projected length
of the hypothenuse (or longest side} of a mght-angled triangle, having
Ct for its base, and a line equal to the vertical height of » from the HP
for its perpendicular, With these two sides given, we can find the third
side, or tho actual line of which Cp is the projection. Therefore, at fin
the line Ct, and perpendicular to it, draw a line indefinitely, and from it
cut off in %, a length th equal to the height that p in the line Cp is above
the HP or IL, join C and % ; then Ck is the real length of the original
line, of which Cp und Ct are its projections. This is self-evident, for if
the right-angled triangle Ctk, which may be assumet to be lying on the
H P, with its base line coinciding with Ct, be ruised to a vertical position,
moving on Ct as a hinge, its base and hypothenuse will then be coincident
with Cf, and its third side Af iy a vertical line perpendicular to the HP
represented by the point ¢

A"
2__ P
‘\\ _________

1N
| A"
| \
1 \
1 \

A ! 7
o

A e iz

The other position a line may have, with respect to the planes of its
projection, is that of being parallel to the HY, but making an angle with
the VP. Putting this in the form of a problem, we will say-—

6th, Let a given line be parallel to the P, but inclined to the VP, and its
projections required.

Tn this case, let the given line at first be perpendicular to the VI
its elevation when in that position in the VP will be a point as 2, and
its plan a line KF at right angles to the TI..  But as X I¥is perpendicular
to the VP it is parallel to the TIP. While keeping it so, let it be eon-
ceived to swing on its end F as a joint in its direction of the nrrow,
until it makes any desired angle with the VP or IL, or until, sy, K
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hag moved into the position f; its elevation in that position is found by
drawing a projector through £, perpendicular to the IL, and a line
through e paraliel to it to cut the projector from /in g, then the line ey
is the vertical projection of EF when making the anglo LEf with the
VP. Here it 1s again seen that the projected lengtll of a line, although
parallel to one of its planes of projoction, is determined on the other

lane by the amount of its inclination to that plane ; for had the given
Enc EF in this case beon moved through any groater or loss angle than
the one assumed in the diagram, its projected length in the VP would
have been greator or less than eg, directly in proportion to its altered
position with respect to the VP. If EI had been swung so far round
on F until it had coincided with Iy, then its projection in the VI’
would be eg’, or a line equal in longth to the given line EF.

18. In the foregoing problems in this chapter, we have given all the
positions which it is possible for a line to occupy with reference to its
planes of projection, and we could at once proceed to the projection of
plane figures, were it not necessary ab this stage that the student should
thoroughly understand the true significance of the line lettered IL in
previous and all future diagrams throughout this work.

This line, we have already shown, is the line of intersection of the
two “planes of projection”; but it is much more than this. The VP
and HP, being for all the future purposes of the student draughtsman

resented by the ene flat surface of his sheet of paper, with the TL
elt er shown on it or assumed to ho there, dividing its surface into two
planes, it becomes—when shown ir on a drawing or explanatory diagram
—at one and the same time the rcprcseniativc, not only of the IL, but
of the VP and HY as woll, for it is a plan of the VP and an elevation of
the HP, and as these it is & dafum line from which heights adove the
HP, or distances from the VP, may be measured or set off.

"These facts, it will bo scen, are verified by a reference to Fig., 72.
Here the ILis for all the figures, a plan of the VP, showing the lino Ab
by its plan fo be parallel to the VP, and in front of it, at a distance
equal to Aa. Similarly C, the lower end of the line Op, is shown
touching the VP, while its upper end p, prc-]ectcd into # in the HP,
stands out from the VP o distance cqual to #', and above the HP o
height equal to ¢#p.  Then again Fe is the helgllt of the lino EF above
the HP, theend F touching the VI in ¢, and the end E being a distance
cqual to EF from the VP when in the first position, and a distance equal
§o /T when in the second.  In the two last cases, it will be seen that the
ILis a plan of the VP and an clevation of the HP. With the foregoing
explanation of the projection of lines thoroughly digested, the student
should have no difficulty in finding the projection of plane figures, to
which we now proceed.



CHAPTER VIT
PROJECTION OF PLANE FIGURES

19. Kxowixns how to find the projections of a line huving any given
position with respect to the planes of its projection, we ean now proceed
to the projection of those straight-sided plane figures which form the
surfaces of the solids used in giving shape to machine details. As the
same principles apply to the projection of all plane figures, whether their
silles are few or many, it is only necessary that their application should
here be shown in the case of one of each class of figure chosen. Com-
nmeneing with that ficure having the least number of sides—the triangle
—we shall give as additional subjeets for projection the square, rectangle,
pentagon, and hexagon, or those which usually form the sides and ends
of the plane solids we have hefore referved to.  Our fiest problem in thiy
subject in—

Problem 22 (Fig. 73).—7he line ac is the plan of an equilateral
trtangle, with tts base resting on the I P, and parallel to the VI ; +t
ts vequired to find its elevation or verticel projection.

Here, as the base of the triangle is parallel to the VP and ita
plan is represented by a ling, the triangle itself is parallel to the VP,
and therefore perpendicular to the HP. To find its elevation, through
a and ¢ draw projectors perpendicalar to the IL, cutting it in A and C;
through A and C with the 60° set-square dreaw lines intersecting in B,
join A, C, and the figure ABC is the required vertical projection of the
triangle of which the line @ ¢ is the plan.  The projection, it will be scen,
is an eguilateral triangle, for all the sides of the trinngle heing by the
conditions of the problem parallel to the VP, they are projected on that
plane into lines of the same length,

Problem 23 (Fig. 74).—To find the elevation of the iriangle obtained
in the previous problem when it 18 inclined 437 to the TP, dts plan
Leing the line a ¢, as before.

Here the IT, may be considered as a plap of the VP, If we draw
a line (with the 457 set-square) of a length equal to « e, at an angle of
42
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45° with the TI,, that line will be a plan of the triangle ABC when at
that angle with the VP. Bisect ac in &, through & draw a projector
perpendicular to the TI, and from B, in Fig. 73, another parallel to it,
cuiting the one drawn from&in#’. Then, from « and ¢ draw projectors
to the 1L, cutting it in «' and ¢, join &'¥, a'e, ¢'d’; the figure a'd'e’ is
the required elevation of the given triangle inclined 45° to the VP. In
this case it will be noticed that the elevation obtained is an dsosceles
triangle, resulting from the altered position of its original with respeet
to the VP, the plane of its projection. The line ae is bisected in b to
find the plan of the vertex B of the iriangle ABC, Fig. 73; and the
vertical projector through this bisection & determines, by its intersection
with a parallel one through 1, the clevation ¥ of the vertex in its new
position,

Problem 24 (Fig. 76).—%%e line a ¢ is the elevation of an equilateral
triangle having s base touching the VP and parallel to the I[P ; to
Jind its plan or horizontal projection.

The position of the original figure, of which the line a ¢ is the eleva-
tion, is in this case the converse of that in Fig. T3. llere « ¢ being a
line in the VP parallel to the TT, the triangle whose projection it is
must be parallel to the HP. To obtain its plan let fall from « and ¢,
its onds, projectors perpendicular 1o the LI, cutting it in A and C, and
through AC with the 60° sct-square draw lines intersecting in B, then
tllm figure ABC is the required plan of the triangle of which « ¢ is the
clevation,

Problem 25 (Fig. T6).—7et the lriangle obtnined in the lust problem
be tnolinad to the I[P at 45", its base resting on that plane et right
angles to the VI, and one angudar point touching the VP ; to find
ity projections tn that position.

Assume the position of the triangle at first to bo perpendicular to
hoth the VP and HP; its elevation will then be a line perpendicular to
the 1L, equal to the altitude of the triangle, as Cp; and its plan, a line
AQ, also perpendicular to the IL and equal to the base of the triangle.
Tf, then, the triangle be moved on AC as a hinge (to the right) through
45°% its elevation at that angle is found by drawing—with the 45° set-
square—through C a line CB equal to Cp.  To find the plan, hiseet AC
in @, and through & draw a line parallel to the TL: les fall from B a
projector perpendicular to the IL to cut the line drawn through a in f,
join Cb and Ab, and the figure CAd is the projection of the triangle
ABC (Fig. 75) when inclined at 45° to the IIP.

Problem 26 (¥ig. TV).—Given a straight line & ¢ parallel to the IL as
the plan of a sqware vesting with ene of its sides on the HP ; to find
tls elevaiion.

_ The plan of the square being a line parallel to the IL, the square
itself will be parallel to the VP and perpendicular to the HP; there-
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fore, from & and ¢ draw projectors perpendicular to the IL, cutting it
in A and D; set off on one of them a distance AB equal to be in the
plan, and through B draw BC parallel to the IL; join AD, and the
{'l"gurf ADBCD is the required elevation of the square whose plan is tho
ined e

Problem 27 (Fig. 78).—To find the elsvation of the squuve obtained in
the last problem when it is inclined af 30° to the VP, its plan being a
line b ¢, as before.

Draw in the HP (with the 60° set-square) a line  c—the plan of
the syuare—making an angle of 30° with the IL; and from § and ¢
druw projectors cutting the IL in o’ and &, make o'’ equal to be, and
through &' draw 5’ paralle] to o'e, then the figure a'8'¢'d’ 3= the elevation
required.

Problem 28 (Fig. 79).—A square with one of its sides touching the
VI is reprresented in elevation by a line be pavallel to the IL ; to find
its plan. ’

From & and ¢ let fall projectors perpendicular to the IL; make AB
equal to be, and :throngh B draw BC parallel to the IL, join ABCD,
and jt is the required plan of the square,

Problom 29 (Fig. 30).—%e squave ABCD obtained in the last prob-
lene i3 inclined at 60° and 30° to the HP, with one of its sides
touching the VP end an adjacent side the P ; to find its plan
and elevation in those positions.

At B in the IT, draw BC, BC' (both equal to AB) with the 60° set-
squarc, making angles of 60° and 30° with the IL; then BC, BC' are
the required clevations of the square at those angles. ¥rom Bdd', draw
DA, de, d'¢’, perpendicular to the 1T, and each cqual to BC; and Aco’
parallel to it; then BAed; BA¢W are the plans of the given square
when inelined at 60° and 30° to the HP. The projections of the rect-
angle are not given, as the method of obtaining them is in all respects
the same as that for the square, but allowing for the difference of length
of adjacent sides.

20. The method of obtaining the projections of a pentagon and
hexagon in different positions wilh respect to the VP and HP is fully
shown in Migs, 81—88, and will not need cxplanation further than to
say that the elevations in Figs, 81 and 85—shown with reference letters
in capitals—must be drawn jfirst, according to the construction .I."Il]t‘{!
given in Problems 19 and 20, before their plans can be found ; in oll
other respects the procedure is the same as in the previous figurcs.

Lo muke himself thoroughly conversant with the application of the
principles of projection to the delincation of plane figures, which it iy
most important he should be hefore passing on to the projection of
solids, the student should draw all the foregoing plane figures at least
twice, making them three times the size herc given.
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CHAPTER VIII
THE PROJECTION OF SOLLDS

21. AssunmiNa that the student has followed the advice given in the
last paragraph of Chapter VIL, and thoroughly mastered the elementary
principles of projection which we have expounded in it and Chapter
VI, we can now proceed to apply those principles to the delineation
of the simple geometrical solids of which engine and machine details
are invariably made up. These solids are of two kinds— viz, plane,
and circular or curved. The first-named have all their surfaces plane
figures, the projections of which the student already knows lLow to
obtain, and the second includes all solids whose bounding surfaces are
all curved, or plane and curved combined. What are known as the
simple solids are the ecube, the prism, the pyramid, the eylinder, the
cone, and the sphere, the fivst three being plane solids, and the others
eireular or curved solids.

/
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A cube (Fig. 89) is o solid having six equal sides or faces, all of
them squares.

A grrigm (Fig. 90) has two ends or bases parallel to each other, each
Lieing equal and similar figures; its sides are rectangles,

A pyramid (Fig. 91) has one base, its sides being triangles, with
their vertices meeting in one point a, called the apex of the pyramid.
{As it is advisable for the student to confine himself for the present o
the study of the projection of plane solids, we defer any consideration
of the circular ones until after the projection of curved fines in any
position is understood by him.)
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Regudar prisms and pyramids have “regular” figures for their
bases.

The aris of a prism, or pyramid, is an imaginary line joining the
centres of the bases of the former, and the centre of the huse and the
apex of the latter, as the dotted lines AA in Figs. 90 and 91.

A right prism, or pyramid, has its axis perpendicular to its base, as
Figs. 90 and 91, If its axis is inclined to its base, the prism or pyramid
is obligue, as in Figs. 92 and 93.

A truncated pyrawmid, or prism, is the part of the solid left when its
upper part is cut away by a plane, and is called a firustum.  The cutting
piu.na may be either parallel or inclined to the base of a pyramid, but
only inclined to the bases of a prism. In Figs. 94 and 95, A and B
are frustums.

Ty, O3 Fig. 94 Fiy. 95

As all the sides of a prisin are parallel to its axis, the edges of the
sides connecting its bases are perpendicular to the bases in a “right”
prism, and inclined to them in an “oblique” one,

Ina right pyramid all iis sides are isosceles triangles, and its axis is
perpendicular to its base. If the hase is a regular figure and the axiy
perpendicular to it, the sides of the pyramid will all be equal and
similar icosceles triangles, but if the axis be inclined to the base, then
the sides become unequal triangles and the pyramid an oblique one,

Both prisms and pyramids are named accovding to the figures of
their bases. If the base is a triangle, square, pentagon, hexagon, or
octagon, then the solid becomes a triangular, square, pentagonal, hexa-
gonal, or octagonal pyramid or prism, ss the case may be,

There are other plane solids, such as the tetrahedron, octahedron,
ete., ete., but such forms are seldom adopted by the engineer or machinist
in his constructions. Their special features may, however, be studiced
to advantage by the student draughtsman in his spare time,

22. The working out of the problems in Chapter VIL will havo
shown how the projections of the figures chosen are obtained, and as
they form the swrfuces of the solids used in giving shape to machine
details, our next step is to show how to obtain the projections of such
solids in any given position. Now, as a sketeh is often a much more
satisfactory means of explaining u method of procedure than many
words, we give in Fig. 96 a perspective view of the planes of projection,
und the construction or working lines, showing how the plans and
elevations of a few simple objects (all bounded by plune surfaces) are
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obtained, which will, we think, materially assist the student in his study
of the application of the principles involved. The objects chosen for
the illustration of these principles are simple prismatic xolids, or a com-
bination of such, and only require for the comprehension of the method
of their projection, such a knowledgo of prineiples as the student—from
what has gone before—should have now acquired.

The diagram is so plain that it hardly roquives cxplanation ; but as
it is important that the procedure in obtaining the prejections should
be thoroughly understood, we will at the risk of repetition endeavour to
make it, if possible, still more intelligible. The constructions to the
feft of the dingram are a repetition of the three first problems in Fig.
70, but show more fully, by means of the arrows, the direction of the
projectors or wisual rays with respect to the VP and HFP. After the
very full explanation given in Chapter V1. of the way of cbtaining the
projections of a straight line in any position, nothing more need he said
in reference to it here than that the positions of the lines given in those
problems are the positions of the edges —which are all straight lines—
of the prismatic solids given in the diagram as the subjects for
projection.

The first solid, whose projections in the VP and IIP of the
diagram are figured 1, 1, s that of o right prism (of any material
substance—say wood); its Dases or ends are rectangles, square with
its sides, and its position with respect to the planes of projection is
such, that its sides are perpendicular and its ends parallel to the VP,
its upper and under sides are parallel to the HP, while its other
lwo sides are perpendieular to it; its ends being parallel to the
VI are also perpendicular to the IIP. As the sides and ends of
the solid are plane rectangular surfaces, and in known position with
respect to the VP and HP, their projections on those planes ave
obtained in the same way as those of any plane fixures of the same
form, and in the same position.

23. At this stage in our subject it will have become apparent
to the would-be draughtsman that he must either be possessed of a
perfect knowledgo of the forms of the solids he is attempting to
delincate, or have models of themn to guide him in his delineations;
in other words, he must have either a truo conception or a possession
of the ohject he wishes to draw, for it-is evident from the diagram
we are procewling to explain, that without a model of the object to
bo delineated, or its coneeived counterpart, neither plan nor elevation
of it could be obtained. This is one great reason why an earnest
student of mechanical drawing should ai this stage in his study
possess himself of a convenient set of models of the solids enumerated
in a previous paragraph, for no greater mistake can bo made in the
study of the “projection of solids” than that,of making a servile
copy of any diagram or drawing to e found in text-books on this
subject. With this slight digression—which bas heen necessary in
the interest of students of projection—we proeced with the explanation
of our diagram.

The form and dimensions of the solid having bheen predetermined,
and its position with respect to the VI and P known, its

K
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projections—plan and elevation—are obtained as shown. Projectors,
or visual rays (shown by the dotted lines in the digram), wre let
fall perpendicularly, as shown by the arcows, from the principal points
in the object—-which are the ends of the lines or edges bounding
it—upon the VP and HP. The points on these planes where
the projectors fall ave cach the plan, or elevation, as the case mnay
be, of the original line end, or edge cnd, and these points or
projections being joined by what their originals are connected with
—viz, straight lines—give the plan and clevation vequired. The
other ohjecis in the diagram, w]il)o@a projections are numbered 2, 2;
3, 3; 4, 4, arc all prismatic in forn, and represent a carpenter’s
pencil, a hollow wooden tube, and the lower end of a square post.
Their projections are all obtained in the same way as those just
explained, numbered 1, I, so there is no necessity for their
demonstration. The actual rendering of the true projections of the
four objects chosen for illustrating the subject of this chapter will
now be given with the sheet of drawing-paper as one plane surface,

To obtain the correct projection of the four objects shown in the
diagram Fig, 96, we must assume that we have their exact models
before us, and are able to draw in the VI’ on the sheet of paper
a full-size view of cach of their ends—such, in fact, as are shown at
A, B, C, D, Fig. 97. Tach of these views is an end elevation,
or vertical projection, of the “original objeet” or mnodel, and will he
found to agree with those shown in the diagram Iig. 96, on the
“ Vertical Plane of Projection,” and numbered 1, 3, 3, 4. The height
of these views above the II. on the sheet of paper is immaterial ;
Bbut whatever it is, it should be undersiood that the objects represented
by A, B, C, D are the same height above the HI’ as these end views
of them are above the IL of the VP and HP. Having these end
views given, and knowing by measurement the length of the models,
we can find their ¢ plans” ov projections in the HP. .

Now A, B, C, D are the front end views of objects in front of
the VP, and as the objects are a given length, their hack ends must
either be assumed to touch the VP, or to be a given distance from
it. Assume them to be as in the diagram Fig, 96-—viz., a certain
distance from the YP; in this case the ends will all be in a straight
line that distance from the 1L, for, as before shown, the TL is a “ plan ®
of the VP. Taking, then, the IL as a datum line, set off from it the
distance it is intended the back ends of the objects shall he from
the VP, and through the point set off draw with the tee square a faint
line parallel to the TI,, as b, ¢; then as the objects are assumed to
be of the same length, and their front ends d)r those nearest the
eye) are parallel to their back ends, set off’ from the line &, e, & distanee
equal to the length of the objeets, and at this distance draw another
faint line f, ¢, parallel to &, e; then the plans of the front ends of
A, B, C, D will, in the HP, be ¢n the line f, ¢, and of their hack ends
in the line & e. From the points 1, 2 of A, in the VP, let fall
projectors perpendicular to the TL into the HP, cuiting the faint
lines &, e anel f, e in points 1, 1; 2, 2; join these by straight lines as
shown, and the plan, or horizontal projection of the object, whose
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end clovation is A in the VP, is obtained ; for two of the sides an
the two ends of the object being vertically disposed to the HP, anc
their edges only secn from above, their horizontal projections beeom
sgverally the lines 1, 13 2, 2, for the sides, and 1', 2°; 1, 2, for th
ends. The exact shape of the objeet’s upper surface ns viewoed D1
the direction of the arrow, is truly shown in the plan by the disposition
of its bounding edges obfained by projection.

As the plans of the other three original objects represented i
elevation by I3, ¢, 1), in Fig. 97, are obtained in the same way as the
plan of A, all the neccessary construction lines for obtaining then
Ieing shown in, nothing further need here be said of the method o
theiv projection, it boing advisable that the student should think i
out for himself that it may be the better remembered. Tn thi
exercise in projection, which we will call Sheet 1, the elevation o
objects being given, und their plans reguired, the subject is called
* Projection from the Upper to the Lower Plane”; the examples giver
should be drawn to as large o scale as a half-imperial sheet of drawing.
paper will admit of, leaving a fair margin all round; the four
elevations A, B, C, D should be disposed in a row (suitably sprced;
the long way of the paper, and the lengths of the objects may be
assumed to be such as will occupy about two-thirds of the space
between the IL and the lower edge of the sheet of paper.

24. In our explanution of the method of obtuining the actual
projections of the simple objecta shown in perspective in the diagran
(Fig. 96), we purposely ignored the fact that afl the objects depieted
were not “solid” in the sense of their having perfeet sofidity, although
prismatic in form. Our reason for this was to prevent confusion in
the mind of the student on his first introduction to the study of this
part of our subject; but as it will be necessary for him to know how
to obtain other views of objects than their mere outside plan and
olevation (aa shown in Figs. 96 and 97), we will, before proceeding
further, explain what those views are, as they will in part be required
for the completion of the problems given in Sheet 2.

On referring to the object in the diagram (Fig. 96), whose
Smjecti.ons in the VP and 1IP are figured 2, 2, it is stated in the

eseription of it that it represents a carpenter’s pencil, or an article
composed of two material substances—wood and plumbago. In
menufactaring such an article it would be importunt to know how
much of each of the substances which go to make a penecil is to he
put into it. To decide this, we must have such a view of it as would
show how far the lead or plumbago extends into the wood covering
it. Such a view is calledd a “section,” aml is obtained hy supposing
the pencil to be cut—horizontally, in the case before us—right througl
the middle of its depth from end fo end, the cutting plane dividing
the pencil into two halves. This cutting, when the upper part of the
peneil is removed, will show at once the extent of the lead, as the
“plane of seetion"” will have passed through it. How to give a view
of the section of the peneil after heing cut will be shown further
on. The principle involved in obtaining it is that of assuming the
plane of projechion—or the sheet of drawing-paper—to be transparent



ENGINEERING DRAWING

AND

MECHANICAL

Fiy, b7

el [

S

e saastetoe s
/I///ﬂ‘g%\\-
B ey

L



54 FIRST PRINCIPLES OF

with the objeet bencath if, the visnal rays from all its prineipal points
being projected on that plane in points which are afterwards joincd
by right lines. Such a view when obtained is called a “sectional
plan,” the plane of its projection Leing the original IIP, the position
of the object only with respect to that plane having been reversed.

A similar plan of the object whose projections arve figured 3, 3,
in Iz, 06, will have quite a different appearance to that given of
it in Fig. 97. It is, we arc told, n /follow wooden tubc, whose
thickness is shown in ite end elevation on the VP, When looked at
from abore, in the direction of the arrow, its appearance is the same as
if it were merely a rectangular prism of solid material throughout,
with its sides inclined to the HP: bul if a cutting plane be caused to
pass through it horizontally from end to end, it would then be seen
(on the removal of the part cut off) that its interior is Jollow, and
its “sectional plan” something very different from that hefore obtained.
What that view would be we shall sce later on,

25. Now, in addition to the simple plan and front clevation of
an object being given, it is necessary, before its exact shape and
construction can be understood, to have one or more “side views”
or side elevations of it, for there is hardly anything—in mechanicul
constructions, at any rate—which is of the sume shape when viewed
from the side and end. To show how such views are obtained, let VP
and ITP in the sketch (¥Fig. 98) represent the two planes of projection,
as hefore, in their normal position—that is, at right angles to cach
other—and let it be assumed that the VP is in two parts, A amd B,
hinged together al ¢ , and that the part A is eapable of being swung
round on ¢ d until it is at right angles to the part B. When so swung
we have virtually three “planes of projection,” two of which are
vertical and one horizontal, and each at right angles to the other.
With planes in these positions it is evident that threc different
projections of an object may be obtained on them. Iet the object
be, say, a simple prismatic solid, as 8, and let its position be such that
two of ity sides are respectively parallel to the two vertical planes
A and 13; then the view obtained on A, looking in the direction
of ‘the arrow s, will be a side elevation of 8; and that on B, in the
direction of f, a front elevation; the plan P of the object in the
HP being obtained as shown by the projectors (o that plane. If, then,
the part A of the VP, with its obtained side view of 8, be swuny
back on e d into its original normal position with respect to the part I,
we should have in the VP a front and side elevation of the original
object 8, and in the HI' the plan T or view obtained when
looking in the direction of the arrow £.  On turning down the VP on
the 1L as n hinge until it and the HP become, as before explained,
the one ilat surface of the sheet of drawing.puper, the tiree true
projections—viz,, the front and side clevations and the plan of 8
—will appear as shown in Fig. 99. In that figure the assumed
motion of the part A of the VP into the position of being at right
angles to the part I3, is shown by the dotted ares and arvows, ihe
winged arrow indicating the assumed motion of the plane A, and the
barbed ones the transference of the projections,
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From the foregoing explanation it will be seen, on reference to Fig.
08, that o sectional front or side elevation of an olject may be ob-
tained in the same way as a simple elevation, for it is only neeessary
to assume the object as ent through by a verticul seetion plane, such as
that shown in the fizure, and the part cut off by it nearest the eve
removed ; the view then obtained when Jooking in the divection of the
arrow s would be the elevation required.

26. Having explained at some length the specific meaning of a
sectional plan, and of a front, and side, and *scctional elevation ” of
an ohjeet, we will now revert to the problem of showing how to obtain
by actual projection the sectional plans of objeets, taking for our pur-
pose those given in the diagram 1ig. 96. The first on the 7t is
assumed to be a beam of woorl of rectangular section, shown with its
two widest sides parallel to the HP, and its narrow ones perpen-
dicular to it.  As a horizontal section of a beam in such a position
would give in plan a similar projection to the one already shown, and
lettered in the diagram Fig. 96 ¢ Plan of Original Object,” we will, for
the better practice afforded, assume the beam to have its sides inclined
to the TP, as shown at A, Fig. 97, Sheet 2, and ihe cutting or section
plane & y to pass through it horizontally when in that position from
end to end. We will assume also that all the sides of the heam are
colourced green.  The problem then is to obtain by projection a plan
of the beam when the upper purt cut off by the section plane « y is
removed. i

Now it is evident on looking at the beam from alove that the
surface exposed by the cutting plane, showing the nature of its
material, will have two edges at b, ¢, parallel to each other and at right
angles fo the VI, and in Jength equal to that of the heam ; and at a
an edge parallel to that at &, the surface between these Intter edges
being that untouched Ly the cutting plane, and therefore coloured
green ; the lower edge of the beam at d, pot being seen from above,
will have no counterpart in the plan, and the two ends of the beam
being square with its sides, and therefore parvallel with the VP, will
be represented in plan by lines in that position, Thercfore, having
drawn in-—in the VP of the sheet of paper, as at A, Sheet 2—the
end elevation of the beam with its sides at the intended inelination to
the HT, let fall from the points «, 4, ¢ projectors perpendicular to the
IL into the HF, sct off on the projector let full from a a distance
from the IL equal to that the inner end of the beam is assumed to he
from the VP—which is arbitrary- and from this point «", on the
same projector, set off a distance o, «, equal to the length of the
beam ; throngh ", @' draw Jines parallel to the TL cutting the projee-
tors from a, b, ¢, in a”, ¥, ¢", &, ¥, ¢'; join these puints by straight
lines as shown, and the requived projection is obhtained.  As the sm-
face bounded by the pavallel lines 27, ¥, ¢”, o, and 0", ¢", ¥, ¢, is the
plan of the section of the heam exposed after cutting, it is indieated by
drawing lines with the 45° set-square, as shown,

The projection of the sectional plan of the * carpenter’s pencil,”
shown in elevation at 13, Sheet 2, will present no difliculty to the
student, ag the proesdure is clearly shown; there is, however, oue
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point in reference to it to which his attention is to be directed. The
pencil being made of fwo kinds of material, this is indicated in the
projection by drawing the scetional lines veferred te in the last prob-
lem in opposite directions across the materials, as shown. This point
will, however, be more fully enlarged upon later on.

