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tween two' frames on’a bodyiplan,say for/instance, line €
between Frames 3 and 4 on'the body plan (Prave 8, Fig. 2).
We would first gather together our known dimensions. We
can measure the'distance C direct. Let us say, for instance,
that this is 8”. We know from other plang:on hand that the
frame spacing between these frames is 807 We know that
the line C lies parallel to the plane of the paper and is, there-
fore, “true.” " We also know that the frame station-plates are
parallel and; theiefore, the vertical distanice between them
(30”) is a line at right angles-to the paper plane. We now
have a proveén right triangle whose base is 8/ anid whose alti-
tude is 30", and with these two known figuresiwe can get the
altitade, which will be the true length of ling C. In the de-
velopment of shell plating, such a line as‘'we see on the body
plan (Prate 8, Fig. 2) would represent the edge of a plate.
. One of the essentials to the development of a shell plate is

ﬁr@ true lengths of its edges.

- 'From the foregoing process it is not very difficult to see that

the true lengths of all of the dista#les between Frames 1 and

' 6 are just a repetition of-the process of finding the _E.m:)_ be-

tween Fr. 3 and Fr. 4. In actaal practice, this is done as fol-

lows: The spacing of the Frames 1 to 6 is laid down on a- -

common base line, and ordinates erected at the frames. A H._ip

stick is bent around the desired line on the body 1.5: dxid...
marked at every frame. Thus, the distance from 6 to 5 would

be A, from 6to 4 would be A plus B, and so fofth on to Frame
1. This stick is then set against the base line, and each frame
marked off in its proper order. A line faired through the spots
on each individual frame will give us the true length of the
line between Frames 1 and 6. We can now §eée that the in-
crement between each frame forms a triangle as it did be-
tween Frames 3 and 4, which is shown outlined and L...Lon._

This is also shown on the body w_.d,_ e R

Em e [

In actual development in the loft, the line is not drawn on -
the floor.  After all of the spots are determined, a batten is
bent through the:stretchout, and the frame locations marked
and identified on this batten. When the process is completed
for both plate edges, the battens are laid away to be used in
the development later. _

Jrom the streteliout in Fig, 2, something else becomes evi-
dent. We see that the greater the length of the lines between
the frames, the greater becomes the apex angle of the tri-
angles in the stretch-out. This apex angle is closely related to
the bevel of the frame at this point, and the distance between
the frame lines can-be used to determine this angle.

We know that the angles of a right triangle are functions of
the proportion between base and altitude. A right triangle
with a one-inch base and three-inch altitude has the same in-
dentical angles as one with a mile base and three-mile alti-
tude. The angle at the apex of a series of right triangles all
with the same altitude will increase or decrease as the base
decreases, We thus see that by measuring the base we can

‘measure the angle, and if we lay out a scale in degrees instead
~of inches, we can measure the angle direct from the body

plan. .
. Thisscale in the mold loft is called a “bevel stick” or “degree
stick,” and is constructed as follows: With a protractor lay

off nmmgms? of 5°, 10° and so on up to 30°. From the cen-

woid of these momEo:? lay off the spacing between the
frames, and erect a perpendicular to the base line at this dis-
tance. Where the radians cross this perpendicular, mark off on

. a convenient stick the 5° increments, as shown on PLATE 8,

Fig: 8. These spaces are then divided into five equal spaces

to get the individual degrees. While this method of division

is not entirely correct for the individual degrees, the error is of
no serious consequence.
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~on the body plan, and for

~ frames in this direction are
closed bevel, Being closed it

DIRECTIONS

LAY OFF DISTANGE "A" TO SAME SCAI
BODY PLAN IS DRAWN, TO EQUAL THE
THE BEVEL IS DESIRED. \
. DISTANGE “B" IS THE BEVEL. IN THIS.
, _ CORRESPOND TO THE DISTANGE BETW
. ~ ON THE BODY _urpz._ o




V1. Visual m‘mmlsm : a .

