&

H ﬂ.:CZ THE TIME that the first man made ¢rude draw-
. ' ings on the walls of his cave to the present day, his tech-
nique has gradually improved. He has, however, always been
limited to the flat plane of his paper or other medium of ex-
pression of his ideas in line. In modern drafting in this
country, three methods of depicting the shape of an object

are in vogue: Perspective, Isometric, and Three-Angle (or

Qrthographic) Projection. In viewing any ordinary cubicle
object, from whichever angle we look at it, we can see no
more than three of its sides. We can, however, on a single
picce .of paper, show more than one view, and are thus
enabled to depict the object from all sides.: _
Perspective drawing shows an object just as the human
“eye would see it. Paralle] lines on the object appear to even-
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. Methods of Depicting and Dimensioning Shape on a Drawing

(provided that the measurement is taken in any one of the
three angles) true dimensions can be measured.

In Three-Angle Projection, a separate drawing is made
for any view desired. The most common construction of the
three-angle projection, is to draw the plan view just as we
would sce the object as viewed: whem we look directly
down on it. The drawing is made with all horizontal dimen-

. sions "shown as true measurements, and no effects of sy

tually come together, just as we would visualize a straight .

railroad track running across a level prairie. Perspective draw:.

ings are the kind we see in an etching or painting, and have -

the disadvantage of not being measurable to obtain accurate
dimensions. They do, however, show more than one side ‘of
an object, if the drawing is made from the proper angle of
VIS101., B .
[sometric drawings are similar to perspective in that more
than one side of an object can be shown on the same draw-
ing, They are produced with one side being drawri to'a 30"
angle from the horizontal to the right of a vertical corner, and
the other side to a 80° angle to the left. All measurements of
width for an end are laid off on one of the 80° lines, and
measurements for length on the other. All measurements for
height are made vertical. Thus at any place on the drawing
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spective are taken into account. Prate 1, Fig. 1—A" vic.:
of the right-hand end of the object is drawn to the right of
the plan view; and if a view of the object’s leftthand end is
necessary to show some special feature, this is: e

the left-hand side of the plan. The front view is il

below the plan view, and if another view of the opposite

‘side is necessary, it is drawn'inverted above the plan view.

In some European countries, the reverse of this practice is
dommon, and in this country these reversed views are spoken
of as “Dutch projections.” Views other than the plan are
alled “elevations.” The front view is sometimes called the
Profile. . . . | _

In the depiction of curved surfaces of varying contour, it
hecomes evident that outline shape only can be shown in
projected views. Some means must be devised to show the
shiape that cannot, be shown by outline alone. If we were
to oot a slice from a perfect sphere in any direction, we
would get a flat surface bounded by a perfect circle. If we
were to do the same with a cube, we would get a square
or parallelogram depending on the direction of the slice.
We thus see that a plane ‘cut through any object will depict
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the shape of the object at that point. A sexies of these slices
or planes cut through an object will give the shape at any
point, much in the same manner as, slices through a hard-
boiled egg will give varying shapes, all of which when as-
sembled will produce the shape of the egg.

Early-in the art of shipbuilding, models were:made of lay-
ers of wood running parallel to the water line; When taken

apart, the boundaries of these-layers gave anexcellept'ided « |

W e

of the shape of the ship at those particular levelsof water

lires, ‘thus, when the art of drawing ship’s ::_m._.u._.mm/\%wwm& i
to the present perfection, these levels were spoken of as .

waterlinds. In thé aeronautic industry-the term is still some-

ines used, as the method of employment is the same: At

other times they are spoken ‘of as level lines or horizontal
sections. As this book has been written for both the ship
and airplane loftsman, and there must be some standard of

Hﬁmaawﬁ %. the boundaries of all horizontal sections will be
"Spuxen of always as waterlines. :

Similar to the waterlines are the vertical longitudinal sec-
tions, In early shipbuilding they were referred to as bow
lines and buttock lines. The bow lines show the shape for-
ward—the buttocks, the shape aft. Today the word . bow
line” has disappeared from the shipyard drafting room and
loft. The word “buttock” is used to describe all vertical see-
tions, and will be so used all through this book. i ¥

Often a waterline or buttock will not adequately show.

 the shape of a particular desired point, and here a diagonal

plane is cut through the object. This plane is referred  to
as a diagonal. .

