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the shop used the small-scale drawings i1 bad to interprec them
o the basis of full scale before making the required forms,
assemblies, fixtores, and othee aids nsed in the construction of
the various parts and sections of the airplane. Various indi-
viduals would be liable (o interpret the small-scale drawings
differently. especially in the case of a faired line having double
curvatire,

4. The lofting methad of presemting a full-size layout of
an airplane eliminates many of the dilficallies encountered in
the shop, aml reduces 1o a great extent the number of englieer-
ing drawings necessary in the small-scale drafting methods,

Another recopnized advantage of lofting s that ol acquaint-
ing the engineering groups move divectly with the proldems and
procedures ol the shop.  This especially applies to engincers
and draftsmen wlho have led no S]]Ulj EL\pl:‘rJ'E‘nE{'. such ac{]uain—
tance hetween the engincering groups and the shop groups
fosters  closer relationship and cooperation, which results in
speedier and better production. At the zame time the engmeer-
ing and drafting groups lear nueh about lofting shop practice.

5. Lofting not only relieves the engineering and drafring
groups of the necessity of malking a great many detazl drawings,
Tt relieves the shop groups of the necessity aof interpretng
auch drawings to full size for construction purposes. The loft-
ing method is also used 1o advantage in the making of tenplets
far readily constructing moark-nps, which usually are full-size
three-dimensional models of parts and sections ol the airplanc,

ORGANIZATION AND CONSTRUCTION

6. Typical Organization of Loft—While the organizations
af various lofts differ in some respects, the organization of a
loft in o typical case is composed of four general groups.  These
are known as the lines group, the templet lavout group, the
reswork LTOMI, and the i]IS]JL‘-':t‘iUI'I i, The linez Froup s
the actual lofting and laying down of lines,  The temiplet group
works (rom the lines woed from engineering detail prints to pro-
duce flat patterns of parts to be formed by the shop. The
rework group leeps all templets abreast of the changes in the

o~

USE OF THE LOFET 3

engineering prints, and of new metheds of fabrication developed
by, the shop. The inspection group inspects all templeis 1hat
are made by the templet layout gronap and the templets that have
been changed by the rework group.

¥. Construction of Lofts—Il.ofts in the aircralt industry
are of various tvpes of construction.  The lodit floor mav he
constructed on or form the Avor of the loft building, or it may
ke elevated above the floar of the building, in which case it
beeomes & loft platiorm or table. The tops of the loft patteras
or tables may be at different distanees abeve the door of the loft
building. Each aireralt company construets its leit in the way
that 1t believes 15 mpst sattable for s parposes,

8. In the (st Lype of construction, the lolt loor may Te
made of scraight and vertical-grain spruce flooring, tongued and
grooved, and laid over a substantial haze. It must be carefully
amml rigidly comstructed in order to avoll shrinkage or warpage
due to changing moisture content, which would distort the lines
upeny it A size that has been found convenient for aireraft use
is 200 60 feet, and if likely to be moved at any thine duriop its
useful life. the floor should be made in three sections and bolted
together. A heavy suh-floor should first he laid, on a frame at
least 6 inches thick, the floor planks mmning on the diagonal.
The frame may he placed directly on the floor of the building.
The frame and the sub-loos may be given bwo coats of paint
ta avoid absorption of modsture; this shoulkl be done before the
main fleor is laid.

9. The working floor may be made oi l-inch hoards,
prefecably about 4 inches wide. It is desirable that the hoards
he as wide as possible without wargung, in orider to reduee the
number of eracks between them.  This floor mav be laid on the
dliagomal, the boards mmning at 90 deprees o the planks of the
sub-floor.  This will avoid confusiom between the cracks and
verbical station lives thal wmay later be lanl off on the {loor.
Adter laying, any imperfections should be filled with plastic
wood, and the floor thoroughly sanded by machine.
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10, The floor fnish must be durable, am] the surface way
e feft slightly grivty in order (o give enough tooth to take the
limes well. This can best be obtained by painting e floor with
at [east three eoats of carbon black lead paint to which a Tiecle
pumice Las heen added.