HEN A LINE runs in an easy and smooth curve with
no undue humps or hollows, it is'said to be flowing or
fair. The art of drawing this sort of line is called in moft loft
parlance fairing. ¥ E‘:.:.m is accomplished in the drafting room
preliminary to the plan being sent to the loft, The lines afe
again faired in the loft to eliminate, the errors of measurement

caused by the small scale of the previous drawing, Two
o T . £ . ; .
" methods of fairing are employed, visualand geometric. Vis-

ual fairing is accomplished when the line is run pleasing to

* the designer’s eye without resort to any caleulation of the
.. line’s dimensions. Visual fairing is an art, as true as that of any
. of the great masters of painting. It is the art of Donald McKay,:

evidenced in the hull lines of his famous clipper ships; it is
the art employed by Hershoff, and<Qurgess in the design of
their cup defenders; and it is the art alive today practiced by
Phil Rhodes and many of our present-day yacht designers in
producing their creations of beauty and utility. “
seometric fairing uses the practice of employing mathe-
matically produced curves such as the ellipse and parabola to
determine just how a line should run. It is the practice’ most
used in aircraft, although many parts of the modern steamship
have their lines produced geometrically. It is becoming more
and more common in the shipbuilding industry due to the
modern demand for streamlining. It is limited mostly to the
production of body sections in aircraft, the Huamm_@m and plan
views of the fuselages and hulls being drawn to- conform to
streamline principles, pleasing to the eye. The width and
“depth dimensions of these views are used to limit the boind-
aries of the geometric curves producing the cross’sections,

" X

"
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The practice of full-size fairing on the loft floor follows
a different procedure than that on a drawing board. On the
board; the designer draws to a small scale the lines of his
finished product. In the loft the loftsman again lays down the
designer’s lines ‘and fairs them to the full size dimensions,
correcting the designer’s errors of fairing and dimension
(which often are many ), and prepares the lines for the take-
off of templates for the manufacture of the project. A good
loftsman is equally as important as a good draftsman; the
loftsman’s layout can be made more accurate, and his knowl-
edge of .development and fairing often discovers errors on
_the part of a draftsman who may not be a specialist in the one

- aparticular line of work involved in fairing.

»

[28]

* Ini.visual fairing, as applied to ship work, the designer lays
‘down the limiting dimensions.of his ship. The profile and plan
are drawn to suit the designer’s ideas and the service factors
involved. The load waterline is drawn in on the plan and a
buttock half way out between centerline and the greatest half
beam js drawn on the profile. Between these lines the ship
designer or naval architect sketches in his cross sections.
These sections are then checked to insure that the hull has
sufficient volume under her load waterline to produce the dis-
placement necessary. The lines are then further faired, more
waterlines and buttocks are run in to further limit the shape
of the sections, and the finished plan is sent to the loft to be
“faired full size on the floor. :
A similar procedure is followed by the aircraft designer.
With the plan and profile of the hull or tuselage drawn, cer-
tain sections are selected through the body which will limit
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the shape: For ‘instance, in a high-speed plane the o,oofux.
section will be made no wider than is necessary to enclose the

pilot. The forward section will be designed to enclose the
motor as much as possible, and the very rear section of the
fuselage will be faired into the trailing edge of the rudder to
produce perfect streamline flow. The body sections will be
kept as small as possible to reduce frontal area, and the out-
lines of the fuselage faired to encompass these foregoing
features. At the point of greatest section some geometric curve
will be selected which can be drawn between the greatest half
beam and the greatest depth. This curve may be in two sec-
tions, and may be different above and below the horizontal
ceriterline. As an instance of this, the fuselage shown on
Prate 14 has a circular top for most of its length and the
lower sections are elliptical: .

Where visual fairing is resorted to, it can be done on diago-
nals alone without resorting to waterlines and buttocks. This
type of fairing is illustrated in the lifehoat on PraTe 10, and
will be taken up later in this work. Diagonals are also very

~good in checking the accuracy of the layout when mathemati-

cal fairing is used, and to other good advantage in aircraft
work. All of the examples of visual fairing in this work will

be confined to the mr:.uv::%:m industry with the oxoﬁum&n of

camber curves. Most of the examples of geometric fairing will
be confined to aircraft work. N

FAIRING SHIP LINES (Prate 9)

In fairing the design lines, as explained before, the naval
architect lays down the elementary lines of the design. After
he has checked his displacement he runs in, more waterlines

“and buttocks, and after fairing his lines, he ‘sends the results

to the mold loft in the form of a drawing of the liries and a
table of the offsets. Here in the loft, the body plan, is Inid down
on the floor from the offset figures. The offsets given to the