So far, we have dealt with longitudinal sections. These,

while giving us a ‘very complete picture of longitudinal
shape ‘and contours, do not give us shape in tha transverse
direction. This is obtained. by the process of cutting trans-
verse sections through the'object which are called™ frame”
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or “station” lines, The entire collection of waterlines is re-
ferred to as the “Plan’ br “Waterline Plan,” the collection
of buttocks as the “Profile,” and the end views showing the
frame lines ot transverse sections are called the “Body Plan”
(Prare 11): .
Prate 2 shows the lines of a small motor boat with one #
waterline, one buttock and one station taken off from the
main hody lines to show how these planes are cut through
the bulll At the left-hand side of the plate the top of the
hull has been removed to show the shape of a watérline.
* Above this the rear portion of the hull has been removed
‘to show the shape of a station; at the right-hand side of
] ﬂrm @Enm__. a portion of the hull has been cut away-on a buit- _
tock plane to show the shape of this feature. All of these -
platies have been assembled in the center of the drawing s0 .

the solid hull. . S

All drawings of shape are originally made on a reduced
size or scale. This scale is a direct proportion of the full
size object, and different fractional parts of an inch are
usedsin this country to draw the Ho?mmm:ﬂmmou of the actual
size of the object, for instance, we could use one inch on our

'+ drawing to represent a foot on the full size object. Thus

our drawing would be one-twelfth actual size. The con-
“ventional scales in use in engineering work in this country
aré: one-eighth inch, one-quarter inch, one-half inch, one
inch and the ‘series of three thirty-seconds, three sixteenths
and tpward to three inches equalling one foot. Some aircraft
plans are made to half size, or six inches to the foot, and .
_where small detail is involved they are laid off full size,
and even twice or four times full size. _
Where the scale is small, it is evident that a small error
on the drawing is greatly magnified when the full-size object
is laid off from a measurement taken from the plan. Thus, if
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that each plane can be seen in its relative position through
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the scale is one-quarter inch to the % anserror ‘in E..&ﬁw&. . given at every: frame oy station _q The ainganft o:?amsm“ ol
forty-eight times. From this it becomes evident that in gurved also given .ESMFH&\ o1t frame oy rif, lines, The dimensions f5® _
surfaces the errors. thyg made in measuremenis for contour ship lines,are termed® OfseM-Pr any 9.1 are given in feet, = iy
will be sufficient to produce unfair lines. These errors must be inches’ and eighths, Thus, if .ﬁro. half breadsh at 4 certaim
corrected in some manner, and this process i called “fairing,” waterline where 10" 55 a certain frame were twelve feet,
which will be taken up later in this hook. From the foregoing: - seven and thres-quarters inches, the offset would: be written
it is also evident that all small-scale drawings must be made 12-7-6; the six-eighths, of course, being three-quarters of ap
with extreme accuracy to avoid large ‘ervors inthe full-size inch These offsets are given in a tabulation for the whole of
layout, ) _ _ the ship'y shape in the offget table. Separate offsets are given
In the three-angle projection method of depicting shape, torthalfwidihs and heights. Half-widths are given on all the - i
_ there are ften contoprs which dq not show on the surface of waterlines at all fhe stations or frames, and denote the dis-
N i eet, For instance, a on,.mrEmmr ﬁr.n.&:.mmw__ﬁ.mﬁﬂ only. ,..Hs_nm..vo.ﬁémas the skin of the ship and jts centerline. The dj-
:__4 W, 10 ORE view, Man has devised an :).m@m:.@:.m. Emwrﬁm of . ménsions for height are given on the buttocks above the base
" m:ﬁé:m these parts of‘an object which do fot .u__.ngE...E his' * line: « A _ e
| “=ye. On his drawings he visualizeg these hidden parts-by the As most aircraft dimensions are given in inches and frac. "
use of dotted lines lighter than the outline of the object, thys tions; the offsets are similarly given in inches. Thus the 12.7.6 .-

allowing him to show o the drawing in phantom that which “ offset for a ship would be written 151-3/4” on an air craft.
Is nonexistent to his sight. If we were to view a cylindricaf? - drawing, Where the station shapes on aircraft of flying boats -

L2

. bar, we know that it has a center running its ful] length. . ...,__.m__.m often comprised of arcs and straight lines, radi and other
Actually we cannot sep this center, hut on 4 drawing we can similar fipures, the offset table does not give waterline and
.show a dot-and-dash line to Tepresent it, Again, on looking at. | - vﬁ.ﬁﬂ@r dimensions; hut diagram is drawn on the plan, and
“the bar we cannot see its length, but on g drawing of this¥ime - each similar dimensiop given a letter. Thus the half width
bar we can install dimensjon lines which will tell vis that the would be A, the extreme height above the base would be B,
bar is go many inches long. This dimension line is' placed the intersection of the bottom with the half beam € and the
parallel to the length of the bar between projection lines run . rm._.m.:ﬁ of the'keel K. (See Prate 16.) In the offsets these di-
off the actua] drawing of the bar. Arrow heads at the ends of - metssions would be listed under theijr designating letter for

this line tell us that it is a dimension litje, nnd the figure be. eachiindividual station of frame.
tween these arrows denote the dimensjon, We an also, on the = Dimensions for decks, sheer, knuckles and stringers of a
same drawing; denote the diameter of the Ly with dimen. ship are given both g widths and heights, as they usually do
sions in the view where the diameter 1s shown, s Y T the regular lines of the waterlines or buttocks.
A curved line, having no regular shapo that can be con-'-  Often on boats having straight sections with “vee” bottoms,
veniently dimensioned in the regular way,'must be dimen.: no dimensions are taken on waterlines or buttocks. The keel,
‘sioned at regular intervalg on the m<m7orm_.ﬁ_.__ i H_._:ﬁiﬂi_:__m, chine and sheer lines are dimensioned in the offset table or d i-
for instance, the dimensions of a m?.ww witerling ___;__..4 he rectly on the maméu.sm by duplicate dimensions of __c_.E:_ and
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half width. On speed boats and flying boats rmism.vms.m_.mz