From the projection of the pencil we puss on to that of the hollow
tube, whose elevation is given in Sheet 2 in the VP at C, the section
plane being shown by the line 3. Now in the plan of this object,
wiven in Fig. 97, Sheet 1, it will be noted that as there are only
three side edges, and the two ends, seen from alove, its “plan” is
obtained by the projeetion of these edges into the lower plane or HT,
and joining them up, as shown, DBut in the problem before us the
upper purt of the tube is assumed to be eut awaey, leaving the section
of two of its sides exposed, together with part of its inferior.  To find
its plan under these conditions we pruceed as follows —Trom « and b
in the elevation C, let fall projectors perpendicular to the 1L into the
IP ; and as the tube is assumed to be of the same length as the beam
and pencil, and its baek end the same distance from the VP as thair
ends are, at this distance from the 1L, and parallel to it, draw the line
" b, cutting the projectors from a and & in those points ; and parallel
to this line and at a distance ¢’ « equal to the length of the tube from
it draw the line &' &, We have so far obtained the bounding lines of
the plan sought. For the plan of the parts of the tube cut by the
section plane . y, let fall projectors from points 1, 2, 3, 4 in ihe eleva-
tion, cutting the lines a” &%, @’ &, in the plan in points 1, 2, 3!, 4, 17,
27, 3", 47 ; join these points by lines as shown, and the surfaces
between each of these puirs of lines will be the plan of the parts of the
sides of the tube seen from ahove when the upper part cut oft by the
plane & % is removed, Dy its removal, however, a part of the in-
terior of the tube is now seen when viewed from above, and this
must be indicated in the plan. The part seen is the angle formed by
the meeting of the two hottom inside surfaces of the tube immediately
over the point lettered ¢, and as these arc plane surfaces, their inter-
scction forms a line the plan of which is found by letting fall o pro-
jector from ¢ cutting the lines «” 37, ' ¥, in ¢’ ¢, and joining them by
u straight line.  With the section lining of the parts cut by the plane
o 3, the “seetional plan ™ of the « original object,” or hollow tube C, is
completed.

The projection of the sectional plan of the object represented in
end elevation by D, in Sheet 1, would give little useful practice to the
student if kept in the same position as there shown, all its surfaces
heiug either parallel or perpendiculur to the ILP, and therefore result-
ing in o very trifling change in the plan (got by a horizontal scelion of
it) from that previously obtained ; it is consequently shown with its
principal surfaces inefined to the 11P, thereby giving a more difficult,
but more useful, problem in projection. With the original object in
this altered position the stuHent. will at once be struck with the
identity in appearance of its clevation with that of the hollow tube in
the last problem, and he will perhaps be momentarily puzxled to under-
stand how two apparently similar eud \‘iv.ws are the vertical projections
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of two such different objects. Here we have an instance showing
the absolute necessity of a pre-conceived knowledge of the form of
the object to be delineated, or the pussession of a model of i, Having
either, little dificulty would be experienced in fully understanding the
similarity of the two views in the diagram. The object represented
by D in elevaiion (Sheets 1, 2) is wmerely a combination of two prisms
of different dimensions cut from one solid piece of material, from which
u portion is cut off by a plane—such as u saw-blade—throughout its
whele length, the cut being a horizontal one ; and the problem is to
show the actual appearance of the remaining part of the post when
jooked at from above, after the part cut ofl is removed.

To do this, let &y in the clevation D (Sheet 2) be the section
plane, as before ; let fall projectors from e and d into the HP, and
assuming the back end of the object to be the same distance from the
VP as those of the pencil and tube, draw paraliel to the IL a line
cutting the projectors from « and dina” ", from a”, on the pro-
jector from e, set off «” @, the length of the thick end of the post—
which is arbitrary—and through &' draw a faint line a’ d' purzallel to
a” a" ; then from b and ¢ in the elevation I} let fall projectors into the
HP, cutting the line drawn through &' &, in & ¢, and from these last
points set off on their projectors in the points 5" ¢” the length of the
small part of the post ; then a line drawn through §” ¢, parallel to
a” d", will give the bounding lines of the plan of the post. TFor the
sectional part of it, let fall projectors from peints 1 and 4, and 2 and 3,
in the vlevation D, the former to cut the line «” J” in points 1" 4, and
the latter the faint line @’ d"in points 2" 3'; through 1" 4’ draw lines
parallel and equal to 2" ¢’ ; and through 2° 3’ lines parallel and equal
to &' &”; the surfuce enclosed by tho lust drawn lines is that made by
the cutting plane 2 », and is indieated as such by the section lining.
As the post is of solid material, the edges formed by the meeting of its
under sides in ¢ and /' will not be seen from above, and are, therefore,
not shown in the projection.



CHAPTER 1IX
PROJECTION IN TIE UPPER PLANE

27. Jlavise carcfully worked out the problems given in Sheels 1
and 2, and studied, with the assistance of Figs. 98 and 99, and the
descriptive matter in connection with them, the principles involved in
obtaining the sectional plans and elevations of objecls, the student
should find no difticulty in solving the problems in the projection of
solids which are now to follow.

The first subject we take-—it being the simplest of all the plane
solids—is the “eube ”; but although simple, it is necessary that the
student should fully comprehend the specific relations of its various
faces and edges to each other, before starting to find its projections.
This solid is defined as one having six equal sides or faces, all of them

P,
o e,
B L
2. T |
. R D

squares. It follows from this that adjueent sides must be at right
angles to cach other and opposits faces parallel ; the adjacent and
opposite edges of the solid having the same relative positions. Bear-
ing these facts in mind, the projoctions of the cube are easily ob-
tainod.  To put the original object on the paper as required in the
problems, it is neecssary to note the diffprence hetween the diagonal of
a fuce of a cube, and a diagonal of the cube itself, The first is a line
joining the opposite corners of any one of its faces (as d, Fig. 99«), and
the lutter is an imaginary line joining tho vertices of any two of its
oppusite solid angles, or those formed by the junction of three adjacent
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faces of the solid, as the dotted line D in Fig. 994, Our first problem
in the projection of this simple solid is— -

Problem 30.—Given the front elevation of « oube, with the diagonal
of one of its faces parallel to the VP, and perpendiculur to the 11,
to find its side elevation, or @ view of it looking in the direction of
the arrow . To solve it—

Draw in on the left side of the sheet of paper, with the 157 set-
square, the square A, B, C, D (Fig. 100), with its dizgonal AC at
right angles to the IT; as shown. This fizure will be the front
elevation of the given cube in the position stated in the problem.  To
findd its side elevation, through points A, B, C, draw projectors of in-
definite length parallel to the 1L, and as the back face of the cube is
parallel to its front one and the VP, draw a line at right angles to the
1L, cutting the projectors from A, B, C, in «a, b, ¢; this line will re-
present the back face of the cube. Then, as the edges of a cube are all
of the same length, set off from a, on the projector drawn through it, a
distance a «', equal to the length of a side of the cube, as AB, and
through «' draw the line o' &' ¢ pavallel to @ b ¢ ; the four bounding lines,
ac cc,c d,a «, and the line § &' when joined up as shown give the
sille elevation (Fig. 101) of the cube when looked at in the direction of
the arrow &, Next—

Problem 31.—riet the cule le cut by a plane throwgh its dicyonal AL,
and let @t be requived to give a side elevation of it when the purt to
the left of the cutting plane is remaoved.

Here the part of the cube to the lefe of the diagonal AC being
removed, only four edges of the part loft are seen.  These are the top
edge from puint A to the point beyond it nearest to the VP, and the
corresponding bottom edge from point C; alse the two edges of the
frout and back faces of the cube, cut through by the section plane.
Therefore, in the projector drawn through A, Fig 100, at any con-
venient point (say o), draw, as in Fig. 102, at right angles to the IT,
the line « ¢, and parallel to it, at a distance equal to the length of the
side of the cube, the line d' ¢'; join the points d o, ¢ ¢, as shown, and
the requirced projection is obtained. Again—

Problem 32— /fet the original olject—the cube—be ent by @ section
plane, as 8P, and a side elevation of it be requived, after the puxrt
cut off to the lift of the cutting plane s removed.

In this case the seetion plane cuts through two wljucent sides of
the cube, leaving parts of those sides, as SA and PC, in view. To
obtain the projection required, ab any convenient point (say f), in the
projecior drawn through A, Fig. 100, draw o line fy perpendiculur to
the I, and purallel te it at o distance 77, equal to the length of a
side of the cube, the line f ; through the points A8, PC, and purailel
to the LI, draw the Lines /7, a8, pp', g9, and the required projection
i obtained.  As in Tig 102, the section obtained is that produced by
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the eutting of the cube through the plane of one of its diagonals, it is
evident that no greater seetion could be got, and therefore its whole
surface must e section-lined, as shown. TIn Tig. 103, however, as the
cutting plane 5P Jeaves a portion of the faces AB, BC of the culw
antouched, section-lining is only required on the part of the cube
actually cut. through by that plane, as shown.

28. As some further problems in conneetion with the projections of
the cube will follow, it will be well at this point to more fully explain
the significance of the lines obtained in the three preceding projections,
as upon their correct comprehension depends the ease or difficulty with
which subsequent ones will be found.

As in Fig. 100, the points A, B, C, D are the front ends of four
cdges of the cube perpendicular to the VP, and parullel to the HP,
any edge produced by a section or cutting plane passing through the
cube in a direction perpendicular to the VP, and making any angle
with the HP, will be a line parallel to the HP, and at right angles to
the lines representing in projection the two faces of the cube which are
parallel to the VP.  And as these faces are distunt from cach other
n space equal to the length of a side of the cube, the projection of
these faces will in all cases lie lines parallel to cach other at that
distance apart, their projected lengths being dependent upon the angle
the eutting or seetion plane makes with the HP.

This re:uoning will be verified on applying it to the three projee-
tions gncm in Figs. 101, 102, and 103. Tn these figures the lines
ac, a'c’; de, d'e; f;,r. "y, are the projections of the front and back
faces of the cube the three parallel lines e’ &b, ¢’ in Ilig. 101 being
the projections of the three edges of the cuhe at right angleos to those
faces, and the equal parallel lines odl, es' the projections of the top
and bottom edges of the cube, of which A and C in Fig. 100 are the
front ends.  In Fig, 103 the boundary lines of the projection are the
same as in Fig. 101, but the part of the cube exposed by the action of
the section plane SP, is that between the parallel lines s¢, pp, and
hus to be section-lined, as shown., Had all the faces of the cube been
coloured, only those parts of the two seen when looking in the diree-
tion of the arrow @—viz, from the edge at S to that at A, and from
P to that at C—would show of that colour; the surface exposed hy
the section being, of course, that of the material of which the cube is
made. The faces of the cube parallel to the VP in Fig. 100 are, of
course, in Fig. 103 scen only as lines, as at fiy, /"y, and as the cube is
of solid material the edge of it at D, du‘cctly opposite to that at B, will
not be seen in the side elev ation.

As further problems in the projection of selids in the “upper
plane,” we give those shown in Figs. 105, 106, and 107, where the
original object or cube, Fig. 104, is cut hy section planes 1, 2, 3,
making different angles with the IIF, but all of them perpendicular to
the YP. As there iy really no material differcnce of procedure in
obtaining such projections of the solid from that already so fully
explained in the previous problems, it iz not neeessary here to go
through the process in detail, as the construction lines given in con-
nection with each figure are suflicient to enable the student to work
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out the problems without further explanation. He has only to hear
in mind, as bofore advised, the relationship of the faces and edges of
the original cbject—the cube—to each other, and knowing this, ne
possible difficulty should be met with in obtaining the rvn{:;irpd projec
tions. A couple of sheets of paper should at the least be devoted t
these projections, varying the dircction of the plane of section in eucl
problem, s0 as to thoroughly master any apparent difficulty that might
arise in any similar problem in the future,

29. Advancing from the simple to the more diffieult, we again take
the cube as the original object, but instead of it being solid through
ont, as in the last problems, it is now hollow and of an equal thicknes:
of material all over. To indicate this, in drawing in on the sheet of
paper a front or other elevation of the object, we have to resort to the
use of “dotted” lincs. In mechanical drawings especially, such lines
are invariably used to indicate those parts of an object not dircetly ir
sight, and it will be found, as we proceed in the study of this specia’
kind of drawing, that although appropriated more especially to this
purpose, their use is indispensable o the draughtsinan, for by thei

roper application an insight is given—on the mere inspection of #
drawing—into the internal structure of the object depicted. In the
case before us, we indicate by their use the thickness and disposition of
the material of which the object is made, for, being opaque, its cutward
appearance would be the sume whether solid or hollow. Drawing in
then, as in Tig. 100, Sheet 3, the front elevation of a cube with one of
ity diagonals perpendicular to the TL, and indicating by dotted lines a
shown in Fig. 108, Sheet 4, the thickness of the material of which it i
made, we proceed to obiain by projection the various clevations required
Let the first be—

Problem 33.—Z%¢ front elzvation of a hollow cube being given, to fine
its side elevation, or a view of it when looked at 1n the divection o
the arrow .

For convenience, letter the four corners of the froni face of the
cube’ Fig. 108 as in Iig. 100, and obtain o side clevation of it as ir
Fig. 101, lettering it 1n the same way. The two views, so far, ar
identical ; but to show that the cube represented by Fig, 108 is hollow
set off from puints b, &' the thickness & i, b 5" of the cube equal to .
in Fig. 108. Through ¥, 5" draw dotted lines parallel to ae, a'c’; anc
from points 3, 4 (Fig. 108) draw projectors to cut the dotted line:
drawn through 5, 5" in points 3, 3'; 4, 4°; dot in the lines belweer
the lust-named points, and the required clevation (Fig, 100) i
obtained. Next -

Problem 34.— Let the cube Fig. 108 be ewt by a plane passing thioug)
ite diagonal AC, and an elevation of it Le vequived, when the pay
to the left of the cutiing plans is vemioved, )

Proceed as before to obtain, as in Fig, 102, the bounding line:
by ¢, ¢, 'd of the section; set off at ¥ 5" from de, J'2'— th
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front and buck faces of the cube—the thickness of its sides, and
through 5 5" draw Jines parallel to those sides ; through points 3, 4 in
Fig. 108 draw projectors to cut the parallels drawn through 5 5" in
points 3° 37, 4° 4”; the surface included between the inner and bound-
ing lines of the figure is that exposed by the catting planc AC in
passing through the cube, and is indicated by cross or seetion-lining.
As the removal of the part of the cube to the leit of the cutting plane
AC exposes its interior, the angle formed within it at point 5, by the
meeting of the sides AD, DC, will be seen as a line between poiuts
% 6" in Fig. 110. With the drawing in of this line as shown, the
required sectional elevation is complete, Again-—

Problem 35.—Lat the cube IFig. 108 be out by a plane 8P, and let it
be required to give @ side elevation of it, when the part cut off to the
loft iz vemoved,

Proceed as in Fig. 103, S8heet 3, to obtain by projection the top and
bottom edges, and the front and back faces of the cube, and letter
them as before. Through points 8 P in the section plane I%g. 108,
draw projectors parallel to the IL, cutting the line fg (Fig. 111) in
points sp, and through these points parallel to ff* draw the lines &'s",
p7". Then to show the thickness exposed by the cutting plane in
passing through the sides A3, BC of the cube, through points 1, 2
gFig. 108), and parallel to the IL, draw in Fig. 111 the lines 1'17,
29" Parallel to, and at a distance from the front and back faces
fag, 7, equal to the thickness ¢ of the cube, dvaw the lines 1, 2';
1%, 2": crossline the surface between the inner and bounding lines of
the section as shown, and as in the case of the section obtained in
Fig. 110 the interior of the cube is exposcd, a line will be seen at the
junetion (point 5} of its two inner inclined surfaces; with the drawing
of this line 5" 57 the required sectional elevation is complete.

As all the construction lines and the reference letters in the
further examples given in Figs. 112 to 115 are shown in, it is Jeft
to the student to work them carefully out without further explan-
ation, No difficulty need be experienced with either of the sectional
projections, provided due thought is given, as before advised, to
the relative positions of the faces and cdges in the original object.
Throughout the problems, the views required ave in all cases those of
the part of the object Ieft, when that to the left of the cuiting plane
is removed.

30. Having satisfactorily worked out the problems in Sheet 4, the
student will now be able to proceed with the following, which will require
on his part a closer study of the construction of the original object
than before, for although it is still in the form of a cube, the per-
foration of its sides by openings, as shown in Fig. 116, Sheet 5, will
involve greater attention to the methed of procedure in obtaining its
projections than has before been necessary. This, however, is to he
expected in drawing, as in every other art worthy of study or
acquisition.

On an inspection of Fig. 116, it will be seen that the cube is in the
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samo position with respoet to the VP and HP as in the two last sheets
of problems—that is to say, the diagonals of its front and back faces
ure respectively perpendicular and parallel to the HP, the faces them-
selves being parallel to the VP.  Each side of the eube, however,
instead of being, as in the last problems, solid, has now a square hole
through it, the sides of the holes heing parallel to the sides of the cube.
It is therefore possible to see right through the cube from any of its
six sides. The consideration of these simple facts in connection with
the original object will be found of service in the attempt to obtain
sny required projection of it.  Let the first be—

Problem 38.—Given the front elevation of a hollow sube, with square
openings in @ central position in each of ils sides, and a diagonal
of its front fuce perpendicular to the HP, fo find its side elecation
when viewed ¥n the divection of the arvow on the lefi.

First draw in the front elevation of the cube, showing the thick-
ness of the materinl by dotted lines, as in Fig. 108, Sheet 4. Letter the
corners of it A B C 1) as before. Divide each of the edges AB, BC,
of the cube into three equal parts, in the points 1, 2, 3, 4, and through
these points draw faint lines parallel to the edges BC, AB respectively
across it. The square ¢ & ¢ & formed by the intersection of these four
lines gives the opening on that face of the cube, and the ono directly
behind it, and the position of those on the other four faces is shown by
the parts of the same four lines which eross the thickness of the sides
of the cube at the points 1 to 8 in their edges. On putting in the
square a & ¢ d in full lines, and dotling in those last referred to, the
elevation of the cube shown in Fig. 116, Sheet b, is that specified in the
problem.

To give the side elevation required, proceed to obtain first, as in
Fig. 109, an elevation of the cube without openings in its sides. Then,
to show the openings that will be seen when looking in the direction of
the arrow , we have to remember that only two faces of the cube (of
which AB, BC, arc the front cdges) are in sight, and that therefore
only the two openings figured 1, 2; 3, 4 are seen. Now, as the sides
of these openings are one-third the length of the sides of the enbe, and
as the four edges of these openings figured 1, 2, 3, 4 will be seen of
their actual lengths, to show them in the position they occupy on the
cube, set off in points y 2 from the lines ae, a'e’ (Fig. 117)-the front
and back faces of the cnbe—the distance (¢ 1 or & 3) that the edges of
the square opening @ & ¢ d arc from the edges of the cube. Through
these points draw short lines in the upper and lower half of the figure
parallel to ac a'c”, and from points 1, 2, 3, 4 (Fig, 116), and parallel
to ag’ or ce’ (Fig. 117) draw lines cutting those drawn through y 2 in
1'1", 2" 2", 3" 3" 4" 4", The outer edges of the two openings seen from
% will thus have been obtained. Two of their inner edges, one at e and
another at ) are also scen, the first at e being that of the top side of
the upper opening, and that at £ the corresponding edge of the lower
opening. Projecting these points over on Fig. 117, and drawing in the
lines they vepresent, will give their elevation. To complote the view of



G8 FINST PRINCIPLES OF

the cube required, we have yet to show the position of the two open-
ings in its front and back faces, represented in Fig. 116 by the square
abcd. 'This is found by drawing in in dotted lines in Fig. 117, the
projection of the two corners a and ¢ of that square ; the other corners
b and d being directly behind the edge of the cube at B, and coinciding
with it, will not be seen in the required clevation.

Figs. 118 and 119 are sectional side elevations of the same original
object, the first being that of the cube cut by a plane passing through

t« diagonal AC, and the second by a similer plane at 8P parallel to
that diagonal. With the foregeing explanation, showing how the out-
gide view of the cube iz obtained, and the assistance of Fig. 110,
together with that given by having all the principal projectors shown
in for each figure, the attentive student should be able to obtain
without further aid or assistance the two elevations of the cube shown
in the figures referred to.

In Fig. 120 is given an elevation of the same hollow cube in the
same position as that shown in Fig. 116 ; but the sectional side eleva-
tions of it required by plancs cutting through it at 1, 2, 3, and shown
in Figs. 121, 122, and 123, although found in exactly the same way as
Figs. 118 and 119, necessitate much closer attention on the part of the
student in obtaining them, the section planes heing purposely drawn in
such directions as to make the resulting projections a test of his ability
in applying the principles which have previously been so fully ex-
plained to him.

In obtaining the three sections required, the only likely difficulty
to be met with may possibly oceur at that part of each projection where
the eutting plane crosses an opening in one or other of the sides of the
cube. No. 1 section plane, it will be noticed, is shown to cut three
such openings—viz., the one immediately in front and its fellow one at
the back of the cube, and the lower opening at f; No. 2 plane cuts
through the upper left-hand opening at &, the lower right-hand one at
d, and the front and back ones, dividing the cube into two equal parts ;
and No. 3 plane cuts through the upper right-hand opening at g, and
across the corners of the front and rear openings.

31. In showing the parts of the sides of the cube in seetion in the
three views, care must be taken fo note especially where the section
planc enters and leaves the solid parts of the vbject, and crosses the
open parts, for these points determine what parts wre in section and
seen, and what are not. In Fig. 121 the upper part of the projeetion
is shown as being solid right across, because the section plane cuts
through a solid part of the cube’s side. The same is seen in the Tower
part of Fig. 123; but in the opposite parts of each of these figures the
section plane has cut through an openung in that side of the cube, amd
this 15 indicated by the gaps shown. The same reasoning will explain
the projection obtained at Fig. 122, only in this instance the section
plane has equally divided the four openings it passes through, ‘With
the foregoing explanation, the three sectional elevations of the original
ohject should be obtained without difficulty, projectors being shown in
the front, elevation of it (Fig. 120), partly drawn in, from all the
tmportant points cut through by the section planes.
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As the side elevations of the prism and the pyramid are obtained in
the same way as those of the cube—so fully shown in Sheets 3, 4, and
5,—u fow problems in their projection are given in Sheet 6, for the
student to solve without further aid than that afforded by the con-
struction lines shown in the diagrams,

Fig. 124 is the elevation of a square prism, assumed to be solid in
the first instance, with its base resting on the HP, and two of its sides
—adjacent ones—respectively parallel and perpendicular to the VI.
It is required to give side elevations of the prism—looking in the
dircetion of the arrow z-—when cut by the section planes A and B
Then, assuming the prism to be hollow, but with closed ends, as shown
by the dotted lines in Fig. 124, side clevations of it are required when
cut by the same section planes as before.

Fig. 125 is the elevation of a square pyramid, with its axis
vertical, and two adjacent edges of its base respectively parallel and
perpendicular to the VP. Side elevations—as in the previous prob-
leras—are required of the sections produced by the cutting plancs C, D :
first, assuming the pyramid to be solid, and then hollow. Tn obtaining
the projections of the pyramid, the student must not forget that as
vach of its sides are triangles, their width at eny height from the base
varies with that height, and must be found accordingly.

After some further practice in “ projection in the upper plance,” by
devoting a sheet or two of puper to finding the projections of the cube,
prism, and pyramid, cut by planes deawn in other directions than those
given in the problems, the student will be enabled to enter upon the
next stage in advance in our subject.



CHAPIER X
PROJECTION FROM THRE LOWER TO THE UPPER PLANE

32. I has already been shown in Figs. 70, 71, that if o point in the
HP he the plan or horizontal projection of a &ne, then the line is a
straight one, perpendicular to the HY and parallel to the VP, and
thut its “elevation” is obtained by drawing through the given point
n straight line in the VP, perpendicular to the IL, of a length equal
to that of the line represented by the point. Tt is also shown in the
swne figures that if a line be represented in plan—or in the HP—Dby
& line of the same length as ils original, perpendicular to the TL or
VP, then the clevation of fhat line will Le a point in the VP, where
the foot of the projector drawn through the original line touches the
VP. These two enses embrace the prineiples invelved in finding by
projection the “elevation of an object when its plan is given,” or pro-
jection from the lower to the upper plane.

Having previously worked out the problems of finding the
“plevations ™ of any of the four plane geometrical figures from their
“plans,” we proceed now to show how the clevations of solid objects,
whose sides or faces are plane figures, are obtained when their plans
wre given, As previously advised in the case of the cube, prism, ete.,
no aifﬁculty will be met with in obtaining these projections, if the
relations of the several sides of the original objects to each other are
previously understoed.  Our first: problem in this part of the subjeet

15—

Problem 37.—-Given the plan of a rectangular slab of solid ma-
terial, with ils wvertical sides inclined o the VP, to find s
elevation.

Let the rectangle ADCD, Tig. 126, Sheet 7, be the plan of the slab
in the position stated in the problem. Thus shown, all its sides and
ends are rectangular plane surfaces, the upper and under ones being
nssumed to be parallel to the HP, The parts of it that will be seen,
luoking in the direction of the arrow 2, will be the end AD and
the side BC. The points A, B and C are the wpper ends of the corner
edges, or lines, which have a length equal to the thickness of the slab;
therefore to find its elevation, through points A I C, draw projectors
Aa, Bb, Cc perpendiculur to the IL into the upper plane or VP. If the

71
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slab is vesting on the HP, sct off ity thickness on the projector from A,
from the IL, as at @, and through «' draw a line parallel to TL
between o’ and ¢ ; then Fig. X will be the elevation required.

But if the slab is not resting on the HP, but is assumed to be
some distance above it, then on the projector from A set oif’ from the
IL the assumed distance that the top surface of the slab is from the
HP, say at «; through e draw a line parallel to the IL cutting the
projectors from B C in be; then @ ¢ will be the clevation of the
points A B O in the plan, and the line drawn through t{hem that of the
top surface of the slab, Set off from «, un its projector towards the
IL, the thicknoss of the slab; through this point draw a line parallel
to abe, or the IL, and Fig. ¥ will be the. required elevation. The
corner D of the slab will of course not be seen in the clevation ; hut
te show that the form and position of the slab are understood by the
student, he should indicate its position by # dotted line, as shown.

Our noxt object is that of 2 solid with inclined sides, and the
problem js—

Problem 38.—(iiven the plan of a frustum of a squave jmpramid with
its base ow the HP, and dits buse edyes inclined to the VP; to
find ita elevation.

Let Fig. 127 be the plan of the frustum in the position specified,
A B C D being the four corners of the base, and let its height be equal
to the length of the side b of its upper surface, shown in plan. Find
the elevation of the points A BCin the plan, by projectors to the 1T,
cutting it in points A', I, ¢, On the projector from A produced, set
up from the 1L the height of the frustum in point «*, and through it
draw indefinitely a line parullel to the IL; then the points ', ¥, ¢’ in
this line, where the projectors from a, 6, ¢ in the plan cut it, will be the
elevations of the three corners of the upper face of the frustum, secn
when looking at it in the direction of the arrow .  Joina'A’, ¥ B,
¢'C’ by straight lines, as shown, and the required elevation is obtained.
Proceeding from the simple to the more diflicult, our next problem
is—

Problem 39.—Given the plan of the frustum of « syguare pyramil
resting on the HP, and surmounted by « eube, its sides being inclined
to the VI ; required its elevation.