11. Typical Loft Tables— I'he oft tables shown in Fig, 1
are of the kmg and narrow type, which can be used enly for
long and nzrrow layouts made directly on the surface of the top
of the table, as o, or on metal sheets, as & The lolt tables
shown in Ihg, 2 are of the square e and, becanse of their
greater strface arca, they can be used for large layouts, such
as @, or o number of small layouts, as &, e, amd @, lach tvpe
of table st bave a solid and Jevel top supported by a rigid
understrueture.

12. Typical Loft Floor.—A portion of a typical loit Moor,
together with a number of tools used in layving ofl lines, 15 shown
in Fig. 3, In this case the loft hoards are all scparate pancls,
as 1, made of plymetal § meh thick, "The tops of the panels are
coated with white or any light-tinted paint, on which penciled
or seribed Iines will show clearly,  Floles are drilled and eounter-
zunk in the panels, which are screwed to metlal strips fastened
L the top of g woeden base,  The panels sre adjustable and so
arranged that any panel can be taken our and ancther panel put
i its place, without disturbing the alinement of the panels or
the lines seribed on them,

LOFT APPARATUE AND TOODLS

13. Purpose of Apparatus and Tools.—The loftsman must
have at his disposal apparatus and teols for the purpose of
accuralely comstructing horizontal, perpendicular, parallel, or
curved hnes, as well as lines at any prescribed angle 1o one
another,  Some of the tools and apparatus arve shown in Fig, 3.

14. Scales and Protractors.—Stecl seales, such as B oand ¢,
P, 3. may be of various convenient lenglhs, as 1, 2, 3, and 4
feet. They may he graduated in & and thz ek on one side
atl , ad Yy odneh om the other side sooas to accommodate
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vange of 180 degrees, and s vsed in lavimg o angles,  There

virions measurements,  The protractor, as o

seliccoid mstrwment gracdaaied ndegrrees, pener

are many fvpes of protractors, smoe of which are metal a:l
have adjustable anus vr Dades pivoted at a cener poind at the
ool the desree seale, The short end oF the Blade may be set
ab any degree on the 180-degree are, and the Iz ewnd of o

Tlade wsen] i Taying off the requived angle,

15. Ducks, Splines, and Curves. Weirlics of varions sizes
arel shapes, such as e, Fig, 3, koown as docks, are vaeally ale

of lead amd are provided with @ bent wire the point of which
At dntp aogroove ioa spline. The weight of the doucle and the
point of the wire G the grocee hold the spline in the required
position, A spline is o flexible strip of suitalle waterial soch as
won], mretal, eellulose, pyraling or plexiglas, which can he curved
o Do faires] loes,  =plines are of various lengths, as shown
at [ and g

16, lrregular curves, cocmmonly called French curves, may
alsa be made of any suitable material, and in a variety of shapes
covering i wide range of curves. Some of these French curves
are shown at b, Figo 30 They are vl for drawing shorter

curves than fhose Grawn Ly means of the spline.

17. Trammels, Straightedges, and Pantographs.—Trum-
wiel: sre uzed for meazuring distances oo great for the ordinary
dividers,  They sy he of differens lengths, as shown by @ oanld

£ Figs 30 The trammel consists privcipally of @ lar, vsmlly
nide of wood, on which are finted two <teel points that are
adjustable along the bar. The trammel points may le ased 4o
pick up o divension, ercet a perpewlicular, or serile o Tarme
are or cirele,

18, Breaightedies for drawing stoaight lines mav e of
varions Tengths and types, as shown at & and 4, Fiee 30 The
tne shown at 35 a heavy straightedge that is provided with
twa Teslaped Tandles for Tifting and careving Q0 Do plaes g
place,  The straightedge iz also wsed as a lase for triangles m
erecting perpedicular lines or angles,
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19. A pantogragh, & type of which is shown at m, Fig. 3,
is o duplicating device that will trace the outline of a given
chject to any desined seale, oler larger or smaller. There are
various types of pantographs, but the principles are the same in

all of them,

20, Miscellaneous Small Tools.—Viurious small Tafting
tucls are shown o Fig 40 Lead pencils, as a, way be of varions
degrees of Lardaess for drawing lines, A 310 may be used
for laving out constouction lines and a 2-11 for lettering, sketcli-
g, or detadling, A zoft Wlack or colored pencil ods vsed to
mithe broad markings on a Javout. A sleel seriber ¢ is & painted
tool wsed to seribe, or draw, in lines and Jayouts on various sur-
baces.