sectioned bottomgiwith curved flare i the bow, the offsets at
this flave are given along a diagonal line which takes in wrmg
greatest portion of ‘the flare, Thus the lina s laid between
three dimensioned points. The keel, the diagonal and. .m:w.m
O_:.H.m. ) o E4 & : j * e : .
Where shape of a hull or other object follows triedgcompts: -
rical lines, such as an arc of a'circle or a mmamrcr% i@ panters
~of thé arc or the confines of ‘the parabola are the orl u».._om‘wm.nw;

or dimensions noted on %mmwmém:m or in the table of offsets.
This is noted on the drawing as the trace, or locus, of ﬂrm_.oo,__.w
ter of thegre, as “control lines,” or limiting %ﬁo:ﬁ.@%m for
pagabolas. Often the lines are not. Q:ﬁﬁnn%o_m_.& r Ee
~ smilasly arrived at section or ciirve ﬂ_rmw we will become Eoww
familiar with when the process of fairing is dealt with,

In the vee bottoms of flying boats, there is often a curve or
“flam” introduced near the chine to deflect the spray down-
ward, The rise of the bottom is nearly always a ﬁ_..mm.,mf line.

ki

iy

The curve or flam is usually an arc of a circle. It becomes evi- )
dent that some line must be determined to fair the extremities .
of the bottom’s rise. This is often done by laying out a line on
the ship’s half beam and tairing it alon g the Intersection of the
line of the bottom at the keel and the half beam. The dimen-
sion for the flam curve is then given at 90° {6 the ships bottom
at its beginning, or the point where it becomes tangent: The
trace of this line along the bottom is generally termed the

~tangency line.” Similar tangency lines are used where the :

fillets of a wing or strut meet the fuselage on aircraft,
To eliminate the writing of numerous notes on-a drawing,

i

‘per

N ’.l
there have been signs and designations u.:cmamnf__é?.or .
through constant use have become conventional on ship.draw--

Jings, g&%:m and riveting notes would become rather ._oam i

written out, yet these notes cin be very easily designated on a
drawing with conventional marks. Some of these are given on
PraTE 8, and as an instance of the labor and confusioni of
mh.méu._gm;d\ various notes, we can take a treble-riveted butt
strap or butt lap. T “stead of writing all thig information on the
drawing, the draftsman simply makes three dashes across the
.@m&r of the butt, and m<m3&0mv\ concerned knows from ex-
lence with other plans that these three dashes mean treble

rib Sting. In similar cases the dashes also indicaté the riveting
i seams and other laps. B
- Long ago il wooden shipbuilding, the shipwright marked
rh.m,wmmz with an “S” wherever g scarph or joint in the timbers -
occurred. This si gn became a mark for an y kind of a joint, and »
today in steel mr:urzz%bm it indicates a butt between two
plates or two angle bars, When égﬁm ships were designed
the mark was stil] retained to indicate a welded butt, Welding
notations also would take up a lot of the draftsman’s time and

a lot of space on the drawi ng, so the various i&&zm societies

- have gotten together in conference and the symbols shown on

Prarid have heen adopted for all welding notes. Other signs
have béen adopted by naval architects through the years of
the art and the most common of these are also shown on this
plate; The conventional signs for plate laps, scarphs of plating
and midship, as well as_the divisions of length of the vessel
are also shown. Quite a number of these conventional signs
can be seen in actual use on the shel] expansion, PLaTE 26.
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UST WHERE the practice of laying a ship’s lines down'
H full size on a wooden floor originally took place, is lost in
the antiquity of shipbuilding. We do know, for a fact, that'
somte of the Roman galleys were outlined on ' the smooth::
marble floors of the temples. We also know that the Viking.
long boats and the canoes of the American Indians were out-’
lined in stakes driven directly into the ground on which they
w8 built; the stakes forming the outlines of the vessél’s beam -

at'various stations, . .0- - _w_ =
. The term loft is easy to trace back to its origin. In the old
days of wooden shipbuilding and in’the early days of iron,
some sort of shop buildings were present in the yard. To build
a special covered floor on which to lay down the lines of the
ship or to lay out the fabric for her sails, was both a waste of
moom ground space and a duplication of a roof. Tt was only

_natural, therefore, that a loft be constructed under the roofs
©afYhe shop _E:&:m,f and hence the terms mold loft and sail
ioft; even though today some of these floors may be on the-
ground. L
Good practice today demands that a floor for 4 mold Joft.be
laid of good grade white pine’ lumber over a sub flost of .
heavier material, both of which are tongued ::m. grooved:
Building paper or tar paper between the two flooks .&.&v t8
preserve the upper floor from moisture effects. The sub floor
of the loft is laid either longitudinally or transversely across
the length of the loft, The upper.floor or workin g surface is
laid at an angle of 45° to the sub momwm%f_r. is. done .,.,..s_,.ﬁ,.r_ﬁ.
.most of the lines which
the floor or square to it, will not fall on 4 floof