Let Tig. 128 be the plan of the combined solid, in the position
given in the problem, and let the height of the frustum be equal to the
length of a side of the cube. Then, baving found the elevation of the
frustum, as in the last problem, find by projectors from points 1, 2, 3
in the plan the elevation of the three corners of the eulie, seen when
lovking in the direction of the arrow. On the projector from point
1in the plan set off from the upper face of the frustum, or the line
' ¥ ¢, the lieight of the cube, and through the point 1’ draw the line
1' 2" 3, and the required elevation is obtnined. The elevation of any
of the regular plane solids from their plan is found in the same way.
For example—
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Problem 40.—Zet Fig. 129, Shect 8, be the plan of an hecagonal prism
with its axis vertical and its buse on the I[P, and let its leight Le
equal to twice the diameter of the inscribed cirele of its base ; requived
its elevalion.

In the position in which the object is standing with respect to the
VP, three of its sides and four of its verticul edges will be seen, TFind
the elevation of these edges by projectors through the points ABCD;
on the one through A set up the height of the prism equal to twice ',
and at this height and parallel to the IL, draw a line cutfing the
projector from D in , and the required elevation is obtained. Again—

Problem 4l.—Let Fig. 130 be the plan of a square pyramid, its aicis
vertical, ity base vesting on the HP, and its height equal to twice
the length of the dingonal of its base ; find its elevation.

As the solid is resting with its base on the HP, the elevation of its
three busc corners that will be seen—viz, A B C—will be found in
abe on the IL. Itsapex is the point pin the plan where the two
diagonal lines—which are the plans of its side edges—intersect. Find
the elevation of the axis by a projector through p ; set oft’ on this from
the IL upwards the height of the pyramid in the point p', and join I
by right lines with points a' &' ¢’ on the IJ, and the requived clevation
is obtained,

The “soctional ” elevation of an object is obtained from its plan by
similar methods.

Problem 42.—ZLet Fiy. 131 le the plan of a solid cube westing
with one of its fuces on the IP, and let it be cut by a plane S
rerpendicular to the IIP, and an elevation of it be vequired, when
the part X, cut off by the plane, is removed.

Projectors being drawn from the points A 8 P C, into the upper
piane, as shown, and the height of the cube set off from the II. in point
@ ; on the one drawn through A, a line through o', paralle] to the TJ,
cutting the projector from Cin ¢ and the crosslining of the part cut
through by the section plane, completes the elevation required.
Aprain—

Problem 43.—Zet Fiy. 132 be the plan of a hollow squave pyramid,
its height being twice the length of o side of its base, and u sectionul
elévation of it on the line SI be requirved.

As the cutting plune passes through the axis of the pyramid, its
section will be a triangle. Tirst find the elevation of this triangly,
mitking its altitude the given height stated ; then to show the thickness
of the matcrial cut through by the plune, find the elevation of the
points 1, 2 in the plan on the IL, and through these points 1’ 2, and
parallel {o the sides of the triangle, draw lines meeting in the axis in
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the puint «, cross-line the part cut by the section plane as shown, and
the required sectional elevation is obtained.

From the foregoing problems it will he seen that to obtain the
elevation of an object from its plan alone, without other important
data, would be impossible, as the heights and conformation of its
different surfaces not seen in the plan must be known before its correct
elevation can be attempted.

Tt being necessary, at this stage of the student’s progress in the
study of our subject, that he should know something about the correct
lining-in of his work in ink, we shall next explain the proper applica-
tion of the different kinds of lines used in mechanical drawings, that
e may be able to practise in spare moments on the sheets of drawings
in pencil the results of his study, which it is assumed he has preserved.



CHAPTER XI
LINING-IN DRAWINGS IN INK

33. Avtnouvcn the student, up to the present stage in his study, has
not been called upon to draw anything to scale—which necessitates a
greater amount of exactness in the use of his pencil and insteuments
than he may yet have exercised-—he should still bave acquired a suilicient
ability in their manipulation to enable him to put in fairly sound and
fine lines when necessary, Dut as the permanence and practical use of
a drawing—especially one of any engineering subject—are matters of
necessity and great importance, it must be committed to paper in
better medium for its preservation than that offered by the use of
plumbago. The lead-pencil is only employed for the rapid committal
to the paper of the ideas embodied in the drawing, but for the preser-
vation of these, and for constructive purposes, the design must he
fixed in some coloured pigment or ink. As previously stated at
the commencement of this work, China or India ink is the speciul
pigment used by the mechanical draughtsman for this purpose, and it is
now intended to explain the proper application of the different kinds
of lines used in inking or lining-in an outline mechanical drawing,

‘We may state at the outset in this part of our subject that in what
are known as ordinary, workshop, or “shop drawings,” only one kind
of line is used in inking them in, and that is a firm, sound, black line,
ubout % of an inch in thickness, Tn all good modern workshops, no
workman is allowed to decide by measurement with his rule the dimen-
sions of any part of a piece of mechanism shown on a drawing, as all
sueh parts are, or should be, dimensioned with figures on the drawing
itself before it leaves the drawing office.  But for the purposes served by
a drawing in outline, or one not intended for shop use, different: thick-
nesses of lines are nccessary to enmable it to be properly read and
understood. These lines are generally of three degrees of thickness,
and are defined as fine, medium, and shadow or thick lines. Their use,
however, without some well-defined rule of application, would be futile ;
as the very reverse effect of that intended would be preduced by the
incorrect uge of either of them.

84, Now, as the proper application of these lines is directly con-
cerned with the effect caused by light falling on an object, it is a
matter of importance in this speeinl kind of drawing that a uniform

ki
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rule be adopted with respect to the direction in which the light is
supposcd to fall upon the aobjeet represented. With the free-hand
draughtsmun or artist, this direction is optional, as he can adapt it to
the way he thinks most conducive to effect in showing up any particu-
lar object in his pieture ; but with the mechanical dranghtsinan, as his
drawings ave not representations of objects as they appear to the eye,
but are projections obtained by parallel rays from all parts of them
falling upon certain planes having definite relations to cach other, but
represented by his sheet of paper, he has to adopt some rule of illu-
minating the visible surfaces of his objects, in accordance with the system
he uses in projecting their outlines,

Although the illuminant is the sun, and its light is diffused equally
around, it s generally assumed that we see objects by light coming from
above and bekind ws; but it is evident thai if the light shone directly
from behind, the spectator would be in his own light, and part of the
ohject would be in shade. The light must then be assumed to come
either from the right side or the left. As a rule, the rays of light are
always assumed to come over the kgt shoulder of the draughtsman in
parailel lines, and to strike the planes of projection—or the VP and HP
—of the drawing at an apparent angle of 457 with the IL, or inter-
secting line of those planes. The actual direction of the rays is
graphically shown in the diagram Fig. 133.

Let VP and HP represent the two planes of projection, and the
line TL the intersceting line dividing them. Tn these planes draw in
ABCD to ropresent the elovation, and a'¥¢'d’ the plan of a cube.
In the position shown, the front and boek faces of the cube are parallel
to the VP, and all the others perpendicular to it. Through Cin the
elevation, and ¢’ in plan, draw lines EC, e¢’, making angles of 45° with
the IL; then EC and e¢' will represent the plan and elevation of a
vay of light and the apparent direction in which it falls upon the VP
and HP. The aetual direction, or path of the ray, is from the npper
anterior or front corner of the cube at A, to the lower posterior or back
corner of the cube behind C. In other words, the ray of light is
assumed to travel in a direction coinciding with the dingonal of the
cube, drawn botween point A and the point beyond C.

To find the actual angle that this ray of light makes with the
planes of projection : At point A in the elevation of the cube erect at
A, a perpendicular to AC; on this set off from A a length Ad equal to
o side of tho cube; join d and C; then the angle ACd is that made
by the ray of light with the planes of projection VP and HP. For
if the right-angled triangle dAC be supposed to turn on its base AC a4
a hinge until its plane coincides with AC, then the angular point d
will coincide with A, and the hypothenuse dC of the triangle JAC
will become, as before stated, the path of the ray of light. The angle
made by this rag with the VP and HP will be found to be, both by
measurement and caleulation, one of 35° 16",

To mako the rule—adopted by the mechanical draughtsman—as to
the assumed direction of the light falling on & body still more clear,
let the student cut out in stiff paper a model, allowing a strip for gum-
ming, as in sketch A, of the right-angled triangle dAC, Fig. 133;
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fold over the strip on the model, on line AC, until it is at rvight angles
to the triangular part, gum the strip on its under side and apply the
model to the elevation of the cube, making the lines AC on each
coincide. Then prepare a similar model of the triangle and apply it
to the plan of the cube on the line ¢’ ¢.  With the sheet of paper on
which the plan and elevation of the cube are drawn, flat on the draw-
ing-hoard, the triangular models will both stand perpendicular to the
plane of the paper. If now the VP be bent over forwards on the 11,
as a hinge until it is at right angles to the HP, the direction of the
ray of light with respect to hoth planes of projection will at once he
scen, for the hypothenuses of the triangles with which the vay of light
coincides are parallel to each other, and make equal angles with the
VI and HP. It will also be proven by the aid of the model, that a
line drawn in the VP and HP =zt an angle of 45° with the IL, cor-
rectly represents the elevation and plan of a ray of light when making
an angle of 35° 16" with those planes.

35. We have now to explain why a distinetion should he made in the
quality of the lines used in inking-in an outline mechanical drawing.
It will be readily understood on looking at any illuminer ohject that
there are some boundaries in its surfaces on which the light will
fall direct, and others on which it will not so fall, but will eanse them
to cast a shadow on some other surface beyond them, Of the former,
some are often so much in the light that the alges hounding the sur-
faces arve almost imperceptible; all such must of necessity he repre-
sented by fine lines.  Those on which the light does not fall direct, but
which cast a shadow on some more distant surface, are represented by
thick lines. A medium thickness of line is only used under exceptional
conditions of position of the bounding edges of surfaces; but of their
use we shall speak Jater on. For the present we shall deal only with
Jins lines, and thick or shadow lines, and their application to plane-
surfaced solids, or such as the student has alveady drawn-in in pencil.
Knowing all the forms of the solids which bave heen taken as suljects
for projection, their proper inking-in should present no diffieulty. All
that has to be determined in connection with the pencilledin lines is
what each represents—that is to say, is it an edge or bounding line on
which the light falls direct, or does it cast a shadow? This decided,
the line ean be drawn-in in ink.

Taking the two projections of a cube—given in the diagram Fig.
133 as an explanatory example—Ilel it be determined how they should
beinked in.  To begin with the elevation, and knowing the direction
in which the light falls upon the object, it is evident thut on two of its
front edges—AB and AD—the light is falling divect ; their representa-
tive linegs—AB and AD—must therefore he fine ones. Tt is equally
obvious that the edges BC and DC will casé a shadow on the VP
against which the cube is resting, therefore the lines BC and DC, repre-
senting these edges, must be thick, or shadow lines. Three other edges
of the cube are also affected by the light—viz, those of which A, B
mnd D are the front ends; but thi; eannot be indicated in the ele-
vation. The cube whose plan is shown in the diagram is for explan-
atory purposes set forward some distance from the 1L, and must not
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therefore be taken as that of the cube given in elevation. In this
case it is assumed to be standing with one of its faces on the HP. In
that position two of its top edges—a'd’ and @'b--are directly in the
light, and will therefore have to be fine lines,"while the corresponding
DppDhlte edges ¢ and ¢'d, as they will cast a shadow on the HF,
must be thick, or shadow lmes Of the “cast shadows” thrown on
the VP and HFP by the cube in the positions shown, we shall speak
later on. :

36. To show the importance of corraciness in the use of fine and
thick lines in an outline drawing, we give in ¥ig. 135 a very simple
drawing which may be made, by a different application of such lines, to
represent totally different objects. The figure heing drawn-in altogether
in fine lines may represent anything; say a square thin plate of any
material, with a small square lined-in on its surface. To give an
idea of substance or thickness in the plate, this would be effected
by thickening the lines from A to B and B to D, as in Fig. 136, The
inner square would represent a ¢ recess” in the plate by thickening the
lines ac and e, as in Fig. 136 ; but if the opposite sides, ab, bd, of this
small square were thick lines, then this square would represent a
“ projection  on the surface of the plate or slab as shown in Fig. 137,
That Figs. 136 and 137 wre plans or horizontal projections of objects is
evidenced by the position of their shadow, or thick lines, the shadows
cast by their projecting edges—shown in—indicating the direction in
which the light falls upon them.  The original drawing, Fig. 135, may
be cither a plan-or elevation, there being nothing in its lining to show
which is intended.  The student should be eareful to note that even in
this simple drawing of only cight lines, the reversing of the positions
of the thick lines bLounding two of the sides of the inmer square
produces not only a different appearance in the object, but gives quite a
different reading as to its construction.

37. T'rom the foregoing explanation of the use and application
of a fine and thick line in defining the meaning of an outline drawing,
it will not surprise the student to find that an alteration in the posmon
of an object with respect to the light falling upon it may, and possibly
will, affect its lining-in, To show the effect of such an alteration
in position, let E and P in the diagram Fig. 134 be the elevation
and plan of a cube, with four of its faces vertical, and making
angles of 45° with the VP.  In this position the light falls wholly and
directly upon the verticul face Ae C¢, leaving its parallel and opposite
one wholly in shade, while the face ¢B ¢'I) and its opposite one are
i the plane of the liyht. Tn this case the lining-in of both plan and
elevation of the cube becomes quite ditferent Lo that of the same objects
when differently placed with respect to the light falling upon them.

As in the previous figure, in elevation, the under side of the cube is
agsumed to be some distance above the HPE, bus in plan it is supposed
to have that side vesting wpon it. The correct lining-in of the two
views in accordance with their altered position will then be as
follows:—In elevation, the top front cdges Ae, eB, forming one
ling, being directly in the light, must be a fine line, The vertical
edge AC, being “in tho plane of the light,” must also be a fine line,

G
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The edge &f is in the plane of the light, but it heing so near to
becoming one that would either cast a shadow or be fully in the light, a
medium thickness of line would be most appropriute.  As the vertical
edge BD of the cube would cast a definite shadow on any surface
behind it, it must of course be a thick line. The suine applies to the two
lower front edges of the cube Ce' ¢'D, forming one line, which must also
be a thick one. Practice among mechanical draughtsmen varying as to
the appropriate use of a mnedium thickness of line in a drawing, it may
be remarked in the case here presented that if “colour” were used
to assist the eye in determining the form of the object represented
in elevation by E in the diagram, the tint would be dark near the cdge
e, and gradually lighten off as it approached the edge BD, although
the latter would cast a shadow on any surfuce behind it.  For this
reason & medium thickness of line seems best suited to the position. As
to the lining-in of the plan P of the cube, it will at once be seen from its
position that only one edge, or that between points £ and &, will cast
a shadow, and it must therefore be made a thick line, The other three
—twao in the plane of the light and one having light fulling direct upen
it—must be fine lines.

38. To prevent the misreading by the student of some engravingu
of mechanical subjeets in outline still to be met with, it is as well here
to observe that in England some draughtsmen and engravers line-in
both plans and elevations of objects as if they were situated n the swme
plane, and east their shadows in the same divections; but that this
is contrary io the principles upon which their projections were obtained
may at once be seen from a study of the shadows cast by the cube
in plan and elevation in Fig. 133. As the planes of projection are
at right angles to cach other, it would he impossible for the shadows
to fall in the same direction in both planes, unless the light fell upon the
objeets represented in two totally different directions at one and the
same time, which would be absurd.  In all representations of objects,
therefore, throughout this work, where any difference in the lining is
shown, we shall recognize the existence of the two planes of projection,
in their proper relative positions, and apply the rules for such lining
in accordunce with the principles beforo explained.

As the study of the projection of solids having curved surfaces will
be the next division of vur subject that will occupy attention, a few
words only ure here necessary with reference to the liningin of such
objects in ink, As a general rule, only one kind of line—the fine line—
is applicable to the outline representution of the curveld surface of the
solids of this class—the eylinder, the cone, and the sphere—with which
we shall deal, consequent on the fact that the particular part of the
curved surface of each which would east a shadow on any adjacent
surface, falls within the bounding lines of its representation, and cannot
he expressed by a line, as in the case of bodies having plane surfaces,
We shall, however, before completing our explanation of the projection
of such solids, give all necessary information as to inking them in,

39. Before leaving this part of our subject a few words are
necessary for the guidance of the student in reference to the mixing
and usage of the ink with which he will line-in lis drawings. Although
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liquid ink for this purpose is now to be purchased, it is advisable for
the student to know how to make suitable ink for himself. He will not,
of course, without some considerable practice, succeed in making really
serviccable ink, but such as he will be able to produce will sufficiently
serve his present purpose.

To prepare the ink for use, let the student provide himself with u
maedinm-sized colour saucer—sold in nests of half-a-dozen by any avtists’
colourman—nand having procured a stick of good Indiaink and a
camel’s-hair water-brush, proceed as follows :—Charge the brush with
clean water, and by ils means put as much of it in the saucer as would
half-All an cgg-spoon.  With the stick of ink Leld vertieally, and with
one end in the saucer, rub it in a crcular divection, applying a gentle
pressure at fivst, until the water hay attained a dark brown colour and
hegun to thicken ; continue rubbing, gradually adding water in drops
from the water-brush, until a suficient quantity of liquid ink is made.
T'o test its blackness and consistency, blow steadily into the saucer: if
the ink is o good Mlack all through, the bottom of the saucer will not be
seen ; but if too thin, it will come in sight, and the rubbing must be
continued,  For the ink to be in working order it should be neither too
thin nor too thick. To bring it to a proper consistency, about a quarter
of an hour’s rubbing will be requived.  If it is found at any time to
have thickened by evaporation of the water in it, add more in drops
Ly the use of the water-brush, keoping it well stirred while doing so.

Some writers on this subject advise the student to always use fresh-
rubbed ink, taking cave to wash out the saucer before muking it.  This
is by no means the practice in many of the largest drawing offices
in the kingdom. On the contrary, good ink is never wasted, but is
improved by being worked up afresh. The writer's practice for years
has been to keep by him in his instrument-box & home-made india-
rubber pestle, similar in shape to o diminutive Indian club, With the
use of this and a few drops of clean water added as required in the ink-
saucer, he is able to produce an ink of cqual density and colour
throughout, and which does not contain a particle of anything held in
suspension in it that would be liuble to clog the deawing-pen.

Special unglazed sancers are now to be purchased for the rapid
making of India-ink, but these the writer finds very extravagant sub-
stitutes for paticnce and the cxpenditure of a few minutes of time. A
more suitable suucer would be one made of glass of the same shape ag
now used, but with its inner surface finely ground. Through want of
putience on the part of the draughtsman, and tho application of too
much pressure while rubbing, the ink is liable to break away from the
stick in small lumps, which arc never thoroughly reduced to the liguid
state, but cause constant annoyance by clogging the pen. With a
properly-ground glass saucer this tendency of the ink=stick to fray away
in particles would be avoided. One great mistake made by many
draughtsmen is the practice of dipping tho rubbing end of the ink-stick
in water hefore starting to make their ink. By so doing it becomes
soddened, and when dry will be found to be crucked all over at that
end, and ready to break away in pieces on the least pressure being
applic.  The rubbing end of the ink-stick should always be wiped dry
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directly it is done with, if it is wished to keep it in good order for use ;
and the ink saucer should only be uncovered while filling the pen. This
latter operation is best effected by capillary attraction, and not by the
use of a brush.  When more ink is required, first pass a piece of soft
wash-leather between the nibs of the pen, to remove any deposit, wnd
before dipping in the ink draw it through the lips, which will give
sufticient moisture to cause the ink to flow freely between its nibs, and
s0 fill it. The use of a brush is objectionable, on the ground of its
being liable to pass into the pen any sediment that may have collected
in the ink-saucer.

With reference to the drawing-pen and how to use it—the compass
ot bow pens will not at present be required—the student will remember
the explanation of its construction given at the commencement of this
work, and from that will understand that in using it, it must be
held nearly upright, keeping its strong nib in contact—without pressure
—with the edge of the tee- or set-square ; that all horizontal lines must
be drawn from left to right, and vertical ones upwards, or from hottom
to top of the board. The drawing-pen when purchased should be set
for use, and its satisfactory manipulation will soon be acquired if due
care is taken not to damage its points,



CHAPTER XII
THE PROJECTION OF CURVED LINES

40. Ur to the present stage in our subject we have purposely
refrained from denling with figures having curved bounding lines, or
solids with eurved surfaces, knowing how important it is for the student
to thoroughly understand the projection of straightXined plane figures
and plane-surfaced solids, hefore attempting anything in which a curved
line or surface occurs. Assuming that he has mastered all that has now
been explained, he will be the better able to apply himself to that part
of the subject to which we next proceed—viz., the projection of solids
having “curved ” surfaces. As this, however, involves a knowledge of
the projection of enrved lines, this must first be acquired.

From our definition—Chapter IIT.—of a curved line—-viz,, that it is
the path of & point which is continually changing its direction—it will
at once be manifest that its projection cannot be obtained in the same
way as that of a straight line, in that all that is here required is to find
the projections of its ends and join them by a right line. As the
generating point of u curved line is moving in o different dircetion at
all parts of its path, it follows that the only way in which its projection
can be obtained is by getting the projection of that point in several of
its positions, and joining them by a line passing through them, which
will be the projection sought To obtain this, however, it is first
necessary to have a perfeet knowledge of the original curved line
and its varying direction, as it may be a linc Iying wholly in a plane,
or, on the other hand, one of such a character that no part of it would
coincide with or lie in a plane. For a first example in curved line
projection we take as our problem— '

Problem 44 (Fig. 138).—~—GiL=cw$ the front elevation AD of a curved
line in a plane parallel to the VP, it is required to find its side
elovation and plan, or views of it when looked at in the dirvection of
the arrows.

Here the line being a simple curve, it is evident, on looking in the

direction of the arrow on the left, that its projection will bo a straight
line «b, No. 1, as all the points in the curve are in one and the same
8D
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plane. Tor the same reason, the plan of this curve will be the straight
line a'%, No. 2, obtained hy letting fall projectors from its two ends
AB into the HP, and joining them by a right line.

Now, let the plan of this curved line—or a'¥', No. 2—hie assumed
to make an angle of 40" with the VP, and its front and side elevation
be required. To obtain these, we must know the position of some
points in the curve with respect to a fixed datwn line, from which
measurements may be taken.  Tet the points in the curve of which
't is the plan be A, 1, 2, 3, B, in the elevation, and et the line CB,
drawn through B at right angles to the 1L, be the datum line, which
i3 assamed to be in the same plane as AB. Through A, 1, 2, 3, B,
draw lines parallel to the I'T, cutting CB in points C,1°, 2, 3, B. Now,
the line " in the HP is the plan of the curved line AB in elevation,
moved through an angle of 45° with the VP, the point a” heing neavest
the eye, and b farthest from it. To find the plans of the intermediate
points 1, 2, 3, in the curve AB, set off from &' in the plan the distances
CA, 17, 22, 33, in elevation in the poinis a”, 2, 3, 2. Throngh these
draw projectors-into the VP, cutting those from A, 1, 2, 3, in ¢, d, £, .
Then a line deawn through these points to B will he the requived
elevation of the curve.

To find its side elevation, take a new datum line C'I¥', No. 3, parallel
to CB, and produce the projectors drawn through A, 1, 2, 3, B, in the
original curve line AB, No. 1, to cut it in points C, 4, 5, 6, B'; at
each of these set off in points ¢, d, /7, ¢, the distances—measured from
the datum line—that their corresponding points «”, 2, ¥, #, in the plan
No. 2 are from o'F, measured on the projectors drawn through them ;
then a line drawn through the points so obtained, as shown in No. 3,
will be the side elevation of this curved line in its new position.

If the given line of which the projections are required is one of
double curvature, but still in one plane, its projeciions are obtained in
the same way as those of a simple planc curve. As an example we
will take a very common double-curved line known as the agee moulding ;
and let the problem be—

Problem 45 (Fig. 139).—Given the front elevation of a lne of double
curvature AB, No. 1, te find tts plan and side elovation, the plane of
the eurve being parallel to the V.

In this case, as every point in the curve is at an equal distance
from the VP, iis plan will he a straight line @'¥, No, 2, parallel to the
IL, and its projected length will equal the distance hetween projectors
let fall from its ends A and B inte the HP. Tis side elevation will
also be o straight line ab, at right angles to the 1L, for as every point
in it is equi-distant from the VP, it will coineide with or lie in o plane
which we are told in the problem is parallel to the VI, and therefore
perpendicular to the HP,

To find the elevation of the line AB when the plane in which it
lies makes any given angle with the VP, proceed as follows :—

hoose any convenient poinis—other than its two ends—in the
curve as 1, 2, 3, 4, No. 1. Through these let fall projectors into the
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HP to cut «'¥, No. 2, the plan of AD in the points 1/, 2, 3", 4. At
¥, in this plan, draw a line making with a'd’ an angle equal to that—-
say 45°—the plane containing the curve line is to make with the VP
Transfer—by ares strick from #'—the points 1', 2, 3, 4" in @'’ to
a"¥', and through these draw projectors into the VP, catting those
drawn through A, 1, 2, 3, 4, No. 1, to the datum line CB in¢, d, ¢, f,
#; a curve drawn through these points, as shown, will be the elevation
required. In this way the elevation of any curved line lying in a plane
making any angle with the VP, may be found, for the line, or the plane
in which it is supposed to lie, may he assomed to rotate vound the
datum line as an axis, carrving with it all its points, the position of
which with respect to the VP may always be easily determined, and
from them the projections of the lines in which they lie may he foune.

41. To find the projections of a compound curved line, or one no
part of which would coincide with or lie in a plane, the process is some-
what more difficult, as its appearance in two directions at right angles
to each other must be known, or given, hefore a third view of it can be
obtained. As an example—

A___

S

Fiy. 140
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Let AB, No. 1 (Fig. 140), be the elevation of such a curved line,
and ab, No. 2, another elevation of the same line, at right angles to
the first. It ie evident that such a line could not coincide with o
plane, yet if the relation of any points in it with the planes of its
projection be known, or ean he determined, then the plan or horizontal
projection of the line can be found. Let, then, the line ab, No. 2, be
the front elevation of the line, the VP being behind it, and AB, No. 1,
its side clevation, looking in the direction of the arrow 2. Then the
end A or a of the line is nearest the VP, or farthest from the eye;
and the end B or & the converse, To prove this, through A, No. 1,
and b, No. 2, draw the lines Ap, ¢f, perpendicalar o the IL; then Ap
will represent an end elevation or edge view of the VP—looking in the
direction of the arrow x—and ¢b that of a plane at right angles to the
VP. With the assistance of these as dafum planes we can determine
the distance of any point in the line AB from each of them, and thus
obtain its horizontal projection. A line drawn through a series of
points thus found will ie the plan of the curved line sought,

To find it, choose a suitable number of points in the given line AB,
No. 1, say at 1, 2, 3, 4; project these over on to a¥, No. 2, and produce
the projectors to meet the datum plane cb, as shown ; the exact position
in plan of any of these points can now be fixed. Froma, I, 2, 3, 4,
b, No. 2, let fall projectors into the lower plane, or HP, and on these,
in No. 3, set uﬂPfrom the IL the distances that the corresponding
points in AB, No. 1, are from Ap; through the points thus found draw
the line &' ¥, and it will bo the plan of the given compound curved line
sought. By letting fall similar projectors from the points in AB, Ko,
1, and setting off on them the distances that their corresponding points
in ab, No. 2, are from the datum plane eb, a similar plan of the com-
pound curved line will be obtained, us shown at «' B, No. 4, to that
found in No. 3, but at right angles to it, as AB, No. 1, is at right
angles to ab, No. 2.

From the foregoing explanation the student should be enabled to
apply the principles involved to the projection of any single curved
line, whether simple or compound ; but to show the actual appearances
the same curved line will assume in projection when occurring in
different positions, we give one problen: in this connection before pass-
ing on to the projection of curve-bounded figures.