21, A ruler o i used [or drawing shoel scraight lines,
Spring dividers e Fig, 4 Tave o aeres arrangement 1hat accn-
tately spaces the lews for exacl cweasurements.  Dividers are

niten esed for teansfers 4 st from 3 seale to 4 Ly ot
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This operation, known as picking up o messurement, has eertain
advantages, as follows: The measurement can be unsed more
than once ; the possibility of error is reduced ; and the need of
using a scale and scriber repeatedly’ for the same dimension is
elinnnated.

22, A magnifying glass f, Fig. 4, enlarges the graduations
ot a scale as an aid for accurate measuring, 1t s used with a
seriber ad scale to pick up accurately a dimension with dividers.
A stee]l scale holder, to which the seale is clammped at an angle
of 60 degrees with the surface of the layout board, facilitates
the reading of the graduations of the scale at the line of contact
with the layout sheet or board. A trammel 7 has been previously

ansfo
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descriled.  The trammel takes the place of the dividers when
long measurements are concerned. A slide rule 4 is composed
of a series of specially constructed scales, one of which is
movable, arranged side by side. Tt is a means of saving time
and labor when problems invalve multiplication, division, or
lll'ﬂl.'ll.'l'l't]l}n.

23. Speeial Tools.—The banjo shown in Fig, 5 is a device
that may be used for transferring a curve from rne Tocation to
another. The type illustrated eonsists of a batten a connected
at intervals to a stiff straightedge b by adjustable sliders e,
tastened to the batten by pins, as d, and to the straightedge by
thumbnuts, as ¢. The hatten a is pulled to the cottour of the
curve to be transferred by means of the adjustable sliders o,
and is held to the contour by tightening the thumbnuts ¢, “I'hen
the apparatus is moved to the location to which the curve is to
be transferred and the curve is drawn in by a peneil rum alomg
the contour edge of the batten,
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24, Another type of banjo, shown in Fig. 6, is made by
| eonnecting a number of short sticks, as a, by means of ping b
to & batten ¢, the sticks being placed at intervals. The batten ¢
iz bent to follow a curved line on the loft Aoor, such as an outline
of & bulkhead, or transverse partition, and held in place by
nailing the other ends of the sticks to the floor d while the line
is transferred to a board ¢ slipped under the batten.

25, Take-Off Sticks.—Sticks or battens, about 1 inch
souare and known as “ake-off” sticks, are used in transferring
points from one view to another, and sometimes for preserving
offscts, or meastremenis, when it s not desirable to draw the
body, or transverse-section, plan.  The four surfnces of the
heitten are used in continuous rotation to mark off the height
from the base ling to significant points on a body plan,  One
aticl iz nged for ench cross-section and marks on it are accom-
panicd by a notation describing it in a definite way, For
instance, if a hull is the body being lofted, each take-off stick will
be numbered 1o correspond to the bulkhead or section to which

Fra, &
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it applies, and successive marks on it will be designated “keel,”
“keelson No. 1, “keelson No. 2," “chine,” “longitodinal No, 1,"
etc,, denoting the intersection of these members with the section
under consideration, A set of sticks wall then contaim sufficient
informiation for laying off the body plan later, without its being
necessary to determine each point by scaling and reference to
a tahle of offscts.

26. A keel is either an external or internal longitudinal
member in the center of the bottom of a float ar hall. A keelson
is an internal longitudinal member in the bottom of a float or
hll, to which the keel is attached ; or it may he the keel itself,
in which case it is known as the center vertical keel. A chine
is the intersection of the sides with the bottom or the deck of
a hull. A longitudinal member, also known as & sister keelson,
is approximately parallel 1o the keelson and is {or the purpose
of supporting the bottom between the keel and the chine,

27. Wire Adjuster.—\When a straight line that is longer
than can be drawn with the longest available straightedge is

USE OF THE LOFT 1
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required, a sufficient length of wire held at each end by a wire
adjuster, stich as that shown in Fig, 7, 15 vsed.