/

joint,
; -. F

«.adopted. The relative sizes of

' 'Various forms of floor have

are laid down parallel tdithe ¢dge’af,” -
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E The E@E Loft Floor: - . :

In the airplane factories, early in the development of their
technique, it was realized that some process of fairing and
development simil’ to that of a shipyard, would have to be
a ship and plane, of course,
made the attplane loft of smaller size than that of a shipyard.
been tried, and the ideal floor for

. .mz.mr.Egm plant is still a matter of development. Early in the

~ construction of large flying boats, the lines were faired on egg-.

shell paper with a linen back. This drawing was made to a
scale of three inches to a foot, or one-quarter actual full size.
The drawings of the larger members were made to this same

" scale and of the smaller pieces to half or full size. The waste
of laying out the member twice, once on the drawing board
‘and again in the shop became evident, and a procedure of
lofting similar to that of a shipyard was instituted.

. In'the Glenn L. Martin Company, builders of the famous
trans-Pacific China Clipper, a large maple floor was con-
structed for the lay-down and fairing of ﬁm”w various members
of the plane. With the war-time expansion and the rush of
gefting out a great number of different models, the maple
floor became inadequate. An ingenious system of ‘portable
floors was adopted. These consist of plywood sheets joined
together in an area large enough to lay down the plane full
size, These are metal covered and painted, and ducks are used
to hold down the battens. They are set up on trestles and can

=k o readily removed and stored. When it becomes necessary to

refer to the lines drawn on them, they are brought into the
loft room and again placed on trestles, or even op top of an-
other floor already there. When the contract for which they

SN o P




were laid dows is finished; they may:be @Esﬁmm and F.vom for
another.
The floorof: »rm _o: is generally ﬁmﬂbwom a pearl or French

gray, capable of taking pencil lines. In some lofts, brass plates -

with a mark in their center are set in flush'with:the sur _..,Fo_@m.
the floor. When the floor is originally laid dewn; these mu_nﬂmm
are laid out very accurately with a transit and serve to form a

grid of accurate squares from which squafe r:: :_.J\ be

established atany time wanted. . SRR,

Many tools speecial to the trade are employed ﬂ,: the _o.m_m Om _.

prime _:;::_:.:. is the long wooden splines or bhatténs—
Prare. 4, Fig: 1-used for drawing the cumed lines on the
floor: T _:.i, are of spruce, white pine or fir. The best are made
ofivertical grain, Douglas: fir, which can be secured in very
long lengths. They are secured to the floor with nails on each

side of them—never through them. After the lines are dravwn -

on the floor, it often becomes necessary to transfer them to a-
template. The loftsman has invented an ingenious gadget to.
accomplish this. This tool is termed a “take-off spider” be-
cause it resembles this insect (PraTe 4, Fig. 3). This tool is’
composed of a lot of strips of flat steel about an inch wide and
an eighth thick. The ends are hooked to fit over a écc&os
batten about one inch wide by a quarter inch' thick, and ‘the

opposite end is drilled to take an eight penny nailiél'he battén :

is set over the line to be taken off, and the hookéd bars are
slipped over it, and their far ends are then nailed to the floor.
When it is desired to transfer the floor line to teniplyte: 3@&&

the batten is lifted, the wood slipped under it as L,_cis W;

Prate 4, Fig. 3, and the line marked off.

On the drafting board and'in the aircraft lofts, it s :,:wna-..
sible to nail battens to the floor and to draw the lines, Sgme
other method of holding the ?&m:ﬁ.moé& must be _.c.,h:_.ﬁ@m....

to. Large lead weights called “ducks,;” which hive a shiar- -
pened hook on one end, are provided for this operation, These

are mas ibuted io:m the batten insufficient: z::.&mmm to keep

it in position. The sharpened hook prevents movement of the

batten orspline, and the weight of the duck is large engggh to
produce the friction on-the floor or board to keep it from sl#d-
ing out of position. These ducks are shown in Prate 4, Tig. 2.
 Often on:a small di awing'board when ducks are not available,
o_i:r:v\ dregsiping can be used on the batten in the same mans
ner asnails are used f: the loft floor. Of course, this can only
_un done mn paper I out, as the pin holes will ruin a piece of
ﬁ..:.___r cloh, .

womIn the &mﬁ.r%:: nt of surfaces it is often necessary to draw
; _Em -normal’ or ‘square to the tangent of a curve. In loft
@ml&:um this is termed squaring off, and the loftsman has a
80,78 accomplish this. This tool is termed the tarigent. or
square-off square. These tools are made in the loft out of white
~pine or some hard wood and resemble a drafting tee square.
. Two small-radius arcs are drawn, and equidistant between
“thety’ centers @ and «, a perpendicular is erected (PraTE 4,
* Fig. 3 These tools are made in varying sizes for different
uses. In the aircraft lofts and on a drafting board they can be
imz made from transparent pyralin.