'y

loft are the designed station figures, and not the final frame
station lines of the ship. From the body plan the half widths of
the waterlines are picked up and transferred to a set of perpen-
diculars drawn on the floor, which represent the station spac-
ing, Prior to this, the loftsman has faired his lines through the
points given for the stations in the body plan. He now bends
his batten around the spots of the waterline half breadths and
alters. the batten, wherever they appear unfair, If a point ap-
pears unfair along the batten, the nails are withdrawn at the
unfair spot and the batten allowed to assume a natural curve
between the points on either side of the unfair one. This is
repeated for every waterline until they all appear fair. The
body plan is now altered to conform to the new waterline :
points. _ .
In the plan view, the lines of the buttocks are now drawn
on the floor, and the waterlines are drawn in the profile. It can
be readily seen from Prate 9 that there is an advantage to
equally spaced waterlines and buttocks. Where space is at a
premium on the loft floor and the plan and profile are over-
lapped, these lines are coincident, and the labor of drawing

. two sets of lines is eliminated, as well as the confusion result-

ing from two sets of lines. Often the longitudinal measure-

- ments of the hull are reduced to half, thus making the curves

‘mﬁom.w@. and enabling the loftsman to spot an unfair curve

muchpasier. This method of laying down the measurements is
called “contracted fairin g”

Before the curves of the buttock lines are drawn in, the
loftsman notes the intersections of the curve of the waterline
with the straight line of the buttock. Let us take the 2-ft. line
for instance. This line is crossed close to the stem by all of the

waterlines as well as the line of the rail. In the plan view the
" same line represents the vertical view looking down on the

[80]

2:ft. buttock, just as it also represents the horizontal view of
the 2-ft. waterline looking in at the profile. We thus see that if
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the ship were cut along the 2-ft. buttock a curve similar to that
shown for'a buttock in Prate 2, would be produced. To pro-
duce this curve in profile, therefore, it is nece ssary to-project
these crossings up to the pr ofile. The heights where the but-
tocks cross the station lities in the body plan are:also set off on
the respective stations i 1 the ?:m_m Battens are now run
through these spots to ?:::,. the fairness: of the Buttock. This
process is repeated for all the buttocks, just as it was for the
waterlines.

Let us assume, for instance, that the spot.off on Station
3 for the 6-ft. buttock, as measured from the ro&\ plan, can-
not be made to fair, We would also note that the jntersection
of this buttock with the 4-ft. waterline will not exactly make a
fair curve. In this case the batten is allowed to run fair, and
Station 8 in the body plan is altered to allow the buttock to
run fair in the profile. Now we note that there appear to be
unfair spots in the waterlines in the proximity of this station,
so the 4-ft. and the 6-ft. waterlines are also altered from the
new station line in the body plan to make all lines come fair.
The dotted lines show the effect of the unfair spot in the
height of the buttock. The full lines are fair’ While this plate
only shows the forebody lines, the after lines are treated in a
similar manner. Where it is only possible to lay Qciram. the
length of the ship on the floor the overlap oﬂ the lines ?am and
aft should encompass several stations.

FAIRING BY DIAGONALS (Prare 10)

On small boats and on some types of aircraft work where
it is desired to simplify the fairing, the use of diagonals alone
is resorted to. These can be used only to adyantage where the
sections follow a more or less circular form; The designer
sketches the sections he desires in the body plan; and at ran-
dom draws diagonals that will fall more orless rorinal to all
the sections.-The endings of these ﬁramozmr in the plan are

[B2]

determined by the intersection of their heights on %a center-
line of the boat in the body plan. "The heights are projected
from the body plan to the profile, and where they meet the
slope of the ends of the boat, Emv\ are @ﬂo_moﬁo& down to the
plan.

The offsets for ther diagonals in the plan are measured
from the body plan along the rém of the diagonal. These are
now*laid out _: the plan in the same manner that waterlines
woulll be, It s often necessary to lay each diagonal off on a
separate datum to keep the diagonals from overlapping. The
body sections are altered if necessary, should the diagonals
appear unfair in any point.