By way of making the problem more interesting, and of practical
application, we will take an ordinary curve—such as is given to the
foot of a square or six-sided column—combined with a straight line,
and let the problem be—

Problem 46.—Given the clevation of a combined curved and vight
lins parallel to the VP, to find its plan and elevation when @ makes
ang given angle with the VP or IIP.

Let ABC, No. 1 (Fig, 140a), be the elevation of the combined line,
Being parallel to the VP, every part of it is equi-distant from it. Tts
plan, in this position, will be the straight line «'6', Ne. 2, parallel to
the IL, its length being determined hy projectors from A and B in the
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elevation. Produce BC, No, 1—the straight part of the line—verli-
cally to ¢/, and let ¢'C be ussumed as an axis round which the enrved
line can be turned through any given angle; and also as a datum line
from which measurements may ho taken, In AB--the curved part of
the line—take any convenient points 1, 2, 3, 4; and through them and
A draw projectors parallel to the IL, to meet the axis, or datum line,
ind, 1,2, 3, 4. Now, suppose ABC to rotate on the axis line ¢'BC,
from its normal position-—parallel to the VP—through any given
angle ; then its plan at that angle will still be » straight line, but it
will be at an angle with the Il.—or with its plan when in its first
position—equal to that it has been turned through, Tet this anglo
he one of 60°.  Then to find its elevation in this new position, proceed
as directed in solving Problem 45 by first projecting over on to ab in
plan the points in the curve, transferring them by ares to «'%, and
from thence by projectors into the upper plane, cutting those drawn
through A, 1, 2, 3, 4, B, in the points shown ; then a line through o
and these points to B will be the elevation of the curve in its new
position.

Neoxt, let this newly-found elevation of the combined line be inclined
to the HP in such a way that the axial line—and with it the part BC
of the combined line—makes an angle of 45° with the HP or TL; and
let its plan when in that posilion be required.

To put on the paper the new elevation, No. 3, in the required posi-
tion, draw in the axial linc ab the required angle, and to it transfer the
points in the sume line, No. 1; through these draw ordinates as shown,
and on them set off in points ¢/, 1, 2, 3, 4, the corresponding lengths
of the same lines in No. 1, and draw in the curve. To obtain its plan
in this position, let fall projectors from the several poinis in it in the
elevation, and through the corresponding peints in the plan, No. 2,
draw projectors parallel to the IL, cutting those let fall from No. 3;
a line drawn through the points of intersection of these projectors will
give o' BC, No. 4, the plan of the line required.

In the foregoing, Nos. 1 to 4, the axial line about which the com-
bined line hes been supposed to rotate has in cach case been assumed
to be parallel to the VP. Let it now be supposed, while still inclined
to the HP at the same angle as before, to be also inclined to the V1
at an angle say, of 45°, and let an elevation of the combined linc in
this position be required.

To obtain this, we must first show in on the paper, the plan of the
combined line in its new position with respect to the VP or IL,
before we can proceed with its elevation. This means that the last-
obtained plan of the combined line must be moved from iis present
position—viz., that of having the assumed axial line ¢ C parallel to the
VP—to one in which that line will make an angle of 45° with the VP
or IL; and is tantamount to swinging the line on its end C, as a pivot,
through an are of 45° in such a way that each point in it while heing
swung is kept at the same height—in its plane of rotation—above the
HP. This new position of the last-found plan of the line is therefore
correclly shown, by drawing a line—the assumed axial one—at on angle
of 45" with the 1L, and transferring to 16, as was done in the case of
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No. 3, the various points, ordinates, etc,, of No. 4, as given in No, 5,
Its elevation is then obtained by producing the projectors drawn
through the points &, 1, 2, 3, 4, BC, No. 3, and intersecling them by
those drawn through the corresponding points in the plan No. 5. A
line drawn through the points where these projectors inlersect will give
the line a'BC, No. 6, which is the required clevation.

42. To familiarize hinwself with the principles involved in this very
interesting part of our subject—rviz., the projection of curved lines in
any position—the student should accustom himself to make wire
templets, of copper or lead, hent to the exact shape of the lines
given for projection. Such models, when posed bLefore him in the
positions stated in the problems, would materially assist him in
obtaining the correct projections required, as he would be able to
follow the movements of any points in them in the different positions
they assume, Practice with such models is all the more advisable in
view of the more difficult problems that will have to be mastered in the
projection of solids having curved surfaces, when inclined, or otherwise,
to the planes of their projection.

After the foregoing full explanation of the application of the
rinciples of projection to curved lines, the projection of curved-
hounded figures, to which we now puss, will present little or no

difficulties.

As the simplest possible curve-hounded figure is the circle, its
projections claim first attention. We have defined such a figure as the
path deseribed by a moring point that is always at the same distance
frow a fixed point, arcund which it moves. When such a figure is cut
out of any material substance, such as a piece of metal plate, or card, it
is ealled a dise, TLooked at in various dircctions, it assumes different
forms. The exact form taken is obtained by projection. Our first
problem in connection with it is—

Problem 47.—Given the plan of a cireular plete, to Jfind its front
and side elevation.

Let the straight line ADB, Fig. 141, No. 1, be the given plan. Now
as the edge view of a dise, looked at from above, is a straight line, we
see that if AB is such a view, the plate must be perpendicular to the
plane of its projection, or the HP, and being parallel to the IL every
part of its surface must be parallel to the VP ; therefore its elevation
will be a cirele und have its bounding-curved line everywhere cqui-
distant from its centre. To find this bisect AB in C, and through C
draw a projector into the upper plane at right angles to the TI.. Take
any convenient point in this projector at a greater distance from the
IL than half AB—say a’—and through &’ draw a line parallel to the
II.  With ¢’ as a centre and AC, No, 1, as a radius, describe the circle
aebd, No. 2, which will be the front elevation of the circular plate. Tf
eorrectly drawn, vertical projectors through A and B in the plan should
ent the diametral line deawn through the centre ¢’ of the eircle in the
points ¢ and & in that line.  Then as the surface of the plate is parallel
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to the VP, the sido elevation of it will be the straight line ¢'¢, No. 3,
parallel to ed, No. 2, abtained by projectors from ¢ and d, as shown.

Fy 121 Fg 242,

Next, let the line ADB, Fig. 142, No. 1, be the given plan of the
cireular plate, and its elevation he required.

Here the plate being still represented in plan by a line, is perpen-
dicular—as in the previous case—to the I[P, but being inclined to the
VP its elevation becomes an ellipse, or a curve-bounded figure in which
points in its bounding line are not all the same distance from its centre.
To find the elevation, hisect AJ3 ag before in C, and through C draw Ce,
at right angles to the IL.  Choose any point in Ce, as o', and through it
draw a line parallel to the L. Set off in ¢ and ¢ from o' on the pro-
Jjector through C, a distance equal to AC or CB, and throngh A and B
draw projectors into the VP, cutting the line through o’ in g, & then
wchd, No, 2, will be four points in the ellipse, the line between ¢, € being
its major axis, and that between a, b its minor axis. Divide ADB in the
plan into any number of equal parts, say six, in the points 1,2, C, 3, 4;
through these at right angles to AB draw ordinates to the semi-circle.
Project points 1, 2,3, 4, in AB on to the minor axis «b in the elevation,
aud through them draw lines parallel to ¢d. Set off on these on cithor
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sitle of «b, the length of the correrponding ordinates to the semi-cirele in
No. 1, and through the points thus obtained draw the curve of the ellipse
as shown in No, 2, which will be the required elevation of the cireular
plate in its new position,

43. Tor the better comprehension of this last problem by the student,
before passing to the next a few words in further cxplanation of its
solution is desirable. Tt has been shown in previous problems in the
projection of curved lines that if the pesition of points in the curve can
be determined the problem is virtually solved. Tn the case of the circle
in Fig. 141, it would have been quite possible to have first found any
numiber of points in the bounding line and then to have joined them
by a line passed through them, and thus have produced the cirele, but
the use of the compass obviated the necessity. In the problem hefore
usg, the neecssity exists for finding exactly several points in the required
elevation of the object in the readiest possible way. The original object
being a cirele, a regular figure—as distinguished from an irregular one
—whose surface is readily divisible into parts, it is apparent that by
turning down one half of that surface on the line AB in No. 1 as a
diameter, and drawing lines upon it at right angles to AD, through any
points in the semi-eircle, we can at once find the actual length of those
lines and transfer them to their vertical projections in No. 2. The
solution of this problum may also be reasoned out in another way. The
original line AB, No. 1, is in fact—as was shown in the previous
problem—a curved line, although presented to the eye as a straight
one, every point in it, on either side of that at C, being farther from the
cye the farther it is to the right or left of C. Ay the actual length of a
line drawn across the circle at C, through its centre to the opposite
edge, is known to be oqual to AB, or twice Ce, so can the distance
across the circle through any other point in AB be ascertained in the
same way. Faor, as the ordinate Ce is measured at right angles to AD,
su any other, as 2, ¥, is equal to half the distance from ihe point 2'
across the circle to the corresponding opposite point in its edge.
With this explanation the following problem should present no
difficulty in its solution.

Problem 48 (Fig. 143).—CGiven the plan of « eirewlar plate as a
circle ; to find ity projections in the VI and ML when moking w
yiven angle with either plane,

Let the circla ABCD, No. 1, be the given plan, the diametral line
AB being parallel to the IL, and the similar line CD perpendicular to
it. DBisect each quarter of the circle in the points 1, 2, 3, 4. As
shown, the surfaces of the plate are evidently parallel to the HP.  Teb
it now be inclined to that plane at an angle of 60°, keeping the
diametral line AG parallel to the HP, and the point € uppermost, or
nearest to the eye. 'To obtain its elevation when in that position, an
edge view of it—Jooking in the dircetion of the arrow w—must fiest he
given, which will be a line equal in length to CD, inclined to the IL at
the required angle.  Draw in this line CD as in No. 2, and bisect it in
the poiut B, which will Le the end of the diametral line AD, nearest
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the eye in side elemtlon A being the point beyond it across the
cirele. Thmugh B, No. 2, draw a projector parallel to the IL, and in-
tersect it in points a, b [‘lo. 3} by projectors from A and B in No. 1.
Ivansfer points 2 and 4 in No. 1 to 2 and 4 in Ne, 2, and t]lmu;,h
them draw projectors parallel to that through B; then from 3, 4, in
No. 1, mterscct by pm]er.:t:or-i—“hlch will pass t-hmu"h 1, 2—1;110%
drawn from 2, 4, No. 2, in 1, 2" 3, 4, No. 3. Thmug]l the eight
points thus fuund draw the clo:»«] cur\red bounding line shown, and
the figure or ellipse will he the front elevation of the circle No. 1in
plan when inclined at an angle of 60° to the 1P, and 30” to the VE.

To find the plan of the plate in this position, let fall projectors
from the points in No. 2 into the HP, and their intersection by those
drawn through C, 2, I3, 4, D), No. 1, will give points through which
the ellipse No. 4—which is the plan of the circnlar plato—is to be
drawn. It is here seen that the form assumed by a circular plate
—or a circle—oentirely depends upon the direction in which it iy
viewed, alternating, as it may be made to do, from that of being a true
circle—or any form of ellipse—to that of a perfectly straight line.
The student will note what may appear to be a discrepancy in the
lettering of the last-obtained projection of the original object, No. I,
bt ho will find that it is correct when he remembers that the view of
it given in No. £ is that of No. 1 looked at in the direction of the
arrow x, and therefore furned through an angle of 90°. If a disc,
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simitar in size and similarly figured, be cut out in card and laid upon
No. 1 with a pin through the centres, it will be found, on turning the
card dise through an angle of 90°, that all the poinis on it will have
shifted through that angle, bringing A and B where C and D now are,
thus showing the projection No. 4 to be correct.

44, Before leaving this part of our subject, as elliptical figures
will be very frequently required, weé here give a simple method of
drawing such a figure, which is sufficiently near the true form for all
the practical purposes of the draughtsman, and which obviates the

by _Zf'y]fﬂ??
——

necessity of finding all the points in the curve. Premising that the
student understands that an cllipse differs from the cirele in having its
dinmeters of unequal length, and that the sum of the distance of any
point in its curved-bounding line, from two fixed points—enlled its
foci—in its longest diameter is always the same, then draw an cllipse
by the methed above referred to :——

Let the line ADB, No. 1 (Fig. 144), be its major or longest diameter
or axis, and CD, drawn at the mid-length of and at right angles to
AB, its minor or shortest diameter or axis. Anywhere on the sheet
of drawing paper draw two lines, as ae, be, No. 2 making an angle
with cach other—say 30°—intersecting at c. On a ¢ set off with the
compasses from ¢, half the length of AB, No. 1, and deseribe the arc
de, amel on be with half CI» as radius, and from the same centre,
describe the ave fy, join Jf by a right line, and parallel to it draw
lines through ¢ and g, cutting ae in point 1, and fc in point 2, Then
on the major axis AB, No. 1, set off from A and B the distance ¢l,
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No. 2, in the points 77, and with it as a radius from /! as centres,
draw ares of about 30° through A and B. On the minor axis CI set
off from C and D, the distance ¢2, No. 2, in the points w @', and
with it as a radivs and mm' as centres draw through C and D ares
similar to those drawn through A and B. For intermediate points
take a straight-edged slip of paper SP and mark on its edge with a fine-
pointed peneil in points 1 and 3, half the longer axis «A, or «B, No.
1, and in point 2—measured from point 1—half the shorter axis aC,
or eD. If, then, this slip of paper be laid on the figure No. 1 and
moved over it in such a way that point 2 in its edge is always on the
major axis, while point 1 is on the minor, point 3 will describe, if
carried through a whole revolution, a perfect ellipse. As, however,
only a few points are required between the ends of the arcs already
drawn, these can be marked off from the edge of the slip of paper by
moving it in the desired consecutive positions.

n



CHAFPTER XIIL
THE PROJECTION OF SOLIDS WITIH CURVED SURFACES

45, Tugk particular solids with which we have lere to deal arve
thote known as “solids of revelution,” which are assumed to be
“generated,” ov produced, by the revolution of certain geometrical
figures round one of their bounding lines as an axis ; the other lines
in their civcling vound this axis enclosing a space—assumed to be
materiul—of n certain form, dependent upon that of the generat.
ing figure, A “solid of revolution” therefore implies an object
having curved-bounding surfaces. Of such solids there are three
primary ones of which machine details are made up—viz., the eylinder,
the cone, and the sphere—the subsidiary ones being generated by
figures which are portions of plane sections of the first two primary
ones.

A Cylinder is a solid generated by the vevolution of a rectangle
about one of its sides as an axis. Tf ABCD, Tig. 145, be the rect-
angle, then if it be caused to revolve round AB as an axis, making one
complete circuit, the sides AD, DC, CB will generate the solid called a
 eylinder,” having a height, or length, cqual to DC, o diameter equal
to twice AD, and its ends E, I, circular flat surfaces, at right angles
to its axis AB.

Fip 2ty

A Cone~If one half of the rectangle—divided diagonally—Tig.
146, be removed, leaving the rightungled triangle ABC remaining ;
then, if this triangle be revolved on AB as an axis, as before, the solid
generated will be a “cone,” us in Fig. 146, its base DC being a circular
tlat surface at right angles to its a:gg AB.
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A Splere.—Again, if the two lines AC, BC of Fig. 146 be removed
and a semi-circle be deseribed on AB as a diameter, as in figure 147,
then on revolving this figure AD ag an axis, as before, the solid gene-
rated will be & * sphere,” asin Fig. 147.

As the subsidiary solids hefore referred to are gencrated by parts of
certain sections of the eylinder and cone, their definition is deferred
until those sections have been found by projection. Taking the
“cylinder” as the first curved-surfaced solid as our object, the prob-
lem is —

Problem 49 (Fig. 148).—Given the plan of a cylinder with its awis
perpendiculur to the 1P, to find ity elevation when its length ds twice
its dinmeater.

Let the cirele AR, No. 1, be the given plan ; then its centre a will
he the plan of the axis of the oylinder, Find by projection the eleva-
tion of this axis &’ a. Assume the cylinder io be standing with one
end on the HP ; then, as its ends are in the same relative position ag
the sides of the rectangle which generated them—viz., parallel to each
other—and onc of them is on the HP, set off on the axis, from the
IL, the length of the cylinder in the point a’, and through it draw a
line parallel to the IL.  Now, in looking at the eylinder in the direc-
tion of the arrow in the plan No. 1, the visual rays will impinge upon
its surface from A to B; at A and B the rays will be tangential, and
being at the same time perpendicular to the plane of projection, or the
VP, they will strike both sides of the cylinder in lines cflra,wn through
A and B on its surface, perpendicular to the HP.  Therefore through
A and B, No. 1, draw the lines AC, BD, No. 2, and the required
clevation is obtained.

Now, let the cylinder be inclined to the IIP, at an ungle of 45°—its axis
being still parallel to the VP—and its plan when in that pesition e
required,

First draw in the elevation of the cylinder in the given position, as
in No. 3. Jts ends AB and CD are now inelined to the IL or HP,
and will in plan become ellipses—as explained in Problem 40—
because they are circudar, but inclined to the plane—the HP—on
which their projections are required. Now, in viewing the ¢ylinder
in this position from above, or in the direction of the arrow, only one
of its ends, AB, will be seen, the other, CD, being by its inclination in-
visible. To find its plan when so inclined, first draw in the plan of its
axis a'a; on it obtain by projection the plan of the end AB, No. 3,
as shown by the ellipse Al, B2; through Foinus 1 and 2, in this ellipse,
draw lines parallel to the IL, which will be plans of the sides of the
cylinder seen from above, or along the line a's, No, 3; then find
by projection the plan of that part of the bottom edge of the cylinder
that will be seen, and the required plan will be obtained.

Again, let the cylinder, as in No. 5, have its axis inclined to the VP, at an
anyle of 3Y°, but parallel to the HP, and its elevation be requived,

To obtain this, procced as in the last case, by gotting first the
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clovation of the axis, and then finding by projection the twe ends of
the cylinder upon it, and drawing in its sides as shown in No. 6.
For the projections of the © cone ™ the first problem is —

Problem 50 (Fig. 149).—Given the plan of a cone, having its axis
perpendicular to the I P, and an altitude equal to twice the dicme-
ter of its base, to find its elevation.

Let the circle No. 1, Fig. 149, be the given plan of the cone; its
centre @ a9 in the cylinder will be the plan of its axis. Find by pro-
jection the eltvation of this axis, and on it set off from the 1L the
altitude of the cone in point «’. Through «, the centro of the circle in
No. 1, draw AB parallel to the TI. Find by projection the elevation
of points A and B—in the base of the cone—on the IL, and join these
by right linos with point @’ on the axis @' @. The triangle A ¢’ B will
be the required elevation.

Naxt, let the base of the cone be inclined to the I[P at an angle of 45",
Leeping its axis parallel to the VP, and its plan be vequirad.

Here, an elevation of the cone at the given angle must first be
drawn in, as in No. 3; then find the plan of its axis, which, being
parallel to the VP, will be a line parallel to the IL, as in No. 4,
Obtain by projection the plan of the base of the cone, which is an
ellipse, its major axis being CD and its minor AB, No. 4; then find
the plan of the apex «, No. 3, of the cone in a', No. 4, and join it by
right lines to points C and D ; the required plan of the cone in the
position stated will thus have been obtained.

Again, let the axis of the cone be parallel to the HP, but inclined to the
VL, at an angle of 45°; and its elevation te vequired,

To obtain this, draw-in the plan of the cone in the position
stated, then find the elevation of its axis, and on this, by projection
from the plan, draw-in the base, which will be an ellipse ; join the two
ends of its major axis with the projected apex as shown in No, 6, and
it will be the required elovation.

As a “sphere,” when locked at from any direction, is a ecircle,
when projected, we shall defer any problems in connection with it
until we come to consider the projections of its sections—which will
follow those of the cylinder and cone, to which we next give attention.
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CHAPTER XIV
TIE PROJECTION OF THE SECTIONS OF A CYLINDER

48. Frox the definition previously given of a “eylinder,” it
follows that any and every point in its curved surface is at the same
distance from its axis; every plane section of it taken parallel to
the axis iz a rectangle, while every section at right angles to its
axis—or parallel to its ends—is a circle. These are self-evident truths,
and require no graphic illustration to prove them. It is then with its
sections not taken in either of the directions mentioned that we shall
now deal.  Qur fivst problem in connection with them is—

Problem 51 (Fig. 150).—@iven the elevation of o cylinder, cut by
a plans making an anyle with its axis; to find the sectional
elevation.

Let the cutting plane KP, No. 1, make an angle of 45° with the
HP, and be perpendicular to the VP, and the view required be that
in the direction of the arrow. To solve this problem, we must know
the distance between any point in the line of section on the front
side of the eylinder, and its corresponding point on the side of the
cylinder nearest the VI To determine this, first find the plan of
the cylinder No, 2, and project over in No. 3 the elevation of the
lower part of the cylinder not affecied by the cutting plane. Then
to find the contour of the section, choose any points 2, &, 3, in the
line KP; from these let fall projectors into the HP, cutting the
cirelo No, 2 in the points 22" ; 3'3°. Similarly through peints 1, 2,6, 3,
1,in KD, No. 1, draw projectors parallel to the 1L through the axinl
line &’ No. 3, and on them set off from No. 2 the lengths of the lines
2'9"; 3'3”; then a curve drawn through the points thus obtained will
give the required projection. As the cylinder is standing verlically
on the HP, the plan of No. 3, although having its upper surface in-
clined to its base, will still be a circle ; but as that surface is in section,
it has to be cross-lined as shown in No. 4. )
Neat, let the direction of the cutting plans ba KP, No. 5, and an c!e'raﬁan

and plan of the section e required, when the part to the left of the
cutting plane is removed,
103
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The portion of the eylinder left in this case is called an wngule, and
the required elevation and plan of the section are obtained in a similar
way to No. 3 and Ne. 4 First, to find the elevation: choose, as
hefore, a convenient number of points in the line KP; from them
let fall projectors, eutting the plan of the eylinder No. 6, as was
done in No. 2. Similarly, from the same points draw—parallel to
the IL—projectors through the axial line No. 7, and on these set off,
in their proper order, the lengths of the corresponding lines found
in No. 6; a line deawn through the points thus found will give the
elevation or eontour of the section made by the cutting plane KP,
in its altered position, which is a portion of an elongated ellipse.
The plan of this section of the eylinder shown in No. 8, differs
little from that of No. 3; the section plane KP, passing out of the
.eylinder within its base at K, cuts off a portion of the base, as shown
by the line e,

As the projections of all the possible sections of a eylinder are
obtained in the same way as the foregoing, further examples need
not be given, and we can now proceed to consider those of the cone.




CHAPTER XV
THOE PROJECTION OF THE CONIC SECTIONS

47. THE same preliminary remarks may be made in reference to
the simple scctions of a ‘“cone” as were made in the case of the
cylinder.” From the definition ‘given of a cone, and its assumed mode
of generation, it will be at once seen thab any section of it taken
through its apex to its base will be a triangle, while a section parallel
to its base—or at right angles to its uxis—will be a circle. Admitting
these as self-evident truths, we have then to define these other
sections of the cone not taken in the directions mentioned, and to
show how their projections are obtained.

* The three most important sections of a cone—other than the two
mentioned—are the “ellipse,” the ¢ parabola,” and the “hyperbola.”

If a cone be cut by a plane inclined to its axis, or its base, the
scetion i3 an ellipse, or a regular closed curve having diameters
differing in length.

Ii the section of a cone be made by a plane parallel to its axis,
but not coinciding with it, then the section is a Ayperbola.

f a cone be cat by a plane parallel to its slant side, then the
section is a purabola. From its definition it will be readily understood
that the clevation of a cone when standing with its axis vertical is a
triangle, and its plan a circle.  Before attemnpting the projectien of any
of its sections, it must first be known how to find the plan, or
elevation—either being given—of a point on its surface, as this will
materially assist in finding its scetions.

In Fig. 151: If No. 1 be the plan of a cone, Na. 2 its clevation,
and @ in No. 1 a given point on its surface, it will be seen from its
assumed mode of generation that this point must lie somewhere in the
slant side of its triangular generator « Ab, No. 2. Now every point
in this line—it may be assumed to be made up of points—in its
revolution about the axis ' of the cone describes a circle, and the
circle in which  must lie wili have a radius equal to the distance
between it and a; therefore in No. 1, with & as a centre and o »
as radius, deseribe a circle cutting the diametral line AB in &,  Again,
through the given points @ and e in No. 1, draw the line are, cutting
the base AB of the cane in ¢. Find in No. 2 the elevation ¢ of ¢

106
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No. 1, and from it draw the line '’ No. 2; then this line will he the
clevation of @, No. 1, on the surface of the cone, and it is 7n ¢ that
the given point a lics. To ascertain where, get the elevation of the
cirele drawn through x in No. 1 by a projector from #, cutting the
slant side &’ A of No. 2 in point o, then the point a, where a line
through " parallel to AD cuts ¢'¢’ No. 2, will be the required elevation

.}}'y 252

of the original point = given in No. 1, for the line Jast drawn may be
assumed to be the base of a cone of a lesser height than the given one,
z being a point in its base in the same position relatively that ¢ or ¢ is
in the base of the larger or given cone. By a converse process to that
here so fully explained, the plan of a point on the surface of a cone
may be found from its given elevation. We now proceed to the
projection of the conic sections, and as a first problem we take—

Problem 52 (Fig. 162)—Given the plan and elsvation of a cone,
to find its sectional projections when cut by a plane at an angle
of 807 with its awis.

Let No. 1 and No. 2 be the given plan and elevation of the cone,
and LS, No. 2, the line of section. Draw in the axial line No. 3, and
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produce it into the HP. Choose any eonvenient points, as, 1, 2, 34,
5, in LS, No. 1, and through them, parallel to the IL, draw lines to
cut the sides A«’, B, of the cone. These, being parallel to its base,
will each be the edge-view of a circle or base of a small cone.  To find
the distance through the cone at the points 2, 3, 4, in LS, No. 2—for
this is what is wanted to be known--let fall from them projectors
into No. 1, parallel to the axinl line we’; then from @, No. 1, as
centre, and with ralii equal to half the length of the lines drawn
through 2, 3, 4, No. 2, draw arcs, cutting the projectors let fall from
these points in 227, 33", 44, No. 1, the length between which
is the distance through the. cone at their correspunding points in
No. 2.

Then, for the contour of the scetion, project over on to the axial
line No. 3, the points 1 and 5 in LS, No. 2, and from the other points
2, 3, 4, draw projectors parallel to the IL through the axis No. 3. On
these, set off the lengths 22", 3'3", 44", taken from No. 1, and
through the points thus found draw the curve of the ellipse. With
the radius a4, or aB, No. 1, seé off from the axial line on the IL,
No. 3, the base of the cone in CD; join these with points 33", and
the required elevation is obtained. The plan of the section obtained
in No. 3, will be the ellipse, found by drawing a line through the
interseetions of the ares and double ordinates in No. 1. To show this
in its correct position as a projection of No. 3, transfer the points and
lines in it to No. 4, as shown, and it will then be seen that projectors
let fall from the points in the section No. 3 will fall upon their
transferred plans in No. 4. A line drawn through these points will be
the required plan of the cone when cut by the section plane LS, No. 2,
The student must remember that the view No. 3 being at right angles
to that of No. 2, the plan No. 4 is necessarily in the same position
with respect to No. 1.