H: the determination of bevels on the loft floor, several sorts
of tools are employed. The familiar carpenter’s bevel gauge
is often S:E:vxi in addition to tools special to the floor. To
determine the bevel from the body plan the bevel stick or
“degree stick,” as it is sometimes called, is used. The construc-
tion of this tool is described in PraTe 8, Fig. 3. A similar tool is
used in the aircraft lofts. This is the degree board on which
the angles are laid out on the board, and all the various frame

i m@mo_.z.mm of the plane are squared to the zero degree base line.
Hrm bevel is determined by picking off the projected frame

%mogm from a body plan with dividers, and measuring: the
w@e.@_ on the board perpendicular to the base at the particular
.. %mo_sm that the bevel is to be megsured at. In some lofts




where the bevel ig'still given to the yard workmen on a hevel vider points which can be adjusted to any: dinkension desired

board, the bevel lifter (Prai 4, Fig. 5) is employed. s along a wooden bar. The size of the dimensiotitis only. limited
Thistool is construeted simili to an gvergrown carpenter’s by the length of the bar obtainable (PraTE 4, Hig 6) Tram- _

bl gauge, with the exception that it issctvertically and has 0 mels are often fitted with an attachment to allow apencil to be

. feet that leep it perpendicalin to the floon. A sliding arm wéed in one end, thus allowing them to be used as large com-
alleon thi Bage of the tdungle, oneside of which represents i passes for drawing arcs of large radius.

! it e o be inereased or decreased, A lock nut at the " As a good numbei of the templates used in shipyards are

& (i ol 46 fivadd in the stationary part, and the arm can'be . madé of, eighth-inch bass wood, and are assembled right on

A 46 presant dis moving il desired. A mark linin® up with (i the njold loft floor with tacks, the loftsman has in his kit of

{0015 steel \m:.mﬂo which he slips under the twg thicknesses of

fhies puvat et i the bop i placed on one frame lin sand the
templite wood when they are nailed together, to prevent the

wibvsten (el el s waiathiee, Liue to the fnet thiat the pivot poiit:
| | ] pe

e ety s oo spuce ahove e Hoor, the aem tnkes the nails or tacks: fuwmn entering the floor. This tool is called a .

g st bl it Detaeens e ptienb frwmien on the clincher, and is shown in Prate+4, Fig. 7. The loftsman will .

an bupd bt B gedae bt Baa el Dol alongontele the “Titer,” also have in his kit a nuber of ordinary carpenter’s tools sudn

o Voo d vane b koo v thee e aud ot o Hiee v, as a hammer, various sized steel squares, a stiff back saw for .
CHLoas H g s ety ks o aees o o frnnster o eutting the template wood, and a sharp knife. An awl or two,

ieesrenend fense e g it e To another, Feaut:  chalk and ling, steel tape and rules, complete the kit generally

v ane sl Do Wl pqueratings e vomndst ol twd di- found necessary.in mr:d::.ﬁ._ loft work.
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UL m_mB@EmJ\,_ (Geometry _ma:%o%mm on a Loft Floor

EFORE THE LINES of a hull or .m:.mm_mmo are laid down

P

full size on a mold loft floor, there are certain operations -

of preparing.the floor so that the offsets and various measuge-.

ments may be laid down. A base lirie must be m,.,___:_.v:m_,_cm. and
the stations erected square to it. Parallel lines for the water-

lines and buttocks must be drawn, and other; simple drafting:

must be done to provide the grids on:which the offsets are
spotted. Later in the work of fairingand the development,
»ther drafting operations that fhvolve simple geometric prin-
ciples are involved. We will deal with each of these as a sep-
arate problem, listed as follows and illustrated on PraTes 5
e 8,

TO DRAW A LONG STRAIGHT LINE

Often in ship work it is necessary to lay down a straight line

for two hundred or more feet. This is done by setting up

b s of wood at the two extremities of the line and stretch-
ing a pi t strong fish line or piano wire betweén them! The
" 'Wire or line is set over the points in the extremities of the line,
and care is taken so that at no point it touches the floor. At
intervals a square is set up from the floor and placed against
the wire. The point at the corner of the square is marked on
the floor and later chalk lines snapped between these points.
A variation of this in an aircraft loft is to set up smaller #V*oowm
and use a strong thread, in place of the fish line, A drafting

triangle is used in place of the squaré; and a §tee] straight edge
. is used to connect the intermédiate poitits, Where asteelawire:
is used; it is often stretehed by & small tarabuekls :’ one e,

)

*

TO“SNAP” A CHALK LINE (Prate 5, Fig. 1)

1. One of the oldest methods known to mechanics of drawing
a straight lineis that of snapping a chalk line. A nail is driven
in thgfloorat one extremity of the line. A piece of stout cord is
passed jacross o line of chalk until it becomes thoroughly
dusted. A loop in one end of the cord is slipped over the nail
and an assistant holds the cord on the other extremity of the
line: When an assistant is not on hand, an awl or another natl
may be used to secure the other end of the cord. The cord is

tightly stretched and raised above the floor at its center. The |

cord is suddenly released and allowed to snap down to the
floor; the sudden impact jars loose the chalk particles adhering
to the cord and a straight line is imprinted where it strikes. It
{is important that the cord be raised square off the floor, other-

~wise a slightly curved line is the result of its striking the floor

at an angle.