FAIRING THE SHELL PLATE LINES (PraTE Ev__

The shell of a steel vessel is composed of numerous plates,
whose lengths follow the longitudinal dimensions and whose

~widths follow the girths around the vessel's beam. The longi-

tudinal joints between these plates follow in continuous lines
fore and aft, but the girth joints or butts are staggered so as to
not fall in the same frame spaces in adjoining plates. In most
systems of plating, the longitudinal seams are visible; and if
these do hot run fair the look of the vessel is spoiled. It is not
within the province of this work to go into the whole science of
platinga vessel, but the fairing of the seams will be dealt with.
““When the lines of the vessel are faired in the loft and the
finished offsets are returned to the drafting room, a wooden
scale model of the vessel’s hull is constructed. The model is
made as accurate as possible, and all station and frame lines
are drawn across it. The midship arrangement of the plating
is detérmined, and the girth of these laid off on a body plan
which is made to the same scale as the model. The run of the
plating lines are drawn on this small body plan to suit definite
rules that are in vogue for this procedure. The lines both in
the fore and aft body should be made to run just as straight as
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possible on the body plan and v:mﬁ appeat’ fair on ::, Eom&
This is accomplished as follows:

After the lines are laid in on the body plan, str : @m paper
about a quarter of an inch wide are preparéd. Sti ng from
the centerline of the ship at the keel, ‘the stationssart r:i.mm
by first marking a point on the paper strip at, _..E., denterline
and then slowly. working it around the mgtmﬁz .,_ﬂc_::m the
location of évery plate line as it is crossed., When, ) .ﬁ.r a'sheer line
of the shipon the body plan is reached, mﬁ Hum 1§ 1aid aside;
and the same thing done for another mgﬁﬁbn :i: ‘all the
stations are measured or girthed. By 'this time’ ;5 H:GE loft
will have given the drafting room the actual girths" m_eb.. the
full size body plan, for comparison with the gir mwv “obtained
from the small scale one.

The girths of the stations are obtained in the loft by driving
a series of small nails in the frame station line on the floor and

-+ stretching a steel tape around them, measuring from center-

line to the sheer. Up to this time we haveé been dealing with
molded lines. These are the lines as laid dewn on the floor,
and represent the inside of the shell plating. An examination

of the midship plating arrangement on Prate 11 willishow

how some of the plates will lie entirely away from the molded
line, due to the thickness of the inner strakes of platinge

After the paper strips representing the girth at the-yarious
stations are checked from the loft figures, the- _on;co: of the
sight edges of the plating are marked on the model, and bat-
téns are tacked to these marks with small bank pins. Any un-
fair spot in the run of the batten is adjusted, and the new girth
transferred back to the scale body plan. This is 3@?& until
all plate lines run fair to the satisfaction.af the designer. In
running the plate lines, care must be taken that,no edge will
cross a stringer or tank mar gin-at too mrmﬁu an angle. In this
case the line must be/jogged or discontinued in afair line and
jumped across the line of interference, and then continued fair

-

?og ﬂrmﬁ ;point on, As the ends of the vessel are mmﬁ..omormm
the m:i.m bBecome smaller, and itus often necessary to reduce
the width of.a strake by either &o@?:m out a plate sight edge

“altogether, or by working in another plate which will carry

~on the line for a’distance and then drop it off. This sort of plate
is termed a “stealer” in shipyard parlance.

When the model is finally faired, the dimensions of the sight
m&hmm oni convenient waterlines or buttocks is given to the
loft _d\ the drafting room, and these are again faired on the
full-size hody plan and any unfairness reported back for ad-
justment of the lines on the model, if they are serious. The

loft is now ready to begin the development of the shell plat-
ing, the procedure of which will ,Um dealt with later in this

book.

FAIRING THE BOSS PLATING (Prate 12)

A twin-screw vessel will have her propeller shafts come out

‘of the hull at some distance off her centerline. It is evident

that some method of fairing this appendage must be used.
This is accomplished by first determining the diameter of the

Y casting which will house the end of the stern tube. From the

[84]

radius of this diameter, the circle of the _uo@ﬂsm is drawn on

the body plan. A diagonal, A-B, is now drawn through the
center of this circle in such a way that it will lie as close as
possible, perpendicular to the greatest number of frames
which will encompass the bossing. The molded line of the
frames along this diagonal is laid down in the plan, and the
line from the boss casting is faired back into the shell as
shown by the line noted “Diagonal A-B on boss.” This line
should run straight as far as possible, to make the plating easy
to fabricate. The radius of this plating is now measured from
the centerline of the shaft at every frame and laid down in
the body plan. The same radius used to draw the boss circle

3
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(BC) is used to wa in the fillet to the shell, %.:é.:.,.m the arc i body plan: These are/drawn parallel to the boss diagonal A-B,

tangent to the frame line and the cirele of the bossing.