The wire adjuster consists of a base @ on which is mounted a
movable frame b which is alined by means of setscrews, as ¢,
operating in lugs, as o, and turned by a wrench e.  Extending
through a thick flange [ is the threaded part of a rod g, which
engapges @ handwheel i, Near the end of the unthreaded part
of the rod is a notch § into which fits & clamping picce j. A
hole large enough for the wire extends through the flange &
and the full length of the rod. The collar { 15 moved along the
rod and over the clamping picee, which holds the wire securely
when the setserew in the collar is tightened on the piece.

28. Platform for Wire Adjuster.—The wire adjuster is
fastened to a platform m, Mg, & by two clamps #. The platform
is instened by screws, as o, to supporting boards underneath it
The supporting boards are widened where they extend under
the overhanging edge of the top p ol the table, and are secured
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Lo the top by means of clamps g, A wire adjuster with its sup-
porting platiorm is ftted at each end of the table,

20, Threading and Stretching Wire.—The method of
threading and stretching the wire is shown in Fig. 8. The wire
@ is first threaded through the hole in the flange & and then
through the hole in the rod ¢ It 1= pulled a short distance
beyond the handwheel d, and then secured by turning the set-
serew in the collar f. The setscrew presses tiphtly against the
top of the clamping piece, previously described. The pressure
of the damping piece against the wire prevents the wire irom
slipping.  When the handwheel is turned the wire is stretched
taut, as shown in Fig, 9,

30. Projecting and Checking Points.—The method of pro-
jecting points from the wire to the surface of the layout hoatd,
or table, is shown in Fig, 10, The end of a flat metal block a
is placed squarely on top of the layout beoard & and moved
until the square edge of the bloek contacts the wire ¢, which, in
this case, is about 1 inch above the top of layout board, through-
out its whole length. Then points are marked on the board
with a flat-pointed pencil d, at convenient intervals along the
wire,

31, After the points have been spotted, they are checked
as shown in Fig. 11. In checking the projected points the
wide head of a try-square o is set flat on the layout board b and
the edge of the blade of the square is placed in contact with the
wire ¢, which must not be deflected.  Then by means of a very
hard and sharp pencil, or a scriber d, the points projected from
the wire to the layout board are checked for accuracy. These
points are later connected by a straightedge,

32. Determining Points for Long Straight Line.—One
method of determining points for drawing a long straight line
is shown in Fig. 12, A piece of music wire a is stretched very
taut § inch above the surface of the lofting table, The Inftaman
moves the head of a combination-square & into contact with the
wire. A magnifying glass ¢ is used to find the exact point of
contact. Then a mark is made on the surface of the Infting

www.plangforu.com #
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table with a pencil or seriber d, held against the front of 111&
base of the combination-square. The combination-square 3s
moved at convenient intervals along the surface of the table and
a mark is made at each point. After a sufficient number of
marks have been made, a straiphtedge iz used to draw a line
connecting the marks. The line must be checked and rechecked,
Lecause it is difficult to ascertain just where the square makes
contact without deflecting the wire.

33, Mouse Used in Loft.—To overcome the uncertainty in
determining points for a long straight line as taken from a
| stretched wire, a deviee called a “mouse” has been developerd.
The mouse, which is shown in the three views indicated in Fig.
13, cemsists of a small flashlight battery a and a bulb & housed
in a wooden body ¢, roughly resembling the shape of a mouse,
whenee it receives its name. The mouse is placed at approx:-
mately 90 degrees to the stretched wire and close to it, and the
necessary adjustment is made by moving a metal slide d te_rmi—
nating in an arc-shaped lip ¢, Insulated wires T and g lead from
the battery and the light socket to a binding post /i set in the
lip ¢, and are insulated from each other and from the 1JE1|(]E.115:
post,  One of the wires, or lemds, however, 1s in contact with
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a copper washor © throngh which contact & oeele with o fecler
wire [ oor wlisker, attached oo the other Teald,  Anv pressure
agrinst the feeler wire forees it agamst the copper washer, com-
pleting the cirewil, thereby causing the bulb 1o light,