W

TO ERECT A SQUARE OR PERPENDICULAR LINE
(Prate 5, Fig. 2)

The right angle or square line is the most important of all
of our layout lines after a straight base or centerline is estab-
lished. All station lines are laid out at right angles to the base.
All of the buttock lines are drawn “square” or perpendicular

i ﬁc the base; and we find this right angle being used through-

' - ’.LT.:

.out our development work. If a large steel square or drafting

triangle is at hand it is a very simple matter to set one edge of
thisitool on our base line and draw a line along its other edge.
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“v " feet. This is the old three, four, five rule of squareness, and

If, however, our mﬁ?ffmme line must run for a lon g distance, other
means must be emiployed. At the point where we wish to erect
our perpendicular, ari arc is swept.to the right and left. These
arcs, A-B and A-C, must be of equallength: From the point of
intersection of these'arcs with the base; B and' €, two more
arcs are swept, B-D and C-E. At the point. where these arcs
cross or intersect, a line is drawn down toithe hase line where

the perpendicular line is to start (A).:We have thus bisected '

a 180° angle, and. each angle alongside our mo%m:&n._._ma line
must be 90° or a square angle. If it is desired to check ‘the
squareness of this line, a measurement of four feet is laid along
the perpendicular, three feet is laid along the base; the meas-
urement between these points in a straight line will be five

* works because five is the square root of three squared added
\ to four squared, which is the method of calculating the hypo-
- tewuse of a right triangle. Multiples of three, four or five may

beused. such as nine, twelve and fifteen, to check long per-

pendicular lines. Similarly a perpendicular can be erected
with two steel tapes. One is set at the point where the perpen-
dicular is to be erected. The other is set at some multiple of
three along the base line away from the point. Where the mul-
tiples of four and five meet when the tapes are crossed wilt be
the point where the perpendicular will pass' through.

TO BISECT AN ANGLE (Prare 5, Fig, 3)

It often becomes necessary in loft work to equally divide an
angle. This is done by a method similar, to erecting a per-

pendicular, From the apex of the mmw._m Athe arcs A-B and
A-C are drawn with an equal radius, From. the intersections

of these arcs with the lines of the angle, other arcs are swept,
B-D and C-E. A line drawn from the ititersection of these two
arcs to the apex of the angle will bisect the angle, |/

o

T t

§ TODRAW PARALLEL LINES (Prate 5; Fig. 4)

Waterlines are drawn parallel to a given base line at stated -
intervals, buttocks are drawn parallel.to the vertical center-

line. Parallel lines both straight and curved are used in many
ways in ship and aiveraft loft work. The process of drawing
parallel lines is as follows: Arcs of equal radius are struck
“from‘the line to which the desired line must be parallel. The
&m@.._:.mc that these lines must be apart is that used as*the
radius of the are, Where the lines are straight a chalk line may

be snapped tangent to the arcs. Where the lines are curved, a

spline or batten is used, and its edge is set on a series of arcs
set oft the curved line. The parallel line to a curve will find its

greatest use in taking off the thickness of planking onsa ’
wooden boat. The radius of the arcs in this case is that of the-

thickness of the wooden Em:ﬁ:@.

 TO DRAW A LAYOUT GRID (PratE 5, Fig. 5)

In ship and aircraft work where the offsets are given on
waterlines and buttocks, it is necessary, before the curves of
the profile and plan and the body plan are drawn, to prepare
a grid of square lines for the offset dimensions. A perpen-
dicular is first erected above the base line A-B-C at the point
B, which should be the centerline of the hull. At the point of
mﬁwm&mﬁ depth of the hull D on the centerline, arcs D-E and
D-F are swept equal to the half beam. The same radius (B-e
and B-f) is used to lay out the half beam on the base line. The
beam lines on the extreme right and left sides of the grid are
now drawn. The heights of the various waterlines are now laid
off on the beam lines and the centerline. These are now con-

. téeted with straight lines. The spacing of the buttocks is now

laid off on the base line and the uppermost waterline. These
.HUO.EQ connected by straight lines will give the buttock lines.