The first frame forward of the boss casting (Ir. 126) can-
not be laid down in.the body without some preliminary  fair-
ing. The aft end of the strut carrying the boss Bi.:..ﬁ_:_;c___&m”_
“hull will have to be faired to a fine edge to eliminate _:.:%onmm-_..
saty resistance; 1n other words, it must be streamlined. Half-.

way between the shell surface and the boss circle h:..zum end ,:

of the boss a diagonal Y-Y is laid down on the body plan at
right angles to the boss diagonal, A-B. The distancgs' above
and below the diagonal are picked up and set off on the frames .
in their proper order. From section X-X the ending of the boss
casting is determined and the casting is faired into the hull.
The width of the section at Fr. 126 after the boss casting has .
been faired will determine the locations of the lines on the

e

R

and are mm:.om.mpmo_ the shell and the bossing with a radius.
equal to the Boss circle xadins at Fr. 126.

Several other diagonals should be passed %&smr the boss-

. ing to make sure that the bossing is fair in all directions. ho
some instances the centerline of the shaft does not run parallel

%_” the centerline nor the base line, as the one illustrated in
vate 10 does. M this case the centers of the shaft are laid .

i y - 3 » . -
. dowt for each respective frame from dimensions picked up

in the ._Em:. and Hu_.o.m_m“ and the boss circles are drawn from

ik 5

these points in the body plan. After the boss circles are drawn,

Tk

the szm.m.wm:am is the same as has been previously described. «

The waterlines and buttocks passing through the bossing
should also be run in the plan and profile to determine their

fairness after the bossing has been faired preliminarily.

[36]

4

5






VII. Geometric Fairing - S
Vs EOMETRIC FAIRING, as was Bo%:ﬂ:mm_ in q.r.w___w.wmﬂ_.__ _ _m_n_momso of the non-rigid types. To fair this envelepe, itwould
chapter, employs curves produced by matheérid®es ., be necessary to establish only one line. This line wotld be the
rather than those whizh are run in pleasing to the eye. All half diameter or radius about the straight fore and aft center-
mathematically prodiiced curves are laid down by first con- - wline. If alkthe radii at every station were to be limited in extent

structing some sort df layout either with straight lines, arcs_of X ; by ‘this ling, the envelope would be fair without running an-

.7 éircles, or in some cases a combination of both. All curves pro-

duced by the selfsame method are said to' hlong to one
family. While the names and formulas for ‘theése various
mathematical curves are interesting to know, in this work we’

will be content with the knowledge of how they are produced. -

on the drafting hoard or the loft floor. We have seen on Plate
6 how quite a number of the geometric curves were produced.
Let us take as an instance of curve families the ellipse (Prate
6, Fig. 1). The major axis of this sort of figure could be ten
times the length of the minor axis, yet an ellipse would be
produced by the method shown. The major axis might be only

one and a half times the minor diameter, yet the figure ?.o»..
duced by the method shown would still be an elipse and
‘would belong to the ellipse family, just as the stout Willig,

“othexdine. ™
W¢ could similarly fair this same envelope in elliptical sec-
tions by establishing a symmetrical profile about the fore and
aft centerline and a symmetrical plan view. about the same
center. Thus, with the one acting as the limits of the major
axis and the other as the limits of the minor axis, the stations
would be automatically fair by producing ellipses to the limit-
ing dimensions. We could go still further by dividing the pro-
file above the fore and aft centerline and that below it into two
different curves, and produce different half ellipses above and
‘below: the line for the various sections. We could also use a
radius for the sections above the centerline and an ellipse be-
Jow it or vice versa, The possibilities of this type of fairing
arve unlimited as long as we employ the same family of curves