Newt, let the cone be cut by a plane parallel to its aris, and its
aectional projections b required. :

48. In this case the projected section will be a true *hyperbola,”
as the view obtained of it will be directly at right angles to the
cutting plane. Let No. 5 and No. 6, Fig. 152, be the given elevation
and plan of the cone, and LS, No. 5, the line of section. The simplest
way to obtain the required elevation will be te eut up the cone—from
the point where the cutting plane enters it—into horizontal sections, and
then find where the plane of section enters and leaves their horizontal
surfaces, To do this, draw lines at suitable distances apart, as 1 1,
272,35, 44, parallel to the I, as shown in No, 5. Theee will all be
odge-views of circular planes perpendicular to the VP. The circle
ACDBD, No, 6, is the plan of the cone; to find where the section
plane passes through it, produce the line IS, No. 5, and it will cut the
cirele in a line p ' parallel to CD. The part of the eone to the lef6 of
the section plane may now be supposed to be removed, showing when
looked at in the direction of the arrow on the left the exnct contour of
the section. To find this, all that is required to be known is the
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width across the fuce of the section at the heights of the circular
planes 1, 2, 3, 4, No. 5. Draw in, as in No. 7, the side elevation of
the cone. Project over from No. § on to its axial line the point 1,
where the cutting plane first enfers the side of the cone—which will he
the highest point in the curve—through points 2, 3, 4, in L8, No. 5;
draw lines in No. 7, parallel to the IL or CD. In No. §, with a as
a centre, and the half-lengths of the lines drawn through 2, 3, 4,
No. 5, as radii, draw ares cutting the line pp', No. 6, in the points
292,33,44; the distances hetween these points severally will be
the distances across tho face of the section at the heights of their’
corresponding points in No, 5. Set these distances off on the lines
drawn in No. 7; then a eurve drawn through the points thus found
will be the required sectional elevation of the cone, eut by a plane in
the position given. This curve is a true Ayperdolsz, because the plane
of the section of the cone producing it is parallel to the cone’s axis und
to that of the plane of its projection. The plan of this section, from
its position with respect to the HP—viz., perpendicular to it—becomes
a straight line, which, combined with the part of the cone not affected
by the cutting plane, will appear as shown in No. 8.

Again, let the cone le cut by a plane parallel to its slani side, and the
sectional projections, elevation, and plan be required.

Let No. 1 and No. 2 (Fig. 153) be the elevation and plan of the
cone, and LS the cutting plane, drawn parallel to its slant side Aal |
Here the true form of the section will be a “parabola,” but the plane
of the section leing inclined to that of its projection, or the VP, the
view obtained of it, looking in the dircction of tho arrow, will be its
apparent and not its true form; but this point will be explained
further on.

To find the sectional elevation, first choose, as before, suitable
points, sach as 1, 2, 3, 4, in the line LS, No. 1; through them and
point & draw lines paralle]l to AB—the base of the cone—to touch both
of its slant sides Aa’, Ba’. These lincs, as in the last problem, will be
edge-views of circular planes. From the points 8, 1,2, 3, 4, T let fall
projectors on to the plan No, 2, parallel to the axial line a'a. With
the half-lengths of the lines first drawn through S, 1, 2, 3, 4, as radii,
and &, No. 2, as centre, cut the vertical projectors let full from these
points in 1117, 2'27, 3'3", #4".  Through the corresponding points in the
elevation No. 1 draw horizontal projectors through the axial line a'a,
No. 3, and on them set ol the distances—taken from No. 2—between
the points 1'17, 2'2", 3'3”, 4'4”; then a line drawn through the points
thus found will give the elevation required.

The plan of this section, as shown at No. 4, is obtained in the same
way as the plun of the hyperbola No. § (Ifig. 152)—viz., by transferving
to No. 4 the points obtained by the intersection of tho arcs and double
ordinates in No. 2, and through them drawing the parabolic curve, as
shown.

By the same method of procedure as shown in the three foregoing
problems, the projection of any possible plane section of the cone can be
obtained. Nor is the method confined to the scetions made by a plane :
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it is equally applicable to those producing a curved sectional surface.
As an example in this direction, take the following as a problem—

Problem 53 (Fig. 154).—Given the jromt clevation of a cone, and the
curve of the line of section, lo find the sectional elevation of the same.

Tet No. 1 (Fig. 154) be the given elevation of the cone, and LS the
curved linc of section. Take, as in the previous problems, any con-
venient number of points in L&, Neo. 1, and through them draw lines
parallel to the base of the cone. Draw in the plan of the cone No. 2,
and let fall into it, parallel to the axis, projectors from the points taken
in L, No. 1. With , No. 2, as centre, draw ares as before, cutting
the vertical projectors from the points in the curve in No. 1 in corre:
sponding points in No. 2, Then, to find the elevation of the curved
section, draw in the outline of the cone ag in No. 3, and the projectors
from the points in I8, No. 1; upon these set off the length of the
double ordinates previously found in No. 2, and through the points so
abtained draw in the closed curve shown in No. 3. The plan of the
section found in No. 3 is obtained in precisely the same way as in the
Ql_'eviaus problem-—viz, by transferring the points found in No. 2 to
No. 4, and drawing through them the closed curve as shown therein,

49. In a previous paragraph reference is made to the question of
the trus and apparent form of the section of a solid.  As it isabsolutely
necessary that the student should distinctly appreciate the difference
between these views of a solid, we give in Fig. 150 a graphic illustration,
showing wherein the difference exists. The solid chosen for its
explanation is the cylinder, it being the simplest for the purpose,

A eylinder—ABCD (Fig. 155)—ie placed with the axis perpendicular to,
and one of its ends resting on, the HP ; the true form of a section of
it is requered when cut by a plane SP, inclined to its axis at an angle
of 45°. :

Now, a frue section of the solid on the line given should, he such
that—supposing the cylinder to be of material substance and cut
through on that line—the section of it obtained by projection, if cut
out in paper and laid on the cut surface of the solid, should exactly
fit it.

In the projected section of a similar solid in Fig. 130, it is evident
that if the ellipse obtained were cut out in paper and applied to the
solid on the cut surface, it could not possibly fit it, as the major axis of
the projected ellipse would be found to be of & less length than that of
the line of section ; to find, thevefors, the true section, a view of it must
be got directly at right angles to the planc of section, or in the direction
of the arrow ¥ in Fig. 156.

This view may be obtained in two ways, cither by direct projection
from the plane of section with the cylinder standing as it is in the
figure, or by moving the cylinder into such a position as to bring the
plane of seetion SP at right angles to both the VP and HP, and then
getting a side elevation of it. The latter of the two ways, as it gives

P I v
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Fig. 154
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1, 2, 3. TFor the form of the section p draw in, in No. 3, the axial
line a'a; project over to it from sp, No. ], the points & and p', and
from 1’, 2, 8" in sp draw projectors through a'a, IE? 3. On these sot
off the length of the corresponding double ordinates drawn through
1, 2, 3, No. 2, and through the points thus found draw the ellipse
82p2, No. 3, which is the required trus form of the section at the line
BP, No. 1.

50. As opportunitics will oocur as we proceed with this part of our
subject of obtaining the true forn of section of any selid in another
way than that just explained, we pass on to the sections of the third of
the primary solids with which we are dealing—viz, the *sphere.”

Now, as the sphere is generated by the revolution of a semicircle
about its diametral line—or chord—as an axis, it follows that eny plane
section of the generated solid must be a cirele, whether it pass through
the axis or not, for any and every point in the eurved-bounding line of
the semi-circle not only deseribes in its cirenit round the axis a true
circle, but is at the same time at an equal distance from the centre of
the solid which is generated. It follows from this that all the sections
of a sphere, by annes passing through its centre, are equal circles,
having the same diameter and centre as that of the sphere. Such
cireles are known as “ great circles” of the spheve, and their projections,
if taken at right angles to the plane of section, are oircles equal to their
originals.  If, however, a sectional projection of a sphere is required at
an angle to the plane of section, then the projection becomes an ellipse,
and is obtained in the swne way as that of any circular plane or disc
when at an angle to the plane of its projection. Asall such sections of
a sphere would in projection be ellipses, only one problem is given in
this connection, which will show the difference between the sections of
the same sphere when cut by a plane st varying angles to ils plane of
projection. The problem is—

Froblem 54 —Given the plan of a sphere and the line of section, fo find
ils sectional elevation.

Let AB, No. 1 (Fig, 1566), be the plan of the sphere, and SP the
line of section, the axis &' or pole of the sphere being perpendicular to
the HP. Here SP being parallel to the axis o’ and to the VP, the
section of the sphere by it will be a circle. To find its elevation, first
show in that of the sphere AB, No. 2. Project over point 1, in SP,
No. 1,t0 1 in AB, No. 2; then in No. 2, with ¢ as centre and £1 as a
radius, describe the civele 1, 2, and it will be the sectional elevation
required. Tor 8P, No. I, being parallel to the VP, the circular section
made by it will be concentric with the great circle AB, No. 2, and
therefore their centres will be coincident; and as SP cuts the great
cirele AB, No, 1, in points 1 and 2, the elevation of the section made
by SP will be a circle, having a diameter equal to the distance between
tly;oae points, as shown by its projection in No. 2,

Next, let the splere be turned on ifs axis in the divection of the arvow in
No. 1, until the section plane SP is at an angle—as in No. 8—with
the VP, and its elevation be required.
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Here, SP being inclined to the VP, the elevation of the section will
be an ellipse. To find it, first get the elevation of the sphere, as in No.
4, having «'e for its axial line. Bisect the distance hetween 1, 2 in 8P,
XNo. 3, in the point 4, and through it draw a projector to cut AB, No, 4,
in &, also project over points I, 2 in 8P, No. 3, to points 1, 2 in AB,
No. 4. XNow the true section of the sphere made by 8P is a circle of a
diameter equal to the distance between points 1 and 2 in that line, and
it is the elevation of this eircular section inclined to the VP, as shown,
that is here requived. It is left fo the student without further explan-
ation to find the resulting elliptic section, as was done in Problem 48,
Fig. 143,

Again, let the problem be—

Problem 55.—Civen the elecation of a spherve cut by o plane inelined
to the HP, to find its sectional projections.

Let No. 5, Fig. 156, be the elevation of the sphere, and SP the line
of section. To find the side elevation, first draw the outline of the
sphere, as in No. 7. Then as the true section of the sphere by SPisa
circular plane, find by Problem 48 its vertical projection when inelined
as in No. 3, which will ba an ellipse as shown in No. 7. For the plan
of No. T in its correct position, proceed as was done in the case-of the
cone No, 1, Problem 52, by finding the plan of the points in the contour
of the section, as in No. 6, and transfer them to No. 8; then a line
drawn through the points so found will give, as in No. 8, the required
sectional plan of No. 7.

Tn the same way as here shown can the projection of any possible
seetion of the sphere be obtained, no matter il:uw the line of seetion be
drawn, or whether it is straight or curved, as the same rule holds good
in this case as in that of the cylinder and the cone—viz, Find the

uetval distance across the face of the cut surface of the section, from
any points on the surface of the solid—in the line of section—nearest
the eye, to those directly behind them on the opposite side farthest from
the eye, and the problem of its projection is solved, for the points
denoting the distances thus found have only to be put in on the -paper
in their proper places, and a line drawn through them will give the
seetional projection sought.

51. Having shown how the sectional projections of the three primary
solids—the cylinder, the cone, and the sphere—are found, we now
on to the consideration of those subsidiary solids of revolution which
are generated by parts of the seetions of the primary ones.

The particular solids of this class which assist in giving shape to
machinery details ave the “spheroid,” the * conoid,” the ¥ cylindroid,”

“the “spindle,” and the “oval”; and they are thus defined :—

A spheroid is a solid generated by the revolution of a semi-ellipse
about one of its dinmeters. If about its fonger one, it is a prolate
spheroid ; if about its shorter one, an oblute spheroid.

A conoid is a solid generated by the revolution of half. of a conic
section ahout jts axis, and beevmes an “ellipsoid,” * paraboloid,” or
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“hyperboloid,” according as its generating figure is half an ellipse,
patabola, or hyperbola.

A eylindroid is a cylindrical solid having elliptical ends.

A spindle is a solid generated by the revolution of an arc or portion
of a curve cat off hy a chord or double ordinate, avound which it
revolves as an axis, It is circular, elliptie, parabolic, or hyperbolie,
according as the generating are, or curve, is a portion of a eircle, ellipse,
parabola, or hyperbola.

An oval is an eggshaped solid, and may be conceived to be com-
pounded of half a sphere and a like portion of an elliptic conoid.

As all the above-defined solids are assumed to be generated by the
revolution of a particular figure about an axis, it follows that a eross-
section—at right angles to its axis—of any one of them will be & circle,
while a section through its axis will he o similar figure to that of which
its generator fyrmed a half-part. An oblique section through the axis
of all of them would be a figure of elliptic form, while one which did
not cut the axis would partake of the form of its axial section. Under
these cirenmstances, as the finding of any required section of one or all
of them merely involves the application of methods of procedure alveady
explained, it is unnecessary here to further elaborate them. All that
is required by the student for the mastery of this pari of our subject,
is to thoroughly appreciate the exact form and mode of generation of
the different solids enumerated. This attained, there will be no difficulty
in the solution of any problem that may arise in connection with their
projection,

Before concluding this chapter, and with it the subject of the
« Projection of Solids with Curved Surfaces,” it will be necessary to
show, how the principles explained in Chapter X1, on the “ Lining-in of
Drawings in Ink,” are to be applied to representations of this class of
solids.

It has been shown in Chapter X1, that the projections of rays of
light, in the direction they are assumed (in Mechanical drawing) to fall
upon the object illumined, are parallel right lines in plan and elevation,
making an equal angle of 45° with the intersecting line of the planes
of projection. To determine then how to linein the representation
of a curved-surfaced solid, we have to find how the light falls upon it.

Now to do this, let the cirele cedb in No. 1, Fig. 156a, be the plan
of a cylinder, and the rectangle ABCD No. 2 its elevation. Through
@, the axis in No. 1, draw lines at an angle of 45° with the IT,, cutting
the circle in points & and ¢; and through & draw a line parallel to ca.
Also through b and e, in No. 1, draw lines in No. 2, perpendicular to
the IT, and produce them to meet AB, the top-end of the cylinder in
e and & Now the lines drawn through 4, and ez in No. 1, are the
plans of two planes of rays of light; the former touching the cylinder
throughout its length in the line &4°; and the latter striking it in the
line ec’ (No. 2). The line 0" is known as the “line of shade,” as it
divides the cylindrical surface in the light from that part which is in
the shade, and is moreover the darkest part of the visible surface. The
brightest part of the eylindrical surface will be the “Jine of light " e¢’,
as tf is here that the light shines directly upon it.
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It follows from the foregoing considerations, that in lining-in the
representation of o eylindrical surfuce in ink, fine lines only should he
used, as either a medinm or shadow line would be inappropriate, the
lightest, and darkest, parts of the surface of such a solid always fulling
within the outlines of its representation, as shown at 18, and ¢¢, in the
elevation No. 2, Fig. 1564. The same rule also applies to either conieal
or spherical surfaces, as shown in Nos. 4 and 6, in the figure whero it
is seen thut the “lines of shade”—obiained in the swme way as in the
case of the cylinder—are well within the outlines of the solids, and
must therefore be put in, in fine lines.

It would, however, be correct to shade-line the end of a cylinder,
or the base of a cone—if inverted—as a t of their edges would
throw a shadow. To determine how much would do so: in No. 1,
Fig. 156a, ‘if"d““ the line drawn through b, @ to e, and that through
¢ @ tod. Now as ail the rays of light falling on the cylinder, and its
upper end AB, are parallel to the one drawn through o, a, d, it follows,
that the semi-circular edge ¢ch in No. 1 will be directly in the lizht,
and will east no shadow, while the opposite similar edge edd will do so,
either on the HP or VP,—according to its position with respect to
those planes—and must therefore be shadelined. But as the semi-
circular edge edd—of the cylinder end—would cast different. intensities
of shadaw, the shade-line from e through d to & must be of varying
thickness (as shown in the diagram), its thickest part being at d.

If the oylinder be hollow—as represented in No. 1—then that part
of its inside top-edge, or the semi-circle 1, 2, 3, will throw & shadow on
the opposite inside surface, and must be shade-lined ag shown, the
thickes¢ part of the line being directly opposite the similar part of the
outer semi-circle edd. TIn the sphere and other entirely curved-surfaced
solids, no shade-lining is admissible in inking them in, fine lines heing
the only proper ones to be used for the purpose.
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CHAPTER XVI
THE PROJECTION OF OBJECTS INCLINED TO THE PLANES OF PROJECTION

52. For the more immediate purpose of represcnting anything in
process of manufacture in the workshop, it will be readily understood,
from what has already been explained in these chapters, that the only
drawings absolutely necessary to the workman are those in which the
plans, elevations, and sections of the objects he is called upon to make
are correctly shown. But as many of the elements which go to male
up a machine, or engine, are often inclined to the vertical and horizontal
positions, it is essential that the draughtsman should know how to
draw the plan or clevation of an object, howuver intricate, when inclined
to the VP or HP, at any angle other than a right angle. Before
showing how the prineiples of projection are applied in this part of our
subject, we would guard the student aguinst nceepting as true, the
notion entertained by some, that it is a-diffevent kind of drawing to
that which has preceded it, and that a knowledge of it is more difficult
to acquire. The projections of an object inclined to the planes of its
projection, certainly differ in appearance to those of it when not so
placed, but the method of finding such projections involves no new
departure in principle, as the “planes of projection ”—the VP and HP
—are still in the same relative position as before——viz., at right angles
to each other—although the “object” is énelined to both. The * pro-
jections,” therefore, of an object/so placed, are nothing mare than its
appearances when viewed at right angles to those planes.

"T'o show this graphically, let A, No. 1 (Fig. 157), be the plan of a
wooden block, with its under side resting on a flat plate abed, lying on
the HP, and its sides’ inclined to the VP, or IL, as shown. A front
elevation—or view in the direction of the arrow e—of the block in this
position would be B, No. 8. Now, assume the plate—with the block
upon it--to be raised through an angle, moving on its edge ab, as «
hinge ; the elevation of the block in this position would then appear
like C, No. 3; for its upper face would become more and more visible
as the angle made between the plate on which it rests and the HP
inereased, until the plate had attained a vertical position, when it
would again appear as shown in ‘plan at A, No. 1; but as an elevation.
We therefore see that its “appearance” when inclined to the planes

120
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of its projection, although radically different to either its plan A, No. 1,
or ite elevation B, No. 3, is still nothing more than an ovdinary pro-
jection of the original objeet when in its changed position. This is
further shown in No. 2 (Fig. 157), where a side view is given of the
plate with the block upon it, such as would be seen when looked at in
the direction of the arrow £, No. 1. Then by the aid of a few projeciors
from No. 2 and No, 1, it is seen that C, No. 3, and D, No. 4, ave just
ordinary projections, differing little from those which lave preceded
them, and certainly no more diffieult to obtain than some which the
student has already projected or drawn. As the projections of the
ohject given in this figure form a problem for solution later on, we
defer showing how they are exactly obtained until we have, as in
previous instances, explained how the projections of simple “figures ™
in similar positions are found.

53. Now, to fucilitate the process of finding the projections of an
objeet when inclined to the VP and HP, we have to introduce into
the construction an imaginary inclined plane interposed between the
VP and 1[P, on which the object whose projections are required is
assunied to rest.  This plane is represented in Fig. 157 by the line OP,
No. 2, and is the only new feature in our subject of study, it being not
a fixed plane like the VI or HP, but one that may assume any desired
angle with those planes, Such a view of an ubject as is shown in
No. 2 (Fig. 157) could of course be given without the assistance of the
line OP; but as it determines the inclination of the object to the
versical or horizontal, it is of material help in finding its projections,
as will be seen as we proceed.

Throughout the problems that will be given in this part of our
subject the originel object whose projections are required is to be
always understood as resting on a horizontal plane, and the view first
given of it, is its plan or horizontal projection, such as A, No. 1 (Fig.
157), which shows all that would be seen of such an object when looked
at from ahove.

Now, to find the projection of a point situate in a plane which is
inclined to the VP and HP, we must know the angle made by the
plane—in which the point lies—with either the VP or HP. Qur first
problem is—

Problem 58. —Given the plan of « point, it i3 required to find its
elevation when the pluna in which ¥t lies 43 inclined to the HP at an
angle af 30°,

Tet o (Fig. 158} be the plan of the given point, IL heing the inter-
secting line. At O draw a line OP, 1raking with the TT; an angle of
30°.  Through the point « draw a projector into the VP. Set off on
OP from O, a distance O, oqual to that which point a is from the
IL. Through ' draw a line parallel to the IL, cutting the projector
from @ in plan in point «” ; then «” is the required clevation. Tn the
same way, the elevation of a line lying on a plane inclined to the VI
and HP is found, for we have only to find the vertical projection of its

ends, and join them by a right line, and the desired elevation is
obtained.
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them draw projeclors parallel to the IL, cutting those drawn through
the corresponding points in the plan. The intersections of these pro-
jectors A'B'C’ will be the elevations of the angular peints of the
triangle ; join these by right lines and the triangle ABC' will be the
elevation required.

If the ples of the original fizure in ite new position be required as
well as its elevation, this is found in a similar way. Let the problem

Problem §9.—Given the plan of a rectangular plate and the inclina-
tion of the plans OF ; to find its projections.

Tet A, No. 1 (Fig. 161), bo the given plan of the plate, and the
_ inclination of OP be 30° with the HP. Draw OP, No. 2, at the given

angle with the TL, and the line DL as before.  Number the corners of
the plate 1, 2, 3, 4, as shown in No. 1. Find the position of these
puints on OP, No. 2, and from them obtain, by projection, the elevation
of the plate shown at B, No. 3. To find the plan of the plate in its
inclined position, let fall projectors from points 1, 2, 3, 4, in the line
OP, No. 2, perpendicular to the IL; then the corners of the plate in
plan will lie in these projectors, and the problem is to decide where.
The line DI, below the original plan of the plate at A, No. 1, is, we
have shown, the plan of the intersection of the inclined plane OF with
the HP; then a line dl, drawn through O, No. 2, at right angles to
the I, as shown in No. 4, will also be a plan of the same intersection.
As the distances of the points 1, 2, 3, 4, in A, No. 1, from the line DT,
were set off on OP, No. 2, the position of this plane—with the plate
upon #—will be at right angles to that of A, No. 1; therefore, its plan
No. 4—or the view of it loeking in the direction of the arrow «, No. 2
—-will be in the same position with reference to A, No. 1. Then if the
points where the projeclors drawn through 1, 2, 8, 4, in A, Ne. 1, cut
the II,, be transferred to the line df, No. 4, and lines be drawn through
them at right angles to that line, their intersections with the projectors
let fall from 1, 2, 3, 4, No. 2, will give 1, 2, 3, 4, No. 4; join these by
right lines, and the required plan of the plate in its inclined position is
obtained.

54. As the projection of any plane figure, inclined to both the
planes of projection, is found in the same way as here shown, we can
without further example proceed with the application of the principles
involved, to the projection of sofid objects similarly placed. Now, a
solid object, such as the block of wood taken for explanatory purposes
in Fig. 157, has not only length and breadth, but thickness also, and
each of these dimensions bas its representative lines in the projections
that are obtained of it, when it is inelined to both the VP and HP.
The actual thickness of an object—or its measurement from surface to
surface—-is the distance through it at right angles to the surface from
which it is measured. If the thickness be represented by a line, then
the line will be perpendicular io that surface, and its projections will
depend upon its position with respect to the planes of projection.

In Fig. 163, if the plan of a line be vepresented by the point a,
then, when the plane to which the line is assumed to be perpendicular
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is inclined, say, 30" to the horizontal, its side elevation on that plane
OP will be a'd.  To find its front elevation, we draw u projector through
« perpendicular to the IL, and from «' and é—the two ends of ths line
—projectors parallel to the 1L, to cut the one through « in ¢"V; thena
line joining these points is the front elevation of the original line «'b
when inelined to both planes of projection. . To apply this reasoning to
the projection of such an object as thelreetangular block of w in
¥ig. 157, proceed as follows :—First draw in its plan as at A, No. 1,
und number the four corners as showi.* Each of these will be the end
of a line perpendicular to the HP, of a length equal to the thickness of
the block. On OF, No. 2, drawn at an angle of 30" with the IL, give
an elevation of the block, looking at it in the direction of the arrow f
remembering the position of its corners and top surface with respect to
the plane on which it is assumed to be standing, Having drawn in
this view, proceed to find by projection that of C, No. 3. This is best
and most correctly done by numbering both top and bottom ends of
the lines representing the angular corners of the block in No. 2. The

Fig, 162

intersection of horizontal projectors drawn through these points, and
their corresponding vertical ones in No. 1, will give the position of all
the corners of the block that will be seen looking in the direction of
the arrow = in No. 2, and the joining of these by straight lines, as
shown in C, No. 3, will give the required elevation.

To find the “plan” of the block when inclined as shown, let fall
vertical projectors from all the corners of it seen from alove in No. 2,
when looking in the direction of the arrow y; transfer the points
where the vertical projectors from 1, 2, 3, 4, No, 1, cut the IT, to the
projector drawn through the foot of the inclined plane at O, as shown
in Fig, 161 previously, and through these draw projectors to cut those
let fall from 1, 2, 3, 4, No. 2; then the intersections of these projectors
will be the plans of the corners of the block seen from above it, which,
on being joined by straight lines, will give D, No. 4, the plan of the
block, when inelined in tﬂle position shown in side elevation at No. 2,
and front elevation at No. 3.

55. As a test of the correctness of the two last-found projections,
all the lines in the original object A that are parallel to each other

]
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should he parallel in their projections, for if they are not, there is some
ineceuracy in projecting over corresponding points in the different
views, as no alteration of position of the original object, with respect to
the planes of its projection, can in any way affect its form, or the
relative position of its surfaces, from whatever divection it may be
viewed. These deductions apply, of course, to all “original ™ objects,
but they require to he more particularly remembered here, as in no
other part of the subject is there the same likelihood of making a false
projection of an object, as when it is inclined to doth the plancs of its
projection.

As no better examples of plane-surfaced solids, as objects for pro-
jection in this part of our subject, can be chosen than those whose
forme the student is already familiar with——viz.,, the cube, prism, pyra-
mid, ete.—they will be taken in the same order as before, and the fivst
problem is— )

Problem 60 (Fig. 1063).—Given the plan of a solid cube, with one of
its fuces upon the HP ; to find its plun and elevations, together with
a sectional plan and elcvation, when the plane on which it rests is
tnclined fo the horizontal ai an angle of 50°.

Let the square 1,2,3,4, No. 1, be the given plan of the cube, IL
heing the intersecting line of the VP and HP, and DL a datum line
parallel to the TL, at any convenient distance below the plan of the
cube. At O, say in the TL, draw & line OP, making with the IL an
angle of 30° Set off on OP, from O, in points 1', 4, ¥, the distances
that points 1, 4, 3 in No. 1 are from the line DI, measured at right
snﬁles to it. Through 1', 4, 3, No. 2, draw lines perpendicular to OP,
and on that through 1 set off from OP « height 1'], equal to a length
of the side of the cube. Through 1, draw a line parallel to OF, cutting
the perpendiculars to it at points 4 and 3 ; and the view No, 2 will be a
side elevation of the cube—looked at in the dircetion of the arrow x
in the plan—when inclined to the HI at 30°.

To find a front elevation of the cube at the same inclination, we
have to consider what paris of it will be seen in such a view. This
will evidently include the two inclined front faces and a top face, or
what wouald bo seen looking in the direction of the arrow to the left of
No. 2. To find the projection of these faces, project over points 1,
1'; 4, 4 in No. 2, on the projectors drawn through points 1, 2, 4, No,
1, cutting them in points 2, 2'; 1, 1"; 4, 4, No. 3; join these by right
lines as shown, and the projection of the two front faces of the cube
will have been found. To find the top face, project over in like man-
ner point 3 in No. 2, to cut the vertical projector through the corre-
sponding point in No. 1, and it will give point 3 in No. 3 ; join this by
right lines with points 2 and 4, and the reguired front elevation of the
cube in its inclined position is obtained.