16}
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. Often on a layout floor or drafting board it becomes nedes-

The grid can be checked ¥ * Taving a diagonal line across the
intersections. of the waterlines and buttocks and, provided
that they are of eéqual spacing (as they generally are in ship
work ), the diagonal line will exactly cross every:intersection. _
When the waterlinesiand buttocks are not of the same spac-

ing, but are equally spaced in each system, the diagonal will .,

still cross every intersection. The grid for theflongitudinal rc?
out can be drawn in a similar manner, ‘using the .__.__...,H.nr:.u._..
frame for the centerline and the fore w&@ﬁm@. pérpendiculars;
in the same way that the half heams were uséd. The station 6
framespacing is

lines plan for these ordjnates,

..%C LAY OFF EQUAL DIVISIONS ON A LINE
(PraTE 5, Fig, 6)

- to divide a line of a certain fength into divisions that can-'

© " nocbe conveniently calculated so as to be measured in the s
accepted standard divisions of a foot. For instance, we wish

to divide a line thirteen feet lon g in seven equal spaces. If we
were to calculate the length of each division, we would find
that each would be one and six-sevenths of a foot in length:

Nowhere on our rule can we find inch divisions that will give .

us the desired six-sevenths. The nearest we. can_¢dme tg, this
figure is ten and twenty-nine sixty-fourths, Even t] 5,@%? ia«
were to set dividers to this figure we would find'that in the end.
there was some slight error in the spacing. To divide this
length with dividers is still a laborious method of cut and try..
The easiest method is to erect a perpendicular at one end of

the space to be divided. From this perpendicular to the other ,

d out according t6 the figures given on the &

T

i

even'be perpendicular as long as the lines from the known

" divisions to the line to be divided, are drawn parallel to the

end line. Similarly, a line of unknown length may be divided
proportionally as long as these proportions are laid down to
scale on the line of known length, and all projections made

- parallel to the end division line.

Bl

Vi LOTDRAW AN ELLIPSE (Prare 6, Fig. 1)

o Often in the course of fairing and development it becomes

ﬁ@o_@mmx&\ to produce an ellipse of certain known major and:.
minor axes, This is done by squaring the two axes to each
ather. From the intersection of the axis lines arc A is swung;

* equal to one half the major axis. Arc B is swung equal to oné

half the minor axis. Arc A is divided into any number of equal
_spaces and these, @, b and ¢, are connected to the intersection
of the axes crossing the arc B at points %, y and z. Horizontal

lines are projected from a-b-c. Vertical lines are projected
from x-y/-z. Where the horizontals and verticals from points on

.. ..,.Wrm\m_ﬁdo,wmmu.m: cross, will be a point on the perimeter of the
.... mﬁmwmmq.,_.w%.mmi:m a line through these points the ellipse is
sformed, as shown in Fig. 1. While only one quarter of the

sellipse S shown, the process is the same for every quarter.

g parabola is often used in the production of fillet shapes

s
"

A3

wwmmmﬁﬁm It is produced by dividing the height A-C and the

el

{: wA=B into a number of equal spaces, in this case four.
9F., A .
f«m.ﬂ?&& into the ordinates x-y-z, and A-C into the ordi-
lates a-b-c. Horizontal lines are projected from @, b and c.

extremity of the given distance a line of seven known spaces..  Pointd x-y-z are connected to point C by lines as shown. The

is drawn so that it will meet fhe perpendicular, From each Om
the known divisions; lines are drawn perpendicu r.: to the line
to be divided. The line at the end of the divisions need not

7 intersections of x and ¢, y and b, z and a, lie on the curve of

Hrm parabola. A line faired through these intersections will.
produce the desired line.
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IV. 1352% of Plane and Solid Omoamﬁ&w.liwﬂo.mmnmo: | 3

EFORE THE ACTUAL development of surfaces is un-
dertaken, the loftsman must-know, something of the laws
governing the procedure. The _Emmm.om..ﬁrﬁm art 18 the science of
geometry, This science was originated by the Egyptians and
brought to perfection by the Greeks under Euclid, before the

¥ Christian Era. Literally translated it means “earth measure-

ment,” as it was in this branch of engineering that it was first
employed. The student loftsman will do well to secure for

“_himself a book on plane and solid geometry and master the

l

L
Mg

“wrinciples of this science,
. ":We have seen in Chapter I how views may be projected
from one to another to show hidden sides or other features
~that are desirable to accentuate. In the art of development of
surfaces of solids and intersections of planes with these solids,
we must master the theories of projection. On PLATE 1, we
have seen how two views were projected from a commen
plan view to show the elevations of the end and, sides of an
object. By the same method of projection; it isi
show a view at any angle desired by projecting M
plan or elevation at'the desired angle.

In doin g this, we can consider that we have rotated the plan
or elevation so that the desired view comes into our ‘lige of
vision. It will be better to imagine the object rotated than te
imagine ourselves going around the object to get out different
-views. In the analysis of the steps of development or projees
tion, which we will deal with later, imagmation Will play no
small part. In reality, dealin g with the mc.b.%_mﬁo_ object; it woyld
ww a rather hard matter to turn a mr%.oa.m ane through all y:_

S

. o P
of Lines and Surfaces

u:m-% necessary for our various views, In our imagination it

[20]

“our mwmimsw is made.

isa ach:{c_% simple matter to swing a ship through any angle
which we may desire, Without imagination, we could have no
m:%:wo&:m.