Smith and his thin brother John both belong to the Smith
family. R
From the foregoing we see that we can produce an Embm@
variety of curves of the same family, depending only on their
limiting or control dimensions. In the case of the ellipse the
limiting dimensions were the major angl minor axes. As a casg. -
of simple geometric fairing, let us take the case of the en- -
velope of a dirigible airship. We have to build the envelope .
as a many sided polygon for structural reasors; but were it not™"
for this the envelope could be built ¢ ﬁiﬁc&u just as it i3
) g ST [88]

*

; mo_..,‘ﬁr.m..mmgm portion of our transverse sections.
. Jhst.as we employed combinations of geometric curves for
* fairing, we could also employ a series of curves and straight
~ lines, Liet us take as an example of this type of fairing the
® Cabane on PraTe 13. The cabane is the portion between the
fuselage of an airplane and its elevated wing. Here two water-
lines are established; waterline A and waterline B. These are
- limited by the extent of the struts supporting the wing, and
the cabane must be faired around them to reduce the air re-
sistance of these struts. The waterlines are laid in to suit the

[}
.







_. n._mmmm:oa.mm&mmw mba_. good streamline flow, The _m:m?m of ..

these are detevmined from a previously drawn profile. The

stations I to VA are established to suit the conditions on the,.
plane; and the half widths of these are laid in on the body
plan as shown. Straight lines are now laid in between the .-
points picked up between the wing and the hull or fuselage. s °

The sharp corner recesses between the hull and the cabane,
and between the wing and cabane are aerodynamically bad.
That is, there are eddy currents formed in these corners which#

cause added resistance to the plane in flight, and these “can

be eliminated to a great extent by fitting fillets in F?%En& i
To do this, the extent of the fillet has to be mﬂ@.ﬁimm.wﬂ. 16
designer selects waterline A as the tangency poinf m@m . the
lower fillet, and fairs a line below the win g for the upper fillet.
Radii are now used to draw arcs tangent to the straight lines
of the cabane sides and the under side of the wing, and also to
the hull surface. The corresponding tangency points of the
fillets on the wing and hull should now:b&checked for fairness
by running lines through the ﬂm:mmdo%;wou.am on these sur-
faces. , .

In our previous example of fairing a lighter than air ship’s
envelope, we dealt entirely with a straight fore and aft center-
line. The airplane designer calls this line the “center-line of
thrust.” On Prate 14 we have an example of fairing similar to "
this, where the centerline of thrust would not run at the same
plane as the maximum width. In this case, the desigher
wanted his fuselage to run in a true strai ght line, and he made

it so when he drew the profile. H selected a true radius as
_the top of his fuselage and an ellipse¢ below. His point of

maximum width was determined to be at Station 3, and the

plan was drawn to suit this condition, Due to the fact that
the top sections are cylindrical and all are perfect circles, Hrmw.
line of maximum width is drawn in the profile as shovin by.the

dot-and-dash line. Actually, in the body ,_.E.m.s. this line was = and-dash line on the right, CF. Horizontal lines are projected
| o o do]

laid in straight between the intersection of the vertical center-
line and-the top; apd a horizqital line across Station 3 at the

+ paint of greatest width. We néw have as limiting dimensions

_the profile and the plan to work the rest of our stations from.

. The rest of the sections at the stations are produced by “conic

wao_momo?e_.pbméoéémc?ﬁwﬁowﬁ»,ﬁm@,.m‘ Hm._mﬂommwroé
 this. i wnmogyu:mr_o&. .o : .
On this plate and figure we have the arbitrary curve BD,

.. érﬁr a_g_mu_n.% half width at the centerline of thrust of BX, and
4a &o%ﬁr below the centerline of XD, Let us assume that this

is the seotion of maximum area throu gh our fuselage. At the
“tail end we have another arbitrary curve, AE, whose half

width at the centerline of thrust is AX, and whose depth is XE.:

This curve has to be of the same family as BD to use this

.~ method of fairing, which is called “Fairing by Conic Projec-

tion. »We now: divide curve BD into six equal spaces, and _mw
in the diagonals 1, I1, 111, IV and V. While we have spaced
these equally, they might have been laid in at random had
we 50 desired. S

‘We now lay in our half width BX to the right-hand side of
our vertical centerline, XD. We do likewise with the half