To find the plan of No. 2, or a view in the direction of the arrow
shown above it, first find the plan of the top face of the eube, by letting
fall vertical projectors from peints 1, 4, 3, in it, into the lower plane,
or HP; intersect these by horizontal projectors from poinis 1, 2, 3,
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No. 1, in points 1, 2, 3, 4, No. 4; join these by right lines, and the
plan of the top face of the cube is found. Tor the plan of iis two
inclined faces, seen from above, produce the horizontal projectors drawn
through the three corners 2, 3, 4 of the top face—just found—and by
vertical projectors from points 4’ and 3', in No. 2, eut the produced
horizontal ones in points 2', 3, 4', No. 4 ; join peints 2, 2'; 3,3'; 4, 4';
and 2, 3'; 3, 4/, by right lincs as shown, and No. 4 is the required plan
of the cube in its given inclined position,

56. Before proceeding to show how the sectional projections of the
cube are found, it is advisable bere—to save repetition later on—to
explain the reasoning which hus directed the process of solving the
first part of this problem. Taking the *original ” ohject—the cube—
ag the first subject of thought, we have to note its special form, and the
shape and relative position of its six faces and their bounding edges, as
upen the correct realization of these features depends in a great mea-
sure the truth or falsity of its projections, For whatever relative posi-
tion its sides have to each other in the original, they cannot, as long as
they remain uncut, have any other than the same relationship in their
projections. A second consideration is the position of the object. and
ita faces, with respect to the plane on which it is assumed to be stand-
ing; and a further one is that of the inclination this plane eventually
assumes with respect to the planes of projection.

Now, the cube is standing with one of its faces on the HP, thereby
making its four corner edges, figured 1, 2, 3, 4, No. 1, in the diagram,
at right angles to that plane, and the top face of the cube parallel to
it. It follows from this that however much the plane on which the
cube rests is inclined to the horizontal, the position of the faces and
corner edges of the cube with respect to that plane will remain exactly
as hefore its inclination. Therefore, in setting the cube on the inclined
plane OP in the diagram, all its vertical edges will be perpendicular to
OP, and its horizontal ones parallel to it. Then as to its projections
No. 3 and No. 4, although the cube itzelf in its new position No. 2
is inclined to the VP and HP, this has not in any way altered the
relative porition of the bounding edges of its faces in the projections,
as the Jines 1, 1'; 2, 2'; 8, 3'; 4, 4, are still parallel to each other, as
well as those representing the top and bottom edges of the culbe,

To assisi the student to & more complete realization of the position
of the “planes of projection” with respect to the original object, in
Fig. 163 let a line be drawn perpendicular to the IL through point 3’
of the cube in No. 2. This line would then represent an end elevation
of the VP, with the corner 3’ of the eube touching it. If, then, the
inclined plane OP, with the cube upon i, together with this vertical
plane, be imagined to swing round on the HP through 907, the view of
the cube shown at No. 3 would be identical with its appearance on the
inclined plane when viewed at right angles to the VP.

57. With the foregoing explanation of the reasoning applied in
finding the projection of the cube in its uncut state when inclined to
the VP and HP at a given angle, there should now he no difficalty in
obtaining its sectional projections required by the problem, as these
are nothing more than similar views to those already found, with the
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points so found parullol to 2y to cut those drawn through 3 in o,
No. 6; or by lotting fall projectors from the ends ¢’ ¢ of the corve-
sponding line in No. b to cut tho same lines from 3 as before. The
pluns of the two short inclined edges of the section botween ¢’ and
«b in No. 5 are found by joining the corresponding points in No. 6 by
right lines. On crosslining the parts of the cubo exposed by the
cutting plane in both views the required sectional plan and elevation
will be completed.

58. Now, to test the accuracy of these projections, the same reason-
ing holds good with reference to the sections thus found as with the
original uncut solid.  For it will be found, if the sections are correctly
projected, on applying the set-squaves or a pavallel-ruler to any one of
the bounding lines of the sections, the edge of that section on the
opposite faco of a cube iz exactly parallel to it. This is as it should
be; for if otherwise, the section obtained would be incorrect, for the
opposite faces of the cube being always parallol to each other, any plane
section of it will have parallel edges on opposite or parallel faces.

Before passing to the next problem, which is a variation of the last,
and somewhat more difficult of solution in that it involves a greater
amount of thought, it is necessary to point to the case of finding the
plan of the uncut cube, No. 4, Fig, 163. Tho student will remember
the reference made in a previous problem to the change of position which
taked place in an original object when a plan of it 1s obtained from its
sidde elevation, as No. 4 is from No. 2 in Fig. 163. In this case,
the mattor of finding the plan is simplified by the position the cube
occupies with respect to the VP ; its vertical faces making, as they do,
equal angles with it, enable the cornors figured 3, 4, 1 in No. 1 to be
used as the representatives of 2, 3, 4, in finding the plans of its edges,
shown in No. 4, by the lines 2, 2; 3, 8'; 4, 4. Had the original
position of the cube, however, in No. 1 been any other with reference
to tho VP than that actually vccupied by it, then the plan of the cube
in No. 1 could not have been usett-ta project from. The reason of this
will be seen in the next problem, to which we now proceed.

Problem 61 (Fig. 164).—Given the plan of a solid cube, with its
vertical faces making unequal angles with the VP; to find its
projections, and sectional projestions when the plane on which it
rests i3 inclined to the HP at 45°, and-the section or cutting plane
alters in direction.

Assuming that the studont has worked out the previous problem,
and repeated it, with the seetion plane in varied directions, he will be
the better able to arrive at a solution of the one now presented to him.
As the first part of it is nothing more than a repetition of the process
adopted in the last case, applied to the altered position of the original
object, ne further assistanco is given than that indicated by the con-
struetion lines shown, as the views almost oxplain thomselves. No. 1
is the plan of the original object or cube in the given position; No. 2
its side elevation when inclined at the given angle; No. 3 its front
elevation ; and No. 4 its plan at the same inclination. Some of the
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roferenee figares are purposely omitted that the student may feel less
dependent upon such helps as he proceeds.

In views Nos. b and 6 (Fig. 164), the only point likely to cause
difliculty in a first attempt at getting the sectional elevation and plan
of the object will be at the change of tho plane of section on the line
e, This, however, should be thought out by the student, as it only
involves the finding of the exact position of the two ends of this line
on epposite faces of the cube. If it is borne in mind that it is the inter
soeting line of two plane surfaces, and that one of its ends is repre-
sented in elevation—¢ in No. 2—by a petnt, it is known at once that
it must be a line passing through ¢, parallel to the HP, and thercfore
to the IL. Then, as it is parallel to the HP, its ends must be of
cqual height from the bottom face of the cube. 'This height is evidently
the perpendicular distance between ¢ and the plano OF ; or the depth
through the cube along the Hno e'c, square with its bottom face.
‘With these data, the position of its ends should he easily determined
without further guidance. Having found the elevation of this line,
its plan offers no difficulty, as it may be got in one of two ways
already explained.

As a test of the knowledge of our subject the draughtsman in
embryo should by this time have acquired, we give for solution, without
assistance other than that afforded by the few projectors shown in the
views of the object, the following problem— .

Problem 62 (Fig. 165).—Given the plan of @ hollow cubs, with square
hiolas, centrally situated in all it sidez ; to find ils projections, when
the plane on whick it rests inclines 30° to the horizontal, and its
seetional projections at the same inclination, when cut by a plane
along a given line.

The view No. 1 (Fig. 165) is the given plan of the cube, and the
line sp in No, 2 the line of section. The different views should be
drawn in on the sheet of paper in the order of their numbers, as they
are consecutive projections, each one of which, when correctly found,
enables that which follows to be more easily comprehended and drawn.
This problem, with the one that follows it, may be looked upen by the
young student ‘as the pons asinorum in this particular part of the sub-
ject, which, when ably surmounted, may be regarded by him as one
landmark passed on the road to his success as a practical draughtsman.

59. The problem referred to in the last paragraph is that of finding
the projections of a skeleton cube, whose plan is given, resting on a
plane inclined at an angle to both planes of projection.

In Fig. 166 is given the several views that would be obtained of
such an object when in the asswued position, but without construction
lines or any explanation of the process of finding its projections ; the
problem being intended as a test of the student’s ability in applying
the methods of procedure in its selution, which have previously been so
fully dealt with. The order in which the several views should be drawn
is the same as that shown in the three previous problems, Figs. 163,
164, and 165; and as the bounding edges of the different members of
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the original ohject are all struight ones, aud their surfaces plane, the
finding of its projections should offer no difficulty to the learner who
has attentively followed the development of the subject to its present
stage.

téli-"tl‘lfua projections of the prism and pyramid, or other planc-surfaced
solid, when similarly inclined, ghould alse be found without trouble,
their surfaces heing in most cases plane figures having straight bound-
ing lines or edges.  As, however, it is often necessary to obtain a view
of an inclined object, when turned through any given angle, to show
the method of procedure in such 2 case, the following problem is given,
as it combines the projection of both the prism am& pyramid when
inclined to both planes of projection.

Problem 63 (Fig. 167).—@iven the plan No. 1, and elevation No. 2,
of @ hexagonal pyramid, with a similar shoped prismatic base, to
Jind dts projections ; first, when iis awis 18 tnelined to the HP, and
parallel to the VP and again when it is inclined to both the VP
and I[P,

If the inclination of the plane on which the given object is to vest
be, say, 30° to the horizontal, this at once determines the angle made
by its axis with the HP as one of 60°, the one angle being the com-
plement of the other. Then the elevation No. 2 being given, to find
the projections first required, show as in No. 3 a view of the object on
a plane ineclined to the HP at 30°. This is nothing more than a
trangfer of the view given in No. 2, directly to this plane, as the same
faces of the object seen in No. 2 will be seen in No. 3, the former view
having been obtained by direct projection from its plan No. 1, before,
and not after, its inclination, as in previous problems. The plan of No.
3, given in No. 4, is found, as before, by projeetion from Neo. 3 and
Neo. 1.

Then to find the projections of the object when inclined to both the
VP and HP, as required in the second part of the problem, assuming
the angle its axis is to make with the VP is known, we proceed as
follows :—Draw in, in the HP, a line as ab, No. 5, making the same
angle with the IL that the axis of the solid is to make with the VP—
say one of 45°. To this line—which is a plan of the axis of the solid—
transfer the view obtained in No. 4, ancl from it, and No. 8, find by
projection that given in Ne. 6, then will the views Nos. 3, 4, b and 6,
Fig. 167, be the required projections of the original object, represented
in plan and elevation by Nos. 1 and 2 in the figure. Tn the same way
as Eere explained may the plan or elevation of any plane solid in any
desired inelined position be obtained.

60. Passing to the projection of solids bounded by ecurved surfaces
inclined to both the VP und HP, a similar combination of the cone and
cylinder is taken as the object for projection, the problem being—-

Problem 64 (Fig. 168).—Given the plan No. I and elevation No. 2
of & cone having a cylindrical base, its projections are required, first
when it rests on a plane inclined to the I at 457, with its axis
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parallel to the VP, and after it has beea swung from that position
througl a horizontal angle of 30°.

The method of procedure in this case being the same as in the
previous problem, little ditficulty should be found in obteiring the pro-
Jjections shown in Nos. 3, 4, b and 6 in the figure. As hoth portions
of the object—the conical and the cylindrical-~have a curved surface,
greater care will be required in drawing in the ellipses, into which the
top and bottom edges of the cylindrical portion are projected, but with
this exception there is nothing to prevent corrcct projections of the
object being easily found if the instructions previously given in refer-
ence to eurved-surfaced solids are carefully followed.

To assist the student in determining the direction of the axes of the
ellipses with vespeet to the IL, in the view required in No. 6 let him
assume the base of the given object to be eut out of a square prism, aus
shown in dotted lines in No. 6, then the projection of the diametral
lines a, & ; ¢, d, of No. 1 on the upper face of this prism represented in
No. 6 by the faint lines «'%; ¢d', will be the axes of the ellipse
sought, and &, ¥, ¢/, & will be four points through which the eurve of
the ellipsge—into which the base of the cone is projected—has to be
drawn, The lower edge of the cylindrical portion of the solid in its
new position is, of course, projected into a similar ellipse as the upper
edge, or base of the cone, but only half of it, as shown, will be seen.

As the projections of a sphere, in similar pogitions to the other solids
taken as examples, offer little useful practice beyond that of the correct
drawing of ellipses, we give as the concluding problem in this part of
our subject, one in which the application of its principles is practically
shown in the delineation of an ordinary “nut,” in such positions as
frequently oceur in actual machine details. The problem is—

Problem 65 (Fig. 169).—Given the plan and élevation of « siv-sided
chamfered wut, to find its projections when the plans swrface on which
it lies is inelined lo the planes of its projection.

Before proceeding to find the required projections of the nut, it may
be noted in reference to such an article, that its flat sides at right angles
to its top and hottom frces are called * panes”; that its height, or
thickness, is generally equal to the diameter of the bolt it is intended to
fit; its width across the *panes” or “flats” Dbears a certain fixed pro-
portion to this diameter, and the *chamfer,” or eutting down of its
upper corners or angles, is usually at an angle of 45° with its top face.

To draw in the plan of a nut such as that shown at No. I, Fig. 169,
it is necessary 1o know first what its width aeross the flats is to he.
This width for all nuts up to 6 in. diameter of bolt may be found in any
engineer's pocket-book. With the given width—for the size of nut
proposed to be drawn-—as a diameter, deseribe a eircle in the HP at a
convenient distance from the IL, and from the same centre a second
cirele equal in diameter to that of the bolt for which the nut is intended.
Through the common centre of these circles draw lines indefinitely,
parallel and perpendicular to the IL. Then with the T-square and set-
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square of 60°, draw lines tangential to the outer circle in the positions
shown, and the resultant hexagon, with its inscribed circles, will be the
plan of the intended nut when resting on the HP.

To find its elevation in this position, project over into the VP the
four corner edges of the nut scen when looked at in the direction of the
arrow m lan.  These will, of course, be lines perpendicular to the TL.
Now, as the thickness, or keight, of an ordinary nut generally equals the
diameter uf its bolt, set off this dinmeter az a height—Ifrom the IT.—
and through it draw a line parallel to the IL. This line will represent
the top face of the nut, and were it a planc-faced one and not chamfered,
its elevation would be completed by making this line to cut the four
perpendiculars previously drawn in. The chamfering is represented in
clevation by the three circular arcs and the two short lines at an angle
of 45° tangent to the onter arcs, the reason for which will be fully
explained when treating of screws, nuts, ete., later on.

The plan and elevation of the nut being thus given, its projections
as required in the problem are now to be found. Assuming the angle
of the plane surface on which the nut is supposed to rest to be one of
30° to the horizontal, draw in a line making with the IL such an angle.
Transfer to this line the view of the nut given in No. 2, and obtain by
projection its plan in this inclined position, as shown in No. 4. Then
to iind its elevation when swung through a horizontal angle—say of 45°
—draw in its axial line in the HP making that angle with the 1L, and
‘transfer to it the plan of the nut found in No. 4, giving the view of it
shown in No. 5. From this plan, and the elevation No. 3, find by
projection the view given in No. 6, and the requirements of the given
problem will he fulfilled.

An infinite variety of problems might be given in this very interest-
ing part of our subject, but as they would only invelve in their solution
the correct application of principles which have been fully explained, we
pass on to the elucidation of projection ag applied to the * penetration”
and “intersection” of solidy, a knowledge of whlch is of the first import-
ance to the would-he dmubhtsma.u.



CHAPTER XVII
THE PENETRATION AND INTERSECTION OF SOLIDS

81. Upr to the present stage in our subjeot, all the objects chosen as
examples to illustrate the application of the principles of projection
have consisted of simple solids, with either plane or ourved surfaces—or
hoth—and have each been treated independently. They have not, of
course, included a¥l the elementary forms which, in combination, give
shape to machine and engine details ; but they have been such as will
enable the student to delineate correctly any subsidiary solid —generally
derived from one of the primary ones—which may enter into the con-
struction of a complete mechanieal structure.

As in the details of such a strueture, some of the solids, which have
30 far been dealt with singly, are joined to, er made to penetrate, one
another, their surfaces by such junction or penetration produce a line or
lines which require accurate delineation in any drawing having preten-
sions to truthfulness. Such lines are, however, not only required for the
correct representation of the objects in combination, but they are neces-
sary to be known hefore the objeots represented could be constructed in
any material. It is then to the solution of problems—by the aid of
projection—presented by such gombinations, that attention is now to be
directed.

In determining the lines of intersection of two solide, the simplest
ssible inethod of procedure—so long as it gives correct results—should
aimed at ; and although plane-surfaced solids are probably not so often

met with in eombination in mechanical details as they are in building
constructions, yet it is necessary that their intersections should be
thoroughly understood by the draughtsman. The introductory pro-
blems in this part of the subjeet will therefore consist of those in
which the intersections of plane-surfaced solids only are required to be
found.

62. One of the first facts realized by the student in commencing the
study of Projection, was that the interscetion of two planes at any angle
produced a straight line, Tt follows from this that the intersections of
plane solids must also be straight lines, as the surfaces which inter-
sect are planea. This consideration, then, is the key to the solution of
any proglem in which the intersections of plane-surfaced solids are
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concerned ; for if through two such intersecting solids a section plane
is passed, the points where that plane cuts the suriaces of hoth solids
will be at once shown. If, then, the two solids be imagined to be eurt
stmwdtansously by a number of planes, and the points of intersectiun of
their surfaces b\ those planes be notcd a line drawn through those
points will be the “line of penetration ” of one solid by the other. .\s
the plane solids usually met with in machine details are prisms and
prramids, with their frustums, the problems in this connection will deal
first with priams penetrated by prisms, The first is—

Problem G6 1Fig. 170.—Giren the plan No. 1, of twe squace priss
4 and B, of equal leagth, one punetrating the other at right angles ;
to find their elevation and lines of penctration.

As shown in the plan, A is the peaetrated, and B the peactrating
prism ; the former having two of its sides parallel to the VP, while all
four sides of the latter are perpendicular to it. The lines of intersection
of the two, therefore, will only be seen on the freat side of A, or that
nearest to the eve in elevation. As that side is parallel to the VP, and
the prism B penetrates it at right angles, the lines of penetration will
coincide with these forming the front end of that prism. Therefure,
find by projection the elevation of the priswms, in the positions shown in
plan, and the lines ab, be, ed, dn, in No. 2 wili—although representing
the front end of prism B—be the lines of penetration sought. In this
problem, as the four sides of the penetraring prism B are planes of
intersection with the two sides—or the one nearest to, and that farthest
from the VP—of the penetrated one A, the use of any section planes in
finding the lines of penetration is unnecessary.

Yert, let the twco prisms be moved on the ariz of A—as shoicn in No. J—
vntil that of B makes an angle of 307 «with the I L, and their elecation
and lines of penetration be required.

Here, although the axes of the prisms are in the same relative posi-
tion as before, that of B, being inclined to the VP, brings the vertical
sides of both at an angle with that plane, and will, in elevation, show
—as in No. 4—two sides of A and only one of B, and consequently but
one actual line of penetration, or that formed by the intersection of the
plane of the side a, §, ¢, d of the prism B, with the side ¢, f, g, & of the
prism A. To show this line, draw a projector through point .» in the
plan No. 3 into the VP, and it will cut the lines @, b, ¢, & in No. 4 in
+, y, which is the line sought. The other lines of penetration of A by
B cannot be seen, as they are covered by those representing the front
edges of B, and the back ones do not come into view at all.

To find the lines of penetration of two intersecting square prisms
when the axis of one of them is inclined to both planes of projection,
the procedure is as shown in Nos. 5, 6, 7, and &, Fig. 170. First draw
in the elevation—as at No. 3—of the prisms with the axis of the pene-
trating one B, parallel to the VP, and at the angle it is to make with
the HP, and find their plan in this position. Swing this plan, No. 6,
round on the axis of the prism A until that of B makes the required
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the other remaining parallel to it as before, then the lines of penctration
will be as shown in No. 4; obtained by first finding the elevation of the
prisms as if they were entire, and then projecting over from No. §--
which is No. 1 with the axis of the prism B at the desired inclination
to the VP—to the corresponding edges in No. 4, the points where the
edges of B that will be secn in elevation intersect those of the prism A.
The right lines joining these points as shown in No. 4 are then the
visible lines of penetration of the two prisms,

For the next problem a case is taken where, although the axes of
bath prisms are still in the same plane, yet neither of them is vertical
or horizontul.

Problem 69 (Fig. 173).—Two equal square prisms have their wies in
one rind the same plane, and inlersect each other at the middls of their
length ; give the elevation and plin of the ywisms, and their lines of
tntersection when their wces are pavallel to the VP, but inclined to
the I[P ot 52%°. .

As there would be no visible lines of penetration of the two prisms
given in the problem, if their sides were parallel and perpendicular to
the plane in which their axes lie, it is assumed that that plane divides
each square prisin into two equal triangular ones, and as their axes are
inclined to the HP, it is evident that their elevations must first be
drawn. Now the axes being in a plane which is parallel to the V P, to
draw the clevation of the prisms in the position stated in the problem,
proceed as follows:— |

Draw in, in the VP, two lines at an angle of 521° with the IL,
intersecting ench other. This may be done by using a “scale of chords ™
or a “protractor,” or with the set-squares of 45° and 60°. TIf neither
of the former is to hand, take the set-square of 45°, and at a convenient
point—say a—in the IL, draw a faint line at 45° with it ; through the
same point draw a similar line with the 60" set-square ; bisect the angle
formed by these lines, and the line of bisection will be at an angle
of 523" with the IL, as it iz the mean betwen 45° and 60°; for

-
L,;,,Go=5‘2-}. Through a convenient point-—as @—in this line, let

fall a perpendicular to the IL, cutting it in point «' ; make 2/b in
that line equal to « «, and from 5 through o draw a line indefinitely.
Then as the lines passing through = each make an angle of 521 with
the IL, they will represent the axes of the required prisms, and from
their position with respect to the VP, their frontmost edges also. Set
off from z, in points 1, 2, 3, 4, half the length of the intended prisms,
and at those points draw lines at right angles to the axial ones;
those drawn through 2 and 4, ent the IL at 2, 4'; in these make 2 27,
4 4" respectively, equal to 2 2', 4 4. Through 2 2” and 4’ 4" draw
lines purallel to the axial lines 2 & 3, and 4 2 1, and the resultant rect-
angles will be the elevations of the prisms as if they were entire, resting
on the HP, on the two opposite corners, 2', 4, of their lower ends.
Having drawn in the elevation, the plan of the prisms may now
be found. Tleir axes being parallel to the VP, and in one plane, that



CHAPTER XVIII
THE INTERSECTIONS OF PLANE 80LIDS {continued).

66. Irrory passing direotly to the finding of the lines of penetration
of one pyramid by another, the solution of such a problem will come
much easier to the student if some preliminary practice is had with the -
case of a pyramid penetruting a prism. As such a combination is often
used in practice, in giving form to simple ventilators, cowls, ete., we
give as problems in this connection those in which the two solids are
combined for such purposes.

The first combination, shown in plan and elevation in No. 1 and No.
2 (Fig. 174), is the simplest possible, it being that of a square prism,
with its axis vertical and sides parallel and perpendicular to the VP,
penetrated by a square pyramid. the axis of which is parallel to both
the VP and HP, and in the same piane as that of the prism,

From the relative position of the two solids, as shown in the figure,
it is evident that neither in plan nor elevation will any lines of penetra-
tion be visible in this ease, as the two faces ¢ and & of the prism, which
are penetrated by all four faces of the pyramid, are in plan and
elevation—through being perpendicular to both planes of projection—
each represented hy one straight line only, with which the actual lines
of penetration coincide, and therefore cannot be seen. Had the faces of
the prism, however, been in the least fnclined to the VP—still remain-
ing perpendicular to the HP,—then one line of penetration only would
have come into view, dependent upon the inclination of the axis of the
pyramid to the VP. .

Tor ull purposes where combinations of solids are used to give form
to mechanijcal details, it is usual in practice to so combine them that
their intersections shall be symmetrical. That is to say, that when the
Jform of the article to he made requires that one solid should penctrate
another, the penetration is made in such a way that an azial plane
passed through the solids shall divide each of them into equal parts.
This, although it necessitates the axes of both solids being in one and
the same plane, does not necessarily prevent either the axes or sides
of the solids from being inclined to the VP or HP.  As instances we
may take the following cases put in the form of problems—
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points d and ', they heing the top and bottom ends of that line;
produce the axis aa’ of the pyramid, and on it draw the half-square
d 2 d’ as shown.

. Now the assumed section piane, represented hy the line 3 ¢ in
No. 1, cuts through the base of the pyramid at the disfance d3 from
its vertical diagonal. To find the line on the half-hase so made,
through  in No. 1 draw a Jine indefinitely, parallel to the IL; with d
as centre and radius da, draw an arc, cutting the line through d pro-
duced, in the point #, and from the same centre, with a radius equal 1o
i 3, describe an arc cubting wd in 3. As the line zd, No. 1, is a plan
of the half-square dxd’, No. £, swung round on its diagonal 4, d’ as a
hinge, until it is parallel to the I, on this half-squarc—or front halt-
base of the pyramid—can now be found the exact length of the base
of the isosceles triangle produced by the cutting planc, and from it the
section itself, and the lines of intersection of the sides of the prism and

rramid.

P For the triangular section, draw a projector into the VP through
point &, in the line xd, No. 1, and it will cut the lines zd and d’ in
No. 2, in points 3, ' ; the distance hetween which is the length of the
‘ase of the triangular section, For ils sides, cut by projectors drawn
through points 3, 3, parallel to the IL, the lines d e, a o', in points 4, 4',
and through these and the apex «' draw faint lines as shown in No. 2;
then the points 5, 5, where these faint lines—or edges of the tri-
angular section—cut the vertical edge 5 ¥ of the prism, are two of the
points sought. Join 1" in the line « «' to these points by straight lines,
and they will be the lines of penctration on the left front face of the
prism.  For thoso on its right face, find by projection the elevation of
the points—2 and 6—in the cdges of the pyramid where they leave
that face, and join these as before by the straight lines 6 2/, 2' 6, and
they will be the lines of penetration seen on that face. For the corre-
sponding lines on the fack faces of the prism—not seen, but shown
dotted—the same method of determining them is employed as for those
that arc directly in view.

68. As an example of the case of the penetration of a prism by a
pyramid, when the axes of the two solids are in one plane, but not at
right angles to each other, we give in Nos. 3, 4, 3, 6 (Fig. 175) the re-
sultant projections and lines of penetration of the solids when having
these relative positions. Nos. 3 and 4 show the plan and elevation of
the solids when the plane of their axes is parallel to the VP, and
therefore perpendicular to the HP; and Nos. 5 and 6, those of the
same solids when that plane is inclined to the VP, but still in the
vertical position.  As the required projections and lines of penstration
should now be found by the student without further assistance than
that given--hy the projectors—in the diagram, we pass on to the de-
termination of the lines of penetration of oue pyramid by another.

The first case is that of the penetration of a square pyramid by a
similar one of equal size, the axes of both being in one plane, parallel to
the VP, and at right angles to each other.

First, let the penetrated solid be in such a position that the
diagenals of its fese are respectively parallel and perpendicular to
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ghown in faint lines in No. 5—and it will be found to eut the front
edge b of the prism I in points 2, 5; join these by straight lines to
points 1, 3 and 4, 6—prev iously found—and they will be the t'equlred
lines of penetmt:on of the two solids seen in elevation.

To find the plans of these lines, let fall projectors from points 2, 5
and 1, 4, in No. 8, to cut the corresponding edges of the prism B in
No. 6, and they will give points 1, 2, 4, 5; join these as before by
straight lines as shown, and they will be the plam of the two lines of
penetration 1, 2, 4, b previously found in No.