34, The slide o, Tig. 13, is held in position by the slide
re‘.ﬂiuillg serews &, which are Zastened to the wooden Toee of
the mouse.  One end of a shde-returm spring [ is attached to the
uptrned flange moat the veer end of the slide, while the oller
enel of the spring is attached to a metal support «, the ends of
which are imbecdded i the wooden sides of the mouse,

35, Anadjusting serew o, Fig, 13, passes hroagh a threaded

Tishing Gried in the rear end of the wooden monse =0 that it may
Le freely turned,  The point of the screw hears agains: the fange
of the alide, and as the serew 3= tumed 1o the right by means of
its kenurled hew!, the slide s moved -forwasd oue of the nonse
and the spring is compressed, As the serew is tomned to the
left, releasing the spring, the pressere of the spring against the
Mange causes the shide to meve ok nto the mouse,

36. Procedure in Using Mouse. The procedure in nsing
the menase is shewn in Figs 11 A Inframan rigs a wive o appmoxi-
mately eme-hall incl above the surface of the loft table. The
st fods then placed appresimatels ninety degress with the
wire and with the fecler ¢ close to the wire.  The adjusting

USE OF TH
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serew o ds turned imtil the feeler is deflected by the wire, which
s very tant, and the point of the feeler contacts the enppes
wisher e, thus closing the cirenit througly the lesds, Duttery, and
sockel previomsly deseribed, and eavsing the Jight to glow in
thies Tnzlly f,

37, The adjusting serew o, Fig. 14, is then backed off just to
the point where eontacl hetween the fecler and the washer i
broden and the light in the Lulh goes our. The loftsman then
litiows that he is in contact with the wire but is oot deflecting it
andl he scribes o ark at the point of the lip g of the slide on the
loit table, The process is vepeated along the wire as often ws 3s
necessary o Ej"r'l:'. a series of it ints that may be commected by a
straighiedye, . :

38. Roller Type of Straightedge. The straightodge vzed
for connecting the serics of points projected from the wire, way
Lie oof the ardinary flatsteel tepe, or it may he of a heavy cast
structural roller pype, ss shown i Fige 150 The framework

UsLE OF THE LOFT 21
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comsists of two longitudinals @ and & the latter of which is the
straighitedpe, wnd s beveled sooas to facilifate the drawing or
seribing of a line,  These Imgitueinals are connected aned made
very tiwid by means of a truss stroctnre © hebween thenl, Since

thiz tvpe of straigliedpe 1= very heavy it is provided with a
device, as d, one near each en:d of the structure, for raising it
from the talde so that it may be moved by means of rollers
underneath the raising device,

39. Raising and Lowering Device. The raising ard low-
ering device with which the structural-type strajghtedge s pro-
vided is shown in Fie, 16, The device iz mounted on oo flangeld
hridge o, which is holted to the longitndinals B and ¢ On top
of the Bridize s 2 nwvable Dase Dlock d, Fastenad to each end
of 1le base block is a rod ¢, one el of which is connected oo

set of swivel rollers |, One end of the operating loever g i pro

vidled with & e arrangenment &, which actuates o rod 1 on a
trunmion f. When the lever g is pushed down loward the
bevelod straighterdwe longitdinal & the rollers f are raised from
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the top of 1he table &, and the strocture s Iowered until it eon-
tacts the surface ol the table,

4. The cam arrangement is shown 0 grrearer deizil in
Fig, 17, Thiz view shows that there are two cams fy and o,
between which 15 Inovsed the actoated eod § oon the troemion JI._
previemsly descrilod, When the lever 15 pushed down and away
frn the straiphtedes mginadinal B the cuns depress the
movalde lase Block i, which in turmn (]g—||:'r_--=-_;q_'-5 ihe rollers ‘I' o
that they cortact the Qoo &, thereby raising the soracterl frame-
work fron: the Goor,

=inee the framework 45 now supported
by the rollers it may be noved to another Jocation on the alile,