. width AX. From each point we draw the straight line DB on

~theright,and EA likewise. Let us now to proceed to develop
“the intermediate sections. From the points where the diago-
“nals crossed our line BD we project horizontal lines to the
right until they intersect the straight dot-and-dash line, DB.
These intersections are at points a, b, ¢, d and e. From these
infersections straight lines are drawn to point X. The half
width of any intermediate section is laid in as XC to the right
and CX to the left. The depth is laid in as XF. To the right the

dot-and-dash line is laid in as FC.
“ii: Where the radians from points of intersection of the diago-

-nals on line BD were projected to point X, intersect the dot-
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across to the left again, and where they cross the original
diagonals at points f, ¢, h, i and i will be the new line. To

further clarify this, let us take diagonal III as an example. .

The intersection with BD is projected across to the straight
line DB at ¢, and thence up to X. Where it crosses FC on the
right it is projected back horizontally until it meets diagonal

I again at h. All of the directions of the projection series are

shown by arrow heads on the drawing. o
Another way of _ic_.co:.:m sections is called :Hﬂ::._._,_m_.v%

Triangulation” (Prate 6, Fig. 8). Here wé have a curve AC, -

whose limiting dimensions are the distances AB and BC. The!
distance BD is laid above the line BC as shown, equal to the'

length of AB. The horizontal lines a-b, ¢-d and e-f are laid out *

perpendicular to AB, either equally spaced or at random, as
desired. The intersections of these lines with the parent curve

'AC are projected upward to the line CD. Any curve may be,

generated from this parent by r&;:m out a new width BE'

B e o

the tail end has héen given a w:urﬂ rake forward. This neces.-
sitates anotherline bein g faired for the knuckle. The after sec-
Jtons are thus given a slight.rake inboard, due*to the non-
- alignment of chine and knuckle. If both of these, lines were
goincident the aft sections between' the chine and knuckle

-would be vertical and the sternpost at the tail would be per-

.. pendicular to the base. |
~ Theforward sections of this float and those aft of the step

.-on the bottoni all havg the same angularity to the base line.

To draw the chine line forward, the half width of the chine is
Aormed by the angularity of the bottom of the float projected
outward until it intersects the arc of the deck. To draw the
-angularity is projected outward and the projection of the
chine half width laid down on these lines at the various sta-
tions. All the angularities are of course projected outward
from the centerline, at their proper heights above the base
lipé. These intersections of the chine projected back to the

Another line which is shown dotted i3 carried up to point DAY * profile will give the shape of this line in that view.

from the new point E, The intersecting points on the line CD

are now projected across rod.mouamzv\ until they meet the new
dotted line. Projections down from these points to the former
horizontal lines will give the points on the new curve. This.
method of m:.idm can only be used where the distance AB will"
remain constant throughout the extent of the body. to be
faired. It will find most favor in fairing fillets, which hdve one
limiting dimension constant and the other varying, = .
The seaplane float generally offers another good: exaniple of
geometric fairing. Prate 15 shows two good examples of this
sort. Fig. 1 of this plate shows a small float whose deck has a

constant circular section throughout its *m.ﬁﬁr._ The tail ofghe

float aft of the step has been streamlined*hy simply cutting off

line. This is done by fairing the chine line aft of the step either

visually or geometrically. To enhance the. appearance only, #*

..\.m Fig.:2 of Prate 15 shows a more complicated float. While
that shown in F ig. 1 could be built from flat sheet stock with-
out any hammering, the one shown in Fig. 2 would entail
hammered or arE:vm&: Em:.:m, as it is referred to in an air-
craft factory, This float has been designed around a prede-
termined profile and plan view. The forward bottom is faired
by a phafitom fairing line which has been laid down on the
line of ‘maximum beam. As the bottom angle varies through-
out %@. length, the mm:.z.sm line provides a r.Eh.:.sm dimension
to Em..m_u.mh.mrﬁ rise of the bottom. The flam inboard of the
chine'is faired by using a true radius, much in the manner of

< afillet. The bottom aft is faired from the keel rise to the half

*
i

.

width of the chine, as was done in the float in Fig. 1. As all the
sectiotis through the float at any point have a true radius to
‘the deck, these radii are limited by the half width of the chine
a8 shown in the plan. _

-
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