On looking upon the two pyramids, in the direction of the arrow
shown in No. 5, two puirs of lines of penetration will be scen.  These
are the two front ones 1, 2; 4, 5; and the two, 1, 2'; 4, ¥, imme-
diately behind them, shown in No. 6. To show the position of the four
lines of penctration made by the two lower inclined sides of pyramid 1B,
let fall projectors from pomts 3, 6 in No. u, to cut the cmrespondm«
edge of the same pyramid in 3, G in No. 6; join these points by dotted
lines to 2, 2'; 5, &' respectively, and they will be the plans of the lower,
or veturn fines of penetration of the two solids.

Should the two prisms have such a relative position that their axes
are inclined to each other at some angle other than a right angle, in a
planc comman to beth, the procedure for finding their lines of penetra-
tion would still be the same. As a test of its application, let the two
pyramids in the last problem penetrate each other in such a way that
the axis of the penetrating one is inclined at an angle of 307 to the
horizontal, while that of the penetrated remaius vertical, and let it be
required to find their projection and lines of penetration when the axial
plane of the solids is parallel to the VP, and also when that plane is
nclined to the VP at a given angle.

As ‘the solids in the first-named position have their axial plane
parallel to the VP, and the axis of one of them is inclined to the HP,
their elevation, as if they were entire, must first be drawn. Having
done this as shown in No. 1 (Fig. 177), from it find by projection their
plan—also as if entire—as given in No. 2. The points of intersection
of the upper and lower edges of the pyranid B with A are at once seen
inNo. L, tobe 1, 2, 3, 4. P’roceed as in the previous problem to find
the section of A, by a vertical plane passing through it tangent to the
front edge of B, and the peints in that edge cut by it; join these up
to the first found points by straight lines as before, and they will be
the lines of penetration in elevation. On finding the plans of these
lines ng before explained and shown in No. 2, the firsi part of the
problem is solved. For its latter part, draw in as shown in No. 3 in |
the figure, a repeat of No. 2, but having its axial line @ & at the required
angle—say 30°—with the VP or IL; and from it and No. 1 find by
projection the elevation of the pyramids and lines of penetration in
their new position. This view, if obtained in aceordance with the pro-
cedure already explained in a previous problem, will give No. 4 (Fig.
177) as the result.

70. As a concluding problem in the penetration of plane-surfaced
solids, we give in No, & and No. 6 (Fw 177) a ease in connection with
pyramids Which sometimes occurs in practice—viz,, that wherein a

: M



FIRST PRINCIPLES OF

162

240 B

L




MECHANICAL AND ENGINEERING DRAWING 143

snuare p{;mmid is penetrated by a similar solid, the relative position of
the two being such that an axial plane passed through both gives a
similar seetion in each, but divides them into dissimilar solids. The
problem is— :

Froblem 74 (Fiz. 177).—4 square pyramid A, with s awviz vertical
and buse edges parallel and at right angles to the VP, is penetrated
by a similar pyrawid B, having its avis horizontal and parellel to
the VP ; required the projections—plan and elevation—of the lines
of penetration of the two solids, when the diagonals of the base of the
penetrating one ave vespectively parellel and perpendiculur to the VI,

Tirst draw in the plan and elevation of the pyramids—as if they
were entire—in the position stated in the problem, and shown in Nos,
5 and 6 in the ficure. The extreme points of intersection of the top
and bottom edges of the pyramid B, with the right and left faces of A,
are at once seen to be 1, 2, 3, 4, No. 5. Then to determine where the
front and back edges of B enter and leave A, assume & horizontal planc
to pass through both solids on the line of the axis—a @'—of B, and the
parts cut off by it to be removed. The sections exposed will be a
triangle &4'%, for B, and a square—in faint lines—for A, shown in
No. 6.

Now the two sides, b o’ and &', of this triangle are the plans of the
front and back edges of the pyramid B, and as the square is a section
of the pyramid A made by the sume cutting plane, it is at once seen
that the two horizontal edges of B enter the pyramid A at points 5, 5’
in its front and back faces, and leave it at points 6, 6 in its right face.
Project over point § in #«’, No. 6,t0 5 in ¢a’, No. 5. Then to find the
direction of the lines of penetration—which will meet in point 5 in
No. G—get a side elevation of one-half of the pyramid A, using the
base line of B produced to 3 as an axis. On this line find by projec-
tion a half-section of the pyramid B, made by a plane passing through
points 1 and 3 on the leit face of the pyramid A, which will be u
triangle, having the line 1’3’ for its base, and its two sides cutting the
slant side p'e’ of the hali-pyramid previously found in two points,
These projected over to the left edge of the pyramid A, and joined to
point 5 in @ «' as shown, are the lines of penetration sought. As the
finding of the plans of these lincs, as shown in No. 6, require only the
careful application of principles already explained, they are left to the
student to draw in without further assistance.

As the lines of penetration of prisms and pyramids by similar
solids, having any number of sides, are found by a similar procedure to
that so fully explained in this and the preceding chapter, the subject of
the penetration of solids having curved surfaces—a most important one
t0 the engineering draughtsman—will next be considered.



CHAPTER XIX
THE INTERSECTIONS OF SOLIDS HAVING CURVED SURPACES

71 As the cost of any engine, or machine detail, depends in a grent
mensure upon the number of processes involved in its production, it
will readily oceur to the student of engineering that the simplest possi-
ble form, and one requiring the least amount of machining, to fit it for
the purpose to which it is to be applied, will be that which is produced
by a revolving motion of the material to be acted upon by the cutting
tool which gives it shape. The product of this motion, a *solid of
revolution,” has also a larger crosssectional area within the same
bounding line than any planesurfaced solid ; and for this reason, it
will be found on studying the construction of engines, machines, and
all ordinary steam generators, that the eylinder, the cone, and the
sphere—all of them solids having curved surfaces—enter much more
largely into their design than do any other of the solids. A knowledge
of the way in which their surfaces intersect when in combination 1«
therefore highly essential, not only to the draughtsmun who is called
upon to design such details, but to the skilled workman who will pro-
duce them.

This knowledge is the more necessary, as upon the correct applica-
tion of the principles of projection to the determining of the actunl
intersections of such solids, depends the truth or otherwise of the
results arrived at when finding the “ developments ™ of their surfaces—a
subject which immediately follows that now heing considered, and one
which includes within its scope the determination of the exact shape
the material should take when the article to be produced is one made
entirely of metal plates.

The preliminary problems in connection with the intersections of
curved-surfaced solids are those in which cylinders are penetrated by
cylinders, The first is—

Problem 75 (Fig. 178).—Given the plan of two equal-sized wright
rylinders, with axes at right angles in one plane parallel to the VP,
and peneirating each other ; to find their lines of intersection.

Now, from the way in which a right cylinder is generated, it is
known that an awxial section of the solid is a rectangle, and any other
164
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section parallel to an axial one is a similar figure. Therefore, if No. 1
(Fig. 178) be the given plan of the two solids, to find the lines of inter-
section of their surfaces, first get an elevation of them ag if entire. As
only the front halves of the two eylinders will be seen in elevation, it
is with them that we have to deal. Tf, then, a series of veriical section
planes paraliel to each other und the axial plane ap of the solids, be
assumed to pass simultaneously through their front halves, the points
of intersection of the sections of the cylinders by these plancs will be
points in their lines of genatra.t.ion.

To find these lines, deaw in No. 1 (Fig. 178) parullel to the line a p,
as many lines—say three—at convenient distances apart, as it is in-
tended to use section planes. Find by projection from the points 11/,
29, 35 —where these lines cut the plan of the vertical cylinder—the
sectional elevations produced by them, as shown in dotted lines in N,
2. For the corresponding sectional elevations of the horizontal cylinder
by the same planes, on its axial line =y, No, 2—produced to the left—
with point # as centre and za as vadius, describe the semi-civcle @ x'a’.
Thiz will be one-half of the end of the horizontal cylinder turned on its
vertical diameter e e’ as a hinge. In this semi-circle set off from z—in
the line xa’—the distances that the lines 11,22, 33 in No. 1 are from
the line ap, and through the points thus found draw lines parallel to
aa’ to cut the semi-cirele in points 11, 22, 33", Faint lines drawn
through these points from end to end of the horizontal eylinder, purallel
to @ ¥, or the IL, will give the corresponding sections of it made by the
samg planes as used in the vertical cylinder. Then the points where
the edges of the corresponding sections of both eylinders eut each other,
as shown in No, 2, are points in their lines of intersection, which, when
join]cd, will be found to be straight ones crossing each other at right
anries,

“The student will note that in this ease the cylinders being equal in
diameter and at right angles to each other, their intersections form true
mitres dividing them into four cqual parts, each having semi-elliptic
sectional surfaces perpendicular to each other.

In the case of two equal cylinders intersecting at right angles, and
having the plane of their axes at an angle to the VP, but still in the
vertical position, their lines of intersection would be found in the same
wuy as shown in No. 2; the only difference in the result being that
such lines will be curved instead of straight, showing, as will be seen in
No. 4 (Fig. 178), that they become, through the altered position of the
solids with respect to the plane of projection, portions of ellipses. As
the finding of the elevation and lines of penetration of the two cylin-
ders, in their new position, vffers to the student some practice in the
projection of ellipses, which will very frequently occur in this part of
the subject, no further assistance is given in this problem than that
afforded by the few projectors shown in the diagram.

72. The next case is one where the intersceting eylinders are not of
equal dinmeter, but still have an axial plane common to both. The

. problem iz—



108 FIRST PRINCIPLES OF

NEE

Fiy. 180




MECHANICAL AND ENGINEERING DRAWING 169

Problem 76 (Fig. 179).—Given the plan of two cylinders of unequal
diamater intersesting each other, with their axves ot right angles and
11 one plane parallel to the VP ; to find their elevation and lines of
pencetration.

The plan of the two czlinders in the position stated in the problem
will be that shown in No. 1 (Fig. 179), the penetrating one being
horizontal. From this plan, find by projection the elevation of the
eylinders as if entire, making them both of the same length, with the
horizontal intersecting the vertical one at the middle of its height.
Then to find the visible lines of intersection of the solids in elevation,
draw in——as in the last problem—the plans of the intended vertical
section planes to be used; and obtain by projection the elevation of
the sections of the vertical cylinder made by these planes. Also draw
in, in No. 2, on the axis of the horizontal eylinder produced, an end
view of the front halt of that eylinder. On this, show in—as in the
previous problem—the lines made by tho vertical section planes in
passing through that eylinder, and from the points in the semi-<circle,
or end view, cut by these lines, obtain as before the front elevation of
the sections of the horizontal eylinder; then the points where these
sections cut the corresponding ones of the vertieal cylinder, will be
points in the lines of penetration of one solid by the other. On joining
these by lines drawn through them, they will be found to be {as shown
in No. 2, Fig. 179) symmetrical curves ; the highest and lowest points
in them being determined by the intersections of the bounding lines of
the two solids, at 1, 2, 3, 4, while the middle ones, o'}, are the vertical
projections of a b in No, 1, or where the frontmost part of the horizontal
cylinder is secn to enter and leave the vertical one.

Should the axial plane of the two cylinders be at any given angle
with the VP—as in No. 3—instead of being parallel thereto, the lines
of their intersection would still be found in the same way as before
shown, but they will not be symmetrical curves as in the problem
just solved, but such as are seen in full lines in No. 4 (Fig. 179),
the dotted ones heing the return lines of intersection of the penetrating
—or horizontal—cylinder, with the surface of the vertical one, which is
out of sight. As the correct finding of the intersecting lines-—shown in
full, and dotted in No. 4—of the two cylinders is but a matter of
careful projection by the student, no further assistance than that given
in the diagram will be required by him. )

73. The next case is that of the intersections of unequal cylinders,
at an angle other than a rizht angle, and having their axes in different
plunes at a given distance apart. The problem is—

Problem 77 (Fig. 180).—Two cylinders of unequal diametor, with
their axes in parellel planes, intersect each other at an angle of 51 ;
it is required to find the projections und lines of penetration of the
solids, when the axis of one of them is vertical, and the other paral-
lel to the VI
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As one of the cylinders is inclined, an elevation of both ag if they
were entire must first be drawn, as shown in No. 1. From this obtain
by direct projection the plan of the solids as given in No, 2, Then to
find the visible lines of intersection, assume parallel planes represented
by the lines 1, 2, 3, in No. 2, to pass vertically through both solids. An
clevation of their sections made by these planes will show where they
intersect, and will give the points throngh which the roquired lines will
pass. For the return lines of intersection, or those out of sight—shown
dotted in No. 1—the same method of procedure is repeated as in
finding those which are seen. As a vertical plane would be tangent to
the extreme back surfice of both cylinders, the point & in the elevation
No. 1 would be where the lines of penetration of the two solids would
cross. A plane passing through the vertical cylinder tangent to the
JSront surface of the inclined one gives the two points ¢ in plan and
elevation, as those where that surface enters and leaves the vertieal
cylinder. Should the plane of the axis of the inclined cylinder, repre-
sented by the line a4 in No. 2, be otherwise than parallel with the VP
—say, as in No, 3—the lines of intersection of the two solids would be
found in the same way as that explained in Fig. 179, the difference in
their appearance—as seen in No. 4-—being the result of the changed
position of the solids with respect to the plane of their projection, the
vertical eylinder having been turned on its axis through a certain angle,
carrying the inclined eylinder with it. With the assistance of the fow
projectors shown, and ving in mind that ezeh point in the lines of
interseetion found in No. 1 has, by the turning of the vertical cylinder,
passed through the same angle horizontally, the student should be able
to find without trouble the actual lines due to the altered position of
the solids which are shown in No. 4 (Fig. 180).

As the intersections of eylinders in any position only require the
corrcet use of section planes as exhibited in this chapter to determine
them, no further examples ave given in this connection, but we pass on
to the solution of one or two problems in which the intersections of the
cone and eylinder are involved.

Problem 78 (Fig. 181).—4A cylinder in a vertical position is pene-
trated at the middle of its height by a cone, having ils axis horizental
and parallel to the VP ; to find the lines of intersection of the two
solids when their axes are in one plane.

Tet No. 1 (Fig. 181) be the given plan, and No. 2 the elevation of
the two solids ; then from their relative position it is evident that an
axial plane passed through both of them will give the rectangle abcd,
and the triangle 27, as their respective sections. The extreme points
in the penetration of the cylinder by the cone will be 1, 2, 3, 4. Now,
although a series of vertical planes passed through both solids, parallet
to this axial one, would give rectangular sections of the cylinder, those
of the cone by the same planes, instead of being triangular, would be
hyperbolic, necessitating a great amount of careful projection in finding
them.  To obviate this unnecessary trouble the same results may be
arrived at by a much more simple precedure. Instead of assuming a
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number of purallel planes to pass simultaneously through both solids, all
the points of the intersection required may be found by making the
cutting planes divergent.

74. 1n a previous chapter it was shown that all the sections of a cone
made by a plane passed through its apex to its base, gave triangles for
those sections. If, then, in the problem under solution, cutting planes
arc assumed to pass through the apex of the cone in varying directions,
eutting it and the cylinder simultaneously, it is evident that «if the
sactions of the fwo solids will be similar to those obtained by the axial
section—viz., rectangles and trinngles, each of which will give four
points in the lines of intersection sought.

To find these points in No, 2 (Fig. 181), through f, the apex of the
cone in No. 1, draw the lines f1, 2, 73, and let them, with e fand &/
be the plans of vertical section plancs passing through both solids in the
directions shown. Then find by projection the rectangular sections of
the cylinder produced by the cutting planes, as shown in faint dotted
lines in No. 2. Tor the corresponding sections of the cone by the same
planes, on its base linc eg in No. 2 as a dinmeter, and & as centre,
describe the semi-cirele ¢ @ g, which will be the front half of the base of
the cone looked at from the left. On the line @4, measuring from A,
transfer the distanees el, e2, £3 in No. 1, and through the points thus
found draw lines parallel to eg, to eut the semicirelein 11, 2 2, 3 3';
project these points over to ey, and through them draw faint lines to
the apex £ The triangles formed by these lines will then he the
sections of the front half of the cone, made by the same planes that cut
through the eylinder, and the points of intersection of these respectively
will be the points in the lines of penetration songht.

Bhould the axis of the cone be inclined to the V P, as in No. 3, that
of the eylinder still remaining vertical, and the lines of intersection be
required, the process of finding them is exuetly the same as before. The
lines will, however, assume a ﬁiﬂerent form of curve, duo to the altered
position of the eone with respect to the plane of its projection, the V E.
This alteration, it will be noted, brings the base of the cone into view,
but causes the surface of the cylinder penctrated by its small end to
pass out of sight, As the axis of the cone in the previous figure was
parallel to the VP, the lines of intersection of its back half with
the surface of the cylinder being directly behind those in front, could
not be shown ; bat the cone being now inclined to the VP, it is possible
to indicate exactly tlie form of the return curve of penotration. This is
shown by the dotted line I, obtained by projeeting over the points 4, 5,
6, in 1k, No. 3, and finding as before the corresponding sections of the
back halves of the cone and eylinder, which give the points required.

75. Had the penetrating solid been but a portion of a cone—say a
frustum—then the lines of intersection of the two may be got in two
ways, If the apex of the cone is ascessible, the method already explained
would be the simplest and best ; but if the faper of the cone be only
slight, and its apsx ouf ¢/ reach or at an inconvenient distance, then the
procedure would be as shown in Fig, 182

First, let it be assumed that the axis of the penctrating solid is
parallel to the VP, and at right angles to that of the cylinder. Having

L T
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of them will at once give 1, 2, 3, 4 in No. 2 as the extreme points in
the penctration. To find others through which the lines sought will
pass; at one end of the cylinder—say the left—give a side elevation of
the front halves of the two solids as shown, Assume the right-angied
triangle @a'b, and the semi-circle on ed, to be half-scetions of both
solids swung round on the axis of the cone until parallel with the VP.
From these it will be seen that a part of the front and back surfaces
of the penetrating cylinder lic wholly within the cone. To find how
;nll.:]ch, and thus determine the lines of intersection sought, procced as
oLHoOWwWSs [—

"Through the vertex of the right-angled triangle a o’ b, draw straight
lines to its base ; the first one tangential to the semi-cirele on ¢d, and the
others cutting it at suitable points, as shown. These lines are the edge
views of the section planes passing through both solids, which will give
the points required, as the sections produced by them will be trisngles
for the cone and rectangles for the cylinder. The rectangles are at once
found by drawing lines through the points in the semi-cirele {cut by the
assumed section planes) parallel to the axis of the eylinder.

For the corresponding triangular sections of the cone, describe on its
base BC as a diameter the semi-circle BXC. On its axis, AA’
produced, set off from A’ the several distances that the points b, 6, 7, 8
in the base of the triangle a a’& are from the point a’ in it.  Through
the points ¥, 8, 7', 8, thus found, draw lines parallel to B A’ C, and from
where they cut the semi-cirele find by projection the elevation of the
triangular sections of the cone, as shown in No. 2; then the points
where the corresponding sections of the two solids intersect are points
in their lines of penetration. The two points, 2’y in those lines—or
where the plane drawn through a8 in the side elevation is tangent
to the surface of the cylinder—are found by drawing a line through =,
where the plane ¢ 8 touches, and intersecting it with the triangular
section Az y' of the cone made by the same plane.

The plans of the lines of intersection 122 and 3y 4 in No. 2
are most easily determined by finding horizontal sections of the cone—
which will all be circles—at several points in those lines in elevation,
and letting fall projectors from them on to the cirenlar sections so
found ; then the points where the projeciors cut these seclions will be
those through which the required lines of penetration are to be drawn.
As the solids are directly at right angles to each other, their lines of
intersection are consequently symmetrical on either side of the cone,
both in plan and elevation.

76. As the procedure in finding the lines of intersection of a cone
and cylinder having their axes in the same plane, but nat at right
angles, would be the same as in the last examp{:a, as any plane passing
through the apex of the cone to its base, and simultaneously cutting
through a cylinder parallel to its axis, however inclined, would still give
a triangle as the scetion of the former, and a rectangle as that of the
latter, and the points of interscction of the sectional surfaces so
produced as points in their lines of penetration, we pass on to the next
combination of solids employed in giving form to engine and hoiler
details—viz,, that of cones with cones, a knowledge of their intersections
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lines required, first draw in the plan of the solids, with the sides of
the prism at an angle of 45* with the IL or VP, as in No. 1. Then
find by projection the elevation of them as if entire. As the axes
of the sphere and prism are coincident, their lines of intersection in
plan are in the planes of the sides of the prism, and therefore coincide
with the four lines in No.'1l representing its plan. Then, in the
elevation No. 2, as the sides of the prism are equally inclined to the
vertical plane of projection—or the VP—the lines of penetration of
the sphere by the prism will all be portions of eilipses, or parts of
vertical plane sections of the sphere—taken through it at the sides
or faces of the prism—seen at an angle of 45°. To draw in these
lines, find from the plan No. 1 the major and minor axes of the
ellipses into which the circular scetions of the sphere are projected
in elevation, and by means of the paper trammel—previously explained
—find the points through which the lines of intersection are drawn, as
shown in No. 2 in the figure.

As the lines of intersection of a prism—having any number of
sides—with a sphere, are but a series of circular or elliptic arcs, or
both, obtained in the same way as those in the case of the square
prism, further examples of their penetrations are unnecessary ; and as
the bounding edges of the faces of a prism are parallel, the next
problem is a variant from this, or one in which the sides nnd edges
of the penetrating solid incline equally to its axis, The problem jg—

Problem 82 (Fig. 186).—A4 sphere is penetrated by the jfrustum
of a square pyramid, having its base edges parallel and perpen-
dicular to the VP ; vequired the lines af penetration of the solids, in
plan and elevation, when their axes coincide and are in a vertical
position,

First draw in an elevation of the frustum of a sqnare pyramid, as
if entire, in the position given in the problem. At about the middle
of its height, and on its axial line, deseribe a circle to represent the
sphere to be penstrated; then find by projection a plan of the solids,
as in No. 2 in the figure. Now, as only part of the front face of the
frustum is visible in the position given, the lines of penetration on
that face only will be seen in elevation. This face being inclined to
the vertical, it is evident that a section of the sphere taken at it,
although' actually cireular, will become elliptic in projection; but in
this case very slightly so, due to the small incdlination of the sides of
the frustum,

To draw in the portions of the ellipse, which are in fact the lines
of penetration uired in elevation, its twe axes must first be found.
One of them, sc far as its position is concerned, will coincide with the
axis of the frustum ; and the othor, which will be at right angles to if,
must be deawn through the point which is the actual centre of the
cireular section of the sphere, made by a plane coinciding with any
one of the sides of the frustum. TFor convenience, take that side
which is on the right in.No. 1, and bisect that part of it which is
contained between the points a, . Through the point of biscetion
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¢ draw a line perpendicular to the axis of the frustum, and on it set off
from d—where the axes intersect—on either side, a distance equal
to ¢ @ or ¢, b, which is half the major axis of tho elliptic section.
For the minor axis, project over to that of the frustum the points a, &
in its right side or edge; then with these lengths, and the paper
trammel, mark off & few points at either end, and through them draw
the elliptic arcs to the right and left edges of the front face of tho
frustum, and they will be the lines of penetration of the solids seen
in elevation.

For the plans of these lines on the upper surface of the sphere, let
fall projectors from points 1, 2, in No. 1, to cut the curresponﬂpiug slant
edges of the frustum (in No. 2) in points 1 1%, 2 2'; and for points
&Y, 5 ¥, in the same diagram, set off from 2, on the two lines drawn
through it at right angles to each other, the distaunce that & or &', in
No. 1, is from the axial line—or point 6; then curved lines drawn
through the points thus found, as shown in No. 2, will be the lnes
of penetration on the upper surface of the sphere by the frustum,
The corresponding lines on its under surface, if required, are found in
the smne way. Ir the sides of the frustum are equally inclined to the
VP, as in the case of the square prism in Fig. 185, and an elevation
of the solids in this position be required, then, as in previous problems,
transfer the plan No. 2 to the required position shown in No, 3, and
from it and the elevation No. 1 find by direct projection the view
given in No. 4. The dotted lines and projectors show how the major
axes of the elliptical -portions of the intersections are obtained, the
line ¢ ¢, in which the minor ones lie, being a projector drawn through
d in No. 1. :

78. As o sphere penetrated centrally by a cylinder or cone would
in each ecase give circles as the lines of intersection, becoming in
projection either straight lines, circles, or ellipses, according to their
positions with respect to the planes of projection, it is considered
unnecessary to give any problems for solution with the solids so
combined, as the truth of the statement is self-evident without
illustration. It must not, however, be forgotten by the student that
such combinations of the sphere with the cylinder or cone, or both,
more frequently occur in practice than any other; as, for instance,
in many kinds of cocks and valves, tee-pieces, handrails, stanchions,
boiler mountings, ete. As eases, however, arise where these three solids
are in such combination that their axes are nof coincident, or even in
one plane, the remaining problems in this part of the subject will have
reference to instances in which these infrequent junctions occur.

Problem 83 (Fig. 187).—A sphere is pencirated by o cylinder whose
wris s vertical and parallel to thal of the sphere; required the
lines of imtersection of the solids, when their aves are a given
distanice apart, in a vertical plane inclined at an angle to the VP,

Let No. 1 (Fig. 187) be a plan of the solids, the larger circle being
that of the s&)}lere, and the line »p, drawn through its axis a, and that
of the cylinder ¢, a plan of a vertical plane at an assumed angle of
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No. 2, the latter giving points ay, which will determine the actual
positions of the points sought on the conical surface, with the solids, as
originally placed. To fix these, find in No. 2 the elevation ¢&’ of the
line from ¢ to 4 in No. 1, and to it project over—parallel to the JL.—
the points {xy) last found, ecutting it in 5 and G, which are those re-
quired, the projecting over of = and y being tantamount to turning the
cone back on its axis to its original position. For other points in the
lines of penetration, take a few horizontal sections—which will all be
circles—of both solids, between those already found, and through their
points of intersection, in plan and clevation, draw lines, and they will
be the lines of intersection of the surfaces of the cone and sphere, ns
vequired in the problem, and shown in No. 1 and No. 2 (Fig. 188).

79. The next problem will show that although sections of the two
solids might be taken in such a way that they would produce circles
for both cone and sphere, and give apparently an easy solution of it, it
is necessary for the draughtsman to exercise judgment in deciding
upon his method of proceduve. 'The problem is—

Problem 85 (Fig. 189).——d sphere is penctrated by a cons horizon-
tally ; requived the lines of penstration in plan and elevation,
when the axes of both solids are in a plans parallel to the VP, and
at right angles to cach other, but that of the cone not passing
through the centre of the sphere,

Praw in first, as if entire, the plan of a sphere penetrated by a
cone, having ity axis parallel to the IL, and passing through that of
the sphere, as shown in No. 1 (Fig. 188). From this plan get an ele-
vation of the solids, showing the axis of the cone some distance wbove
the centre of the sphere. Now, if sections of the solids be taken by
planes parallel to the axis of the sphere—which is assumed to be
vertical—and at right angles to the VP, the sections would in reality
be circles for both solids, but only straight lines in projection in
both plan and elevation, which would be useless in determining their
intersections.

Again, sections taken through both solids parallel to the axis of
the cone, although giving cireles for the sphere, would still give hyper-
bolas for the cone, which are not desirable. The simplest method in
solving the problem will therefore be to assume vertical section planes
ta be taken.through the apex of the ¢one in varying dizections and
passing through both solids simultaneously. These would give tri-
angles for the cone and circles for the sphere; the latter, however,
being at an angle to the VP, would in elevation be projected into
ellipses. Therefore in No. 1 (Fig. 189) draw in, through o’ the vertex
of the cone, to its base, as many lines—say three—a'l a'2 a3, as it
is intended to use section planes. Next find in No. 2 the elevation
of the triangular sections produced by these planes, as in previous
prablems, ﬁ)en, s0 far as the sections of the sphere are concerned, all
that is required is to find the points in the cllipses—into which the
circular sections of the sphere are projected—which interscct the
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triangular sections of the cone, for it is through them that the lines of -
penetration of the sphere by the cone will pass.