The designer must picture his project in his gsmm:mmo: be-

fore he puts a single line on his drawing board. We must

imaginedines and planes in our fairing and development, and .
P g P

the m?p»@. our imagination, the easier this becomes, Picture
%o:m.movoo_,.mmu\ studies in geography without that definition
of the’equdtor being an “imaginary” line on the earth’s sur-

face. In your mind’s eye that line is as actual as if it really.

existed, and this illusion is so strong that more than:one person

i

has actually expected to see it when crossing it at sea. The

more firmly we picture our projection lines in our mind the

more readily we will grasp the theories of projection and de- -

velopment.
One of the first things that we must firmly fix in our imag-

Jination is the location of the various planes of our drawing.

The most important one and the starting point is the “plane of
the paper.” This is only an arbitrary title for this plane. It may
be the plane of the loft floor or any other medium on which
. de. It is the plane in our imagination which
we sée directly in front of us as we look at the drawing. It is
the one at right angles to our line of vision, In the explanation

' of projection which we will now take up, we will consider that

there is only one “plane of the paper,” that one in plan view
from which we have projected all the rest of our views. In
actual practice later, when we start to deal with a multitude of
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planes, we must consider that the base of any andiall of our

M:Q%m:m@:ﬁ views lies in ‘the paper @_mso. We cint see this:

readily in PraTe 1, where the two elevations, as well as the
plan view, lie in the shaded area which 'we cannow consider
as our paper plane. _

As we look at'an‘object by revolving it about an ixigat right

angles to the paper plane, we see its various sides) T we look -

directly at its longest dimension we see this dimengion in true
-length in our projected ‘elevatiéh. By looking al!its longest,

dinténgion we were looking dinectly afit; or our line of visio

was square or at 90° to ‘ﬁrm. _o.:m#c&.:mﬂ dimension awgwrm_ .

object. it
“1.& us examine (PraTte 7, Fig. 1). Here we see a light
shaded area with a round bar resting on it. The light shaded
area on this and all other examples on this sheet may be con-
‘sidered as the paper plane, and the plan view. To the right of
‘the plan is a projected view of the bar, and its true length is

...shown, The plane through the process of projection has be-
" come a line because we have turned our view 90° and are

£574 7 “looking directly at its edge P-P. At the upper end of the bar in

the plan view we can see a point marked X. ' We will nowro-

-
2y s

elevation D, Thus, elevations A and D projected at wa
angles to the sides of the object are the only true ones. _
‘Let us now consider a plane inclined at a definite angle to
the paper plane (the light shaded area in Prate 7, Fig. 2).
Here we have an example of a deliberaterangular projection.
We Naye a plam view which shows us the length of the plane
(the dark shadediaxon), we have the end elevation whereby
thé angularity of the paper plane P-P and the plane in ques-
tion: is shown. In the side-elevation, the other view of the
i plane, appears s a dark shaded area, with one edge-shown
" resting lon the paper plane P-P. With this information on
‘hand, the various points in the plane are projected to the
angular view and set up, using height X to determine its
upper edge from the paper plane, all other points being pro-
jections of the plan. _

In PraTE 7, Fig. 8, we see a plane at two @ifferent angles to
the paper plane P-P. There is nothing in the plan view that
would indicate it to be any different than Fig. 2. The end view
and the side view, however, do indicate that there is only one
edge touching the paper plane. The angular projection is
‘made in the same manner as in Fig. 2, setting up the heights of

tate the projected view around this point, whichinthe eleya- +the corners of the plane, X, Y and Z, from dimensions secured

o m

‘tions becomes the axis of rotation, X-X.

As we swing the bar in our imagination around the axis

X-X, from right to left, the length becomes foreshortened and
the diameter, which shows as a width in the plan view, be-
comeés more and more ‘evident, until elevation D is reached.
Then it becomes a circle, as we see it in its true view. We now
note some important facts. The length of the axis of rotation

has not changed, The plane of the paper has always appgared
as a straight line, because we have viewed it on edgein all®

elevations. The length of the bar has becotmie foreshortened
morg, and ‘more as the angularity of the projéction tnereased.

_ The circle of the diameter evolved from' a straight line

through varying degrees of ellipses until it-becaime a .p.&..gc...:_

LI
i

+ . from the elevations. _
: The angular planes, provided they have parallel edges will,
ammm_..&omm of how projected, form some sort of a parallelogram
in any elevation. In PratTe 7, Fig. 4, we now have a cylinder
cut at an incline and wish to make an angular projection from
this. In one elevation we see the cut as a line of the true cut.
In the elevation at right angles to this we see the cut pro-
jected as an ellipse. To produce the projections we must
“.._&ﬁ&o the circumference into a number of increments, num-
"t 'Bered 1 to 12 in the plan view. The locations of these in-
<, créments are projected to the elevation, where the cut appears
as an edge of the intersecting plane. Note here how the inter-
* "section of a plane cut through a curved solid produces the
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