41, Straightedge in Position for Drawing Lime. Wheu
e straightedge is positons], as shown in Fig 18 alng the
points already wecked o the Invout boand o (able, the Tever o
i= prashed don e the Toflsman fa divection away (eo him,
This lowers the siretaral froovework & oso e e heveled pal
c ool the siraighredge contacts the lavout bosrd exactly at e
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mrked points. Then the Tt s azses aopevedl o i connecting
all the points e o stradghe line,

42, Apparatus for Laying Out Grid Lines,
erid lines is 2lwown o e, 10,

A !:._rnnl of
The grid lines arve w=mdly Tl
oul i S-nech squares, but may o some cases be Taid oone o 10-
wch or even 20-nch squares, depending on the requirenents
However, a grid composed of S-ach squares s
comsicered in this case. 2 may he drawn or
seribed Ty means of o metal seriber run along an ordinary
strpightedge fixed ar points 3 inches apars around the edges &
i oaogrid beard, When the points are conpected  with lines

serilned crosswise, the souares are formed.

of the Tayone.

Tl wrud Tioes, as

43, The gris! lines are Taid out more acenrately in squares

Tev vsing o special jig seribie @

aritns, arcurde 1o a ['Ill'l'.';'l'-l-'l.'
of L 005 inche This appecrates, s shown i File, 200 consists of
iometal stradghtedge @, which is fastened at fie ends by pins &
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SERBARRERRRE

sel it holes spaeed on 5-incl centers alomg the edges of the
laveut hoard . Set g slot @ rooing almost the lengih ol the
frame af the apparatus is a tool ¢ Gied with rellers foso that
it iy e moved along i track g included in the framework. One
flat side of the tool iz guided by the inzide of the track, amd the
other flat side 15 puided by the nside of the straightedge. The
seribing end S oof the tool bas o diamond point which contacts
e painted metal sheet and, as the tool 15 moved along the track,
the diamend point makes a sharp distinet line an the suriace
of the sheet. The handhole ¢ in the frame is used for lifting
and moving the apparatus from place to place, since it wmst be
goverd and hxed at each set of holes as each line 15 seribed.
When all of e requived lines have been scribed across the
metal sheet in one dircetion, the apparatus must be posttione!
for serlnnge similar lines across the sheet o the other dircction,
thus completing 1he S-inch squares of the grid,

44, Another type of apparatus for seribing grid lines on a
mietal layvoul sheet is shown in Tig. 21, in which steel seribers,
as @, having sharp points exactly 3 inches apart, are fixed moa
Tead 1, wlach TNERY be of word, Cmule rads ¢, which run
throtgh the head, are e sane distance apart and at the saone
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height aliove the Toft tlde, throughout their Teneth, They are
wgidly secured at their ennds to g frameworls, which s Gusiene]
i the corvect position on top of the table, Crozshare o meCng
thee eds of the rods keep the rods uniformly spaced. The Tew!
is shid along 1he gnide rods, and the ponts of G seribers, all
of which are v contact with the grid beard, simultanecnsly
seribe all the lines correetly spaced {0 one direction,  Then the
apparatus is shifted and fxed o place for scribing the lines in
the other divection.  The sdvantage of this apparatus is th
vmly two movements of the head alomg the guide bars are neves-
sary Lo complete the geud.

LOFT LAYOUTS

PARTS OF AIRCRAFT

45, Tntreduction.—An aircraft is any weightcarrving
device o structure desigred to be supported by air, either lw
dynamic sction or by woyancy.  For exaple, an airplane is
a mechanically driven aiverait, heavier than air, fitted with Axed
wings, and supported by the dynamic action of ihe air, A sea-
plane is any airplane designed 1o tise from and alight on the
water. This general term applies to both hoat and float tvpes,
tumgh the boar tpe is usually designated as a flyving boat. A
flyimg Teat is a form of seaplane supported, when resting on
the surtace of the waler, by a hull or hulls providing flocation
n addition to serving as fuselages. For the single Lull Ly,
lateral stability is usually provided by wing-tip Qeats,