To determine these points, there is no nocessity to draw in the
elliptic projections, as they may be found very readily by the use of
the paper trammel before mentioned. Having numbered the section
planes, in plan and elevation, as in No. 1 and No. 2 in the figure, and
noted the points 4, 5, 6, 7, where they cut the great circle of the
sphere in No. 1, draw in, in No. 2 through line cs, which passes
through the centre of the sphere, the lines in which the major axes of
the ellipses will lic. One of these only—viz, that from = in No. 1—is
drawn in, in the diagram, so as to prevent confusion. Then with half
the major and projected half of the minor axes of each ellipse—there
being one for each section taken—on the trammel, manipulated as
explained, al! the points in the lines of intersection, except the
extreme ones, are found as shown in elevation No. 2. For the plans
of these lines that will be seen from above—shown in No. 1—let fall
projectors from the points in the lines 1, 2, 3, 4, in No. 2, to cut the
corresponding ones in No. 1, and through the intersections draw the
. curved lines as shown, which will be the ones required.

Should the axis of the ‘cone be inclined to the VP, still remaining
parallel to the HP, and the lines of intersection of the two solids be
required, when in this position, proceed as in previous cases to transfer
the plan No. 1 to such a position in No. 3 as will bring the axis of the
cone to make the required angle with the TL, and then from it and the
elevation No. 2 obtain by direct prejection the view shown in No. 4,

Fram the problems which have heen given in this part of the sub-
ject, the student will be able to appreciate the endless variety of posi-
tions-the solids in combination may be made to assume, but as it is not
our object to multiply examples, but to give only such combinations as
are likely to occur in practice, we pass on now to the last section in
the application of the principles of projection—viz., the “ Development
of the Surfaces of Solids,” a subject of the highest importance, not
only to the draughtsman, but to all who have to shape or fashion any-
thing constructed of sheet metal.



CHAPTER XX )
THE DEVELOPMENT OF THOE SURFACES OF SOLIDS

80. To determine the exact form of the surface of any solid,
whether it be plane or enrved, it is necessary to obtain what is known
as its “development ™ ; or, in other words, the particular shapc its sur-
face will assume when laid out fat, supposing it possible that it can be
s0 treated.

Yor such a surface to be *developable” it must be one, on every
purt of which a sheet of any flexible—but non-elastic—material can he
made to lie when bent, without leaving any hollow spaces. Should
this not be possible, then the surface is non-developable.

From this definition, it will at once ,he seen, that all plane-surfaced
solids are developable, while of those having curved surfaces, only the
cylinder, and the cone, with their frustums, fall within the same
eategory; the sphere, with the spheroids, ellipsoids, and many other
solids of revelution, having surfaces which will not coincide with a
plane when laid out flat, but would tear or crease, being non-
developable.

The figure of the developed surface of every solid, which when hent
will cover it at any and every point, is called the “envelope” of that
surface.

In the eylinder and cone, as well as in every other solid of revolu-
tion, any line drawn on their surfaces, in the same plane as their axes,
is ealled a “meridian.” TIf such a line is straight, the surface is de- |
velopable, buf if curved it is non-developable.

A surfuce which is generated by the motion of a straight line is
called n “ruled” surface, and wmay be either developable or non
developable ; if the latter, it isa “ twisted ” surface, in that it cannot be
laid out on a plane without being torn. A ruled surface may, how-
ever, be curved, and developable, and yet form no part of a cylinder
or a cone, as will be shown later on.

The ﬁnding of the devclopuents of planesurfaced solids involving
no difficulty, few problems are necessary in connection with them, as it
will be seldom that any will eceur in the practice of the student, with
which he will not Le able successfully to grapple. The first is the
simplest possible, and hardly rel]un;{es demonst,tatmn but as it shows

13
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the method of procedurein finding the development of the surface of
any plane solid, it is here given.

Problem 86. (Fig. 190).—Given the plan of a cube; to find the
) development of ils surface.

Let abed in the diagram be the plan of the cube. Then as its six
sides are all of them equal squares, with every two adjecent ones at
right angles, all that is required in finding its development, is to con:
ceive each of its vertical faces turned down on its lower &dge as a
hinge, until it lays flat on the HP, one of the faces in its turning
carrying the top face abed with it

.
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To show this graphically, in Fig. 190, produce the four sides of
the square a b ¢ o indefinitely ; then from its four corners, set off on
the produced lines at &, ¥, ¢, &, a length equal to any one side of the
cube, and through the points thus found, draw lines parallel to its
sides, as shown.  From &' in ab produced, set off a length bz, equal
to that of the edge al, and at @ draw a line parallel to ¥y, and the
development of the cube will be complete. The surface enclosed
within the boynding lines of the diagram will then be the “envelope”
of the given solid, for it is its whole surface laid out Aat, and will, if
cut out of a sheet of paper, and folded over on the lines ac, cd, d b,
ba, and by, until each adjoining surface is at right angles, exactly
cover all the cube, without leaving any vacant space between it and
them,

81. As the development of the whole of the smface of a square
prism would merely be a repetition of that given of the cube, in the
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next problem only a part of a prism is taken, as the solid whose de-

velopment is required.

Problem 87 (Fig. 191).—Gliven the clavation of n truncated spuare
prism, to find the development of its surface.

.
x

N_-_—_--_—_.—.-—.

Fig. 101

Let Wo. 1 (Fig. 191) be the side elevation of the prism, standing on
ity base in a vertical position. As its base is square, its vertical sides
will all be of the same width ; therefore on the line ¢d produced inde-
finitely, draw in first an elovation of the prism, looking at it in the divec-
tion of the arrow. From ¢ and ¢ in it, set off in points 2, 2’ a distance
equal to ¢d in No. 1, and through them draw vertical lines, and cut
them in points 3 and 3, by a projector from a. Join ¥ 3 and § 3",
For the base, and top surface of the prism, produce the lines ¥, ¢ b,
in both directions indefinitely. Then with ¢ as centre, and ¢'2 as
radiug, eut b'¢’ produced in point 1 ; and from &', with '3 as radius,
cut the same line in point 4, and complete the rectangle 45 (above)
and the square ¢'l (below) as shown. From point 2 in ¢d produced
set off a length 2y, equal to ¢2, and through -point y draw ya,
parallel to 2 3'; join 3’ and x, and the development is completed. 1
the resultant figure (the envelope of the prismi} he cut out in paper,
and treated in the same way as that of the cube, it will be found to fit.
the solid exactly. :

82. As the surface of an oblique prism iz often found to be more
difficult of development by the student draughtsman than that of a
right one, the next problem will show how it may be correctly found.
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sides, are often used in giving shape to mechanica) details, the solution
of the following problem will show how the development of thie surfaces
of such solids is found.

A
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Fig. 195

Problem 01 (Fig. 1953).—Given the plan and elevatién of a square
pyramidal-shaped solid ; to find the development of its surface.

Let ABCD, No. 1, Fig. 195, be the plan, and AeB, No. 2, the
elevation of the solid, its axis @a’ being perpendicular to its base.
Divide the side aB, No. 2, into any number—say five—of equal parts,
and through 1, 2, 3, 4, the points of division, draw lincs parallel to
AD and BD. Through &'—the axis—in No. 1, draw a line indefinitely,
cutting BD in a:; from x set off in this line the equal parts that B,
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No. 2, is divided into, and througl the points of division draw faint
lines parallel to BD.  Then the intersection of these, by lines drawn—
parallel to AD—through the points in the diagonals BC and AD, eut
by those let fall from 1, 2, 3, 4, in al3, No. 2, will give b, ¢, d, e; and
U, ¢, d, ¢; through which, from B and D to @, the curved lines shown
are drawn, The surface enclosed by them and the line BD will be the
development of one side of the given solid. As its axis is perpendicular
to ity base, and all its faces are alike, the development found of one
fuce,"if repeated on the other base edges E‘AB, AC, CD) of the solid,
will, with the base itself, give the complete development vequired, The
difference between the.apparent and real surface of a side of the solid
is shown in No. 2 in the diagram, where the full lines give the apparent
surface when bent to its shape, and the dotted ones the sume surfuce
laid out flat.

The solid here dealt with, has been chosen to show that although it
has compound curved surfaces—convex and coneave—combined with a
flat one—its base—yet it can all be made, if nccessary, though at a
great waste of material, out of a single flat plate, its sides being after-
wards bent to the shape required.

86. As the whole, or a part of the surface of another plane solid,
the * oblique pyramid ” (which often contributes in giving form to plate
and other metal structures), is rather more difticult of development than
that of a “right pyramid "—on account of its frequent great inclination |
from the vertical-—the solution of the next problem will show how its
correct development may be found with the least number of construe-
tion lines. :

Problem 92 (Fig. 196).—Given the elevation of an oblique square
gyramid, to fiud the development of its side surfaces, when its aris
s tnclined 45° from the vertical; also the development of the surfaca
of a frustwm of the same pyramid, of a given veriical height.

Let ABC, No. 1 (Fig. 196), be the clevation of the pyramid. As all
its sides with their edges ave inclined to both the VP and HP, it is
evident that the actusl shape of the whole or any pwrt of its surface,
cannot be found by direct projection, or from the elevation alone,
without a plan of the solid. Now although an oblique pyramid diflers
from 2 right one, in having its axis inclined to its base it must bo
rememberced that any section of it paralle] to its hase is still-—as in the
case of & right pyramid—of the same form as its base.  Bearing this in
mind, there will be no difficulty in solving the given problem, more
particularly the latter pari of it.

The elevation of the pyramid being given, find by projection a plan
of it, as shown in full lines in No. 2, Fig. 196, keeping the axial line
Aa a convenient distance from its base BC, in No. 1. Then to find the
development of the surface required: in No. 3, Fig. 196, draw a ling
(iu(leﬁuite]y% ab right angles to BC the base, and a projector from its
apex parallel to that base; to cut it in A" On the line through A’ sct
off from A, the length of the longest side AD of the pyramid in &',
and through «” draw a line at right angles to A'e’.  From ¢, set off to
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right and left in B and B, half the length of one edge of the base
of the pyramid, then the line B'B will be the development of the edge
D'B in No. 2. Join Dand B’ with A’ by straight lines, then will
the triangle A'B'B be tho development of the longest face of the
pyramid.

For the adjacent faces BA'C, and B'A'C’: with DB’ as radius and
B,D’ as centres, describe ares to right and left, and from A’ as centre
with the actual length of the edge AC in No. 1 as radius, cut the arcs last
drawn in C and €. Join A'C and A'C by right lines, and the triangles
A'CE and A'BC will be the development of the front and back faces
of the pyramid. For tho shortest face—or that to the right in No. 1—
of the pyramid in No. 3, with C as centre, and CB as radius, deseribo
an arg, and from A’ as centre, with AC as radius, cut that arc in C';
join A’C” with a right line, and the development of the four faces of the
pyramid when laid out flat is complete.

The actual length of A’'C in No. 3 is the Aypothenuse of a right-
angled triangle, of which the line AC in No. 2 is the base, and the
vertical height of the pyramid—or Az in No. 1—the perpendicidar.
This hypothenuse is shown by a dotted line drawn from A to y in .
No. 1, the length ay heing equal to AC in No. 2.

For the development of the frustum BbeC of the pyramid, as its top
edges are parallel to the base BC, it is only necessary to set off the
length A% in No. 1 from A’ in No. 3, in the point @, and through it
draw a line parallel to B'D, cutting A'B’, and A'B in &’ and b; then
parallel to C; B'CY; and CC'; draw be, Ve, and ¢'¢”, and the develop-
ment is complete. The dotted ares in No. 3 show the direction the
developed side and end surfaces would move in to form the covering of
the solids.

87. The foregoing examples of the development of the surfaces of
plane solids being sufficient to show the principle on which they are
obtained, we pass on to the consideration of those which are bounded
by developable curved surfaces, such as the cylinder and cone, with
their frustums,

Problem 93 (Fig. 197).—@iven the plan and elevation of e right
cylinder; to find the development of its cwrved surfuce, and that of
a given point, and line on that surface.

Let the cirele No. 1, Fig. 197, be the plan of the cylinder, the rect-
angle bede, No. 2, its elevation, and the line a &' its axis. Also let x and
¥ be two given points in its front surface. Now, a cylinder has been
defined to be a solid generated by the revolution of a rectangle ahout
one of its sides as an axis; or its surfuce may be conceived to be
generated by the motion of a straight line around another which is
tixed ; the former being always parallel to the latter, and ut a given
distanee from it, thereby causing every point in it to lie in the
cylindrical surface throughout its motion. This surfuce being generated
in one completo revolution, it is evident that it may be developed or
laid out flat, by causing, as it were, the solid to give up its surface while
rolling on a plane through one revolution.
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frustum, and number them as shown. Then from each of the points in
the Jine ad, where the meridians drawn on the front side of the frustum
interseet it, draw projectors parallel to be produced, to cut its corre-
sponding meridian in No. 3. A line drawn through the points of
intersection of the projectors and meridians, will then give the develop-
ment of the front half of the frustum.

For the back half, produce the projectors drawn through the points
1 to 7 in ad, to cut the corresponding meridians on the back face of the
frustum ; then a line drawn through their intersections as shown in No.
2, will give the development of the top edge of the frustum. For the
side and bottom edges, draw in, in full, the lines d¢, 4'¢, ¢ ¢, and the
required development is complete. ‘

80. As parts of the surface of an ebligue cylinder sometimes enter
into the design of boiler flues, uptakes, air shafts, etc., it is necessary
that the difference between its development and that of a right cylinder
should be understood by the student.

The particular difference hetween the two solids, the right and the
oblinue cylinder, is, that in the former its axis is perpendicular to its
bases or ends ; whereas in the latler it is inclined to them ; the ends in
both cases being circular and pavallel to cach other. There is, however,
another important difference, which affects their developments ; viz., thut
a section of either, taken parallel to its ends, iz a circle; while a
section at right angles to the axis of either is a circle for the right
cylinder, and an ellipse for the obligue one. This difference in cross-
section, it may interest the student to know, is the reason why all cir-
cular vessels or pipes intended to withstand an internal pressure when
in use, are right cylinders, while those employed as mere conduits for
the passage of air, smoke, or light gases, not under pressure, may be
made in whole or in part of oblique cylinders. The solution of the fol-
lowing problem will show how the development of the surface of an
oblique cylinder is found.

Problem 96 (Fig. 199).—To find the development of the suvface of
anobligue eylinder of a given diameter and length, ard havi ny its
axis inclined at o given angle.

Lot the inclination of the axis of the eylinder be 60°; then to find
the development of its surface, we must first draw its elevation.
Assuming it to be resting on one of its ends on a horizontal plane,
toke the IT. as that plane, and at any comvenient point in it, as @ in
No. 1, Fig. 199, draw a line making with the IL an angle of 60° With
2 as centre, and half of the intended diameter of tho base of the
eylinder as radius, describe a semiwircle cutting the IL in & and ¢ ;
and through those points draw lines parallel to @a’. On the axial
line, set off from @ the intended length of the cylinder, and through
the point thus given, draw the lined ¢ parallel to bc; thend beewill be
the elevation of the eylinder.

Next, divide the semi-cirele into any number—say eight—of equal
parts, and through each point of division draw a line—perpendicular
to he—to cut bein the points 1, 2, 3, ete; and through these draw
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and x as centre, and describe arcs to cut BC in points 1, 2, 4, cte.
Join each of these by right lines with A, the apex, then will they be
—taken in order-—the actual lengths of meridians drawn on the front
surface of the cone, from A its apex to the points 1, 2, 3, ete,, in its
base edge. The atis of the cone being in a plane parallel to the VP,
or plane of the paper, the meridians on its back surface will be of the
same length as those on the front one, being directly behind them,

93. To make the finding of the actual lengths of meridians on an
oblique cone's surface as clear as possible to the student, let him con-
ceive a right-angled triangular plane (having a constant altitude, or
perpendicular, as 4 2 in the figure, but a vaiying base, of lengths equal
tu the distances between @ and the points 1, 2, 3, ete, in the semi-
circle on BC) to swing on its perpendicular edge Awx as a hinge,
through the arcs drawn between the points 1, 2, 3, ete., in BC, to the
corresponding one in the sewmi-eircle drawn on BC, it will then be
seen that the hypothenuse of such a trianglar plane would coincide
with, and be of exactly the same length, as a line drawn on the cone’s
surface from its apex to the point in its baso corresponding with that
of the particular plane taken. For instance, take the plane havinga
base #3" in No. 1, then the line A3 will be the actual length of
a mevidian deawn on the surface of the cone from point 3 in its base
edge to its apex, and so with any other of the planes.

Having thus found the length of any meridian drawn on the cone's
surface, its development offers no difficulty. To find it, draw a line in-
definitely in No. 2, Fig. 201, parallel to A = in No. 1, and project over
to it the point A ; on this line set off from A the distance AB, equal
to the length of AB, No. 1. On either side of B, No. 2, draw an arc of
a radius equal to the length between B and point 7 in the semi-vircle
on BC in No. 1, and from A in No. 2, with the distance between A
and point 7 in BC, No. 1, as radius, draw arcs cutting those struck
from B in points 7, 7'; and join these points with A by faint lines as
shown. From 7 and 7' as eentres, strike arcs of the same radius as
from B; and from A with A6 in No. 1 as radius, cut the ares last
drawn in peints 6, 6'; join these points with A by right lines, and repeat
the process till AC in No. 1, as radius, is reached ; then join C and C'
with A, and the figure ACBCA will he the complete development of
the whole surface of the oblique cone, of which ABC, No. 1,is the
elevation.

Yor the development of the surface of the frustum dDCe, Na. 1, of
the same cone, we have in effect to cut off from that just found so
much of the surface as will cover the smaller oblique cone in No. 1,
having the line of section be for base, and A for vertex. With the
meridians already drawn in, all that is required to be done is to
measure off on each of them respectively, its length from the vertex A
to the point in b e in No. 1, where that meridian crosses it, and
transfer it to its corresponding meridian in No. 2 ; then a continuous
line, as ¢'be, drawn through the points thus found, will be the de-
velopment of the top edge of the frustum, giving the remaining lower
part of the figure in No. 2 as the required development, of the surface
of the frustum #BCe, given in elevation in No. 1, Fig. 201.
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94. llaving shown how to find the development of the surfaces of
the eylinder and cone—right or obligue—with that of their frustums,
we have now to explain how the eovering of a “sphere” is obtuined.
Yts surfnce, as @ whole, has been previously stated to be non-
developable, but it does not necessarily follow that such a solid cannot
be covered.  The impossibility of doing this with ene shect of material
is overcome in practice by dividing its surface into what are called
¢ gores,” or figures which may be defined as made up of two spherical
triangles joined at their bases; such a triangle diflering from a plane
one in having all its sides curved—they heing arcs of great cirefes of
the sphere—instead of being straight,

In previcus problems in connection with the sphere, it was shown
that any section of it made by a plane passing though its axis, gave
1 great eircle—or one equal in diameter to the sphere—for that section;
and from the fact, that such a solid is generated by the revoluiion
of a semi-circle about its diameter as an axis, it follows that any planc
section of it, at right angles to a great circle section, will be a circle
laving a dizmeter proportioned to the distance that the cutting plance
producing it, is from the centre of the sphere,  Then as the halves of
. sphere—or hemispheres—are equal solids, the covering of only one
half need be found.

The parts into which a sphere is supposed to be divided for the
purpose of finding its covering, are such as would be produced by a
series of vertical planes passed through its axis, dividing its equatorial
circumference into cqual parts, and giving what are ealled “lunes” as
thie resultant solids; and it is the development of the surfaces of these
Iunes which has to be found. The first problem in this connection is—

Problem 99 (Iig. 202).—Given the plan and elevation of @ hemisphere ;
to find its approximate covering, the axis, or pole, being assumed
to be vertienl.

Tet Nos. 1 and 2, Fig, 202, be the given plan and elevation of the
solid, resting with its base AB, on the HP, and its pole Pp, perpen-
dicular to it. First divide its surface in No. 1 into, say six cqual parts,
by meridians AB; 11°; 22'; passing through the pole P, and find
their elevations as in No. 2. Now the meridian lines passing through
P are the plans of meridian planes ecutting the hemisphere into
six half-lunes, and as these are equal solids, having similar and equal
surfaces, it is only necessary to find the covering of one of them.

To do this, divide the quadrantal arc AP in No. 2, iuto, say
four equal parts, in points 3, 4, 5, ete, and through them draw
lines parallel to AB, to meet the opposite arc PB. Assume these lines
to be parallels drawn on the surface of the hemisphere, and find their
plans—which are circles—in No. 1. Number the points where they cut
the meridians 2 2', 1 1’, to correspond with their elevations. From the
point , in the base of the hemisphere in No. 1, on the axial line Pp
produced, set off a length @ p, equal to the ectual length of the are AP
in No. 2; divide this into the same equal parts that AP is divided
into, and through the points of division, draw lines at right angles
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to Pp. On either side of ' Pp, on these lines, set off in points 33, 4 4, -
5 §', the actual lengths of the arcs drawn between the meridians 2 2/,
11, in No.1; and chrongh them and p, draw curved lines. DMake the
length of these—mensured along them from p to 1, 2—equal to p =,
and through 2, 2, 1, draw the eurved line shown. Then the spherical
trinngle p2 1', will be the development of the surface of onesixth of
the hemisphere.

The greater the number of gores, or parts the surface of the
hemisphere is divided into the nearer will they—when properly bent
and joined together—approach the true spheric form.

98. In practice, where a hemispherical surface is required, as, for
instance, in egg-ended boilers, tops of floating buoys, dome-shaped
coverings, ete., it would not be possible to make it of plates cut to
the shape of a perfect gore, as the plates could not be riveted together
at their upper or pointed ends. In such case, it is usual to cut the
gores short of the required length, and fit a dished ecircular crown
plate to which the upper ends of all the gores are riveted. In the
hemisphere given in the problem this crown plate would about equal

_in diameter the smallest circle shown in the plan No. 1, necessitating
the gores being cut at their top ends, to the curve of an arc—shawn
dotted—struck from p, of a radius*to suit the crown plate.

In many curved surfaced structures of hemispherical form—to save

_expense and. much lahour in construction—the covering adopted is that
of a spherical polyhedron, having a great number of faces; each face
being tangent to a hemispherical surfnce, the touching part being a
straight line, eoinciding with, and falling on a meridian, which divides
the face into two equal parts throughout its length. In the case of
the covering of a truly hemispherical surface, each gore would not only
have to be %ent lengthwise, to the are of a circle of the radius of the
sphere, but it would also require to be bent crosswise, or dished, which
would necessitate special care, so as to ensure the same curvature in all.
By adopting the polyhedron surface, the covering material only needs
bending in one direction—lengthwise—as each g’v[?re is a part of a
cylindric surface and therefore developable. o devélop such a
surface proceed as follows— '

Let the circle ABCD, No. 4 (Fig, 202), be the plan of a hemisphere
to be covered by a surface of the form of a spheric polyhedron of
twelve faces or sides, and let the lines AB and CD—which are at right
angles to each other—be meridians on the hemisphere. Divide the
quadrant AC into six equal parts, and at the points of division draw
faint lines to the centre, or pole p. Also divide the are CB into
the same number.of equal parts, numbering the points of division 1, 2,
3, ete., a8 shown in No. 4. From p, draw radials through points
5, 6; and at C, a tangent to the circle, to eut them; then .will the
triangle p, 5, 6 in No. 4, be the plan of one of the gores of the
given surface.

To find its development, parallel to the diameter AB No. 4, and
through the points 1, 3, 3, etc., in the arc CB, draw lines to cut the
two radials p5, p6; produce the diameter CD indefinitely—upwards
—and on it from C, set off to p’, the equal parts into which the src CB

l’
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is divided, and through the points of division draw lines paraliel to the
tangent drawn through C. Then from the points of division in the
radials p 5, p 6, cut by the lines drawn from points 1, 2, 3, ete., in the
are CB No. 4, draw projectors parallel to CD produced, to cut the lines
drawn through it in the points 11, 22, 33, ete. Through these lust
found pumm and 3/, draw curved lines as qlmwn, and the trlﬂ.n"'ular
figure p'G 5 will be the development of the gore required.

96. If a hemispherical or dvme-shaped surface is of large area,
a different method of covering it would be resorted to. Instend of
dividing the spherieal surfaces into gures, that of “zones” or cireular
helts cut into convenient-sized sections would be the form given to the
material. The method of finding the proper shape of such sections is
shown in Fig, 203, and i3 ag follows—

With p, in the given straight line AC in the figure as centre, and
with pA as radius, describe the circle ABCD. Tet the upper half of
it, No. 1, he the elevation, and the lower half, No. 2, the plan, of the
front part of o given hemisphere, whose surfnce is required to be
uuvp-ng by material in the form of zones or belts. Divide the are A,
of the semi-circle ABC, into any number of equal parts, say four; and
ut the points of the division 1, 2, 3, draw lines parallel to AC.
Produce the dinmetral line B —upwards—indefinitely, and through
the points 4, 1, in che are ADB, draw a line to cut this produced line in
«,  Through points 1 and 2, and 2 and 3, deaw similar lines to cut |

BD produced in y and z.  Then with xA, and x1, as radii, draw ares
mlleiuube]y, and repeat the process with y and 2 as centres, and g yLy2;
z2, 23, as rdit. Now the surfuce enclosed between each of the pairs
of coneentric arcs, struck from o, ¥, 2, as centras, are portions of the
surfaces of frustums of cones, having those centres as their apiees, and
the lines AC, 11/, 22, 33, as their bases; the heights of the frustums,
and the slope of their sides, heing determined by the number of parts
into which the rre AB of the semi-circle ABC is divided.

The, lengths of euch of the covering picces in the zones or belts are
determined by the number into which the belt is to be divided. Let
this number be four; then to show their position and length on the
spheric surface, find by projection on the-plan of the front half of the
hemisphere in No. 2, the plans of the lines 11',22, 33" in No. 1, which
will be semi-circles as shown.,  Now the radial line pI) divides each of
the semi-circular belts into two parts, and as four such parts of each
beit will cover the hemisphere—with the exception of the erown plate
—the length of one of them in each, taken in order, will be the length
that each of the strips E, F, G, in No. 2, must be. Thercfore on each
of the outer arcs drawn from x g, =, set off the actual lengths in
points, o, 1, g, of their corresponding arcs in the quadrant Ap, 1),
No. 2 and through d, /) y, draw lines radiating to x, ¥, z, to cut the
inner ares, or edges of each belt as shown,

In arranging the plates for covoring such o surface, they would for
strengthening and other important reasons be made in practice to
“break joint,” as shown by the short radiating thick lines in the hali-
plunof the hemisphere No. 2 in the figure.

By one o the other of the methods shown and explained in
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Figu. 202-3 the coverings of the sphere—oblate or plolate—the ellipsoid,
paraboloid, and hyperboloid with their frustums may be found.
Combinations of parts of these solids, with those of the cylinder,
cone, and sphere, constantly oceur in practice, and all that is required
of the student for the mastery of each case as it arises, is to make
himself thoroughly acquainted with the actual forms of the solids
which enter into combination, and then apply the principles which
have been so fully explained in this and previous chapters, and on
which their correct delineation depends. -

97. With the problems on the covering of the sphere, cte., the
subject of the * Development of the Surfaces of Solids” is concluded,
and with it the exposition of the principles of that special kind of
“projection " on which the art of Mechanical and Enginecring Drawing
is based. The problems in each division of the slﬁ:ject might have
heen considerably increased in number, but as such an extension wounld
have involved the expenditure of more of the student’s time than the
subject warrants, as many have been given as will be found necessary
for all his future requirements.

A careful study of the foregoing first principles of the Mechanical
Draughtsman’s art, and the conscientious working out of all the
problems furnished for their complete elucidation, will lead the student
to an easy comprehension of the method of their practical application
to the delineation of all kinds of machine elements, a.nr.r engine
details, which may form the subject of a further work by the author
of the present one here concluded.
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