A toat is a cotnpleiely enclosed, water tipht structure attached
to an aireraft in order w0 give it biovancy and stalality when
i contact with the surface of the water.  Tn fAoge seaplanes the
crew is carried in a fuselage or nacelle separate from the Aoac

46. Principal Outer Paris of Airplane—The princigsl
outer parts of a typical airplane are shewn in Fig, 22, They are
the Tuselage, wings, nacelles, and empennage, Fach of these
mEjor parts has cerlain appendages, amd the functions ol the
parts and their sppendages are bricfly deseribed,

47. Fuselage.—The fuslage a, Fig, 22, s the hody strieture,
of approximately streamline shape. At the forwand end 15 the



8 USE - OF TITE TLPFT

2

fuselage nose b, At the after end of the fuselage = the 1ail cone,
which 35 1001 seen in the illustration,  The enclosure ¢ is for the
pilots ; the tureet o s tor the navigator; and the turret ¢ s for
a gunner.  Attached to the fuselsge are the wings . The part g
Between the fuselage and the wings is known as the wing filler,
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48, Wings—The forward edge &, Fig 22, of the wings is
Kupwn as the leading edge and the after edge { as the trailing
cdge. The ends j of the wings are known as wing tps. Along
the trailing edpe are the wlorons &, which arve hinged or pivoted
movable parts to impress a rolling moment on the airplane. The
adleron tabs { whoch ave set o the ailerons, are for the s
of contzulling the position of the ailerons.

49, In the cutwway seetion of one wng, Mg 22, is down
ang of the wing faps s Wing flaps are movable surfaces con-
nected to the rear portion of the wings, generally inhoard of
the ailerons,  They are conmecter to the wings either by e
of o hinge, a shde track, or both. The fdap surface is moved
down or back, and ocensionally both down and back, to ereate
added lite and deag when the aivplane is being landed.

S0 Nacelles—Attached to each of the wings, Fig, 22, are
the nacelles » and o, which enclose the power plants.  The
cowling # is the part of the nacelles that encloses the weturs,
The spinners ¢ are of approsimately conical or paraboloidal
form. They are fitted coaxially with the propeller boss and
revelve with the propellers,

3l. Empennage.—The @il group of the airplane, known
a5 the empennage, consists of the rodder, elevarors, stabilizers,
amid vertical fin, The rudder », Fig, 22, 95 a movalle airfoil, or
streamline bodly, the function of which is to impress a yawing,
of silewise, moment on the airerall i normal Aight, The -
der is Otted with a mudder-tab 5, By changing the angular
setting of the tab, the pilot can adjost the position of the ruedder.
The vertical O ¢, to which the mdder is higed, 15 attached to

¥. The elevators w are
movable auxiliary atefodls, the function of which is to IS
a piteling mnment on the aiveraft. The elevators are ficced with
elevator tabs, as oo By changing the angular setting af the tahs,
the pilen cin adjust the position of the elevators, The stabilizers
airy oo which the elevatoes e hinged, are pormally fixed airfoils
the lunetion of which is to lessen the pichiog motion of e -
plane.

the luselage m order to secure stability
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52, Principal Inner Parts of Airplane. The inside of an

airplane s osoally constructed of ownerons parts, Oialy the,

principal structural parts of the Tuselage, wings, stbilizers, and
raidider, arve shown s the cutaway sections in Fig, 22,

53, The interior of a fuselage may he of the truss, mone-
enne, or semi-micoengne pe of construction. The tross tvpe
of comstiaclin s composed of varions members, such as tubes
or other structural chapes, unilized as braces, Tooall variations
of this tepe, the members of primary steength are e longerons,
which are usually continnons fore-and-aft from the engine o
t the radder post. The longerens, usually four o oomber, are
separated i1 both the vestieal ad hiorizonal plancs by strits,
and maintaived sgil by dingonal te-rod or strut hracing,

54, The sonocongue, or stressed skin, 1vpe of comstruction
coltzists of ribs, frames. heltfeames, or Inlkheads, but Listtally
without Jongitading] wembers other than the shell, or ckin,
itsell. The shell is designed o take the primary stresses. the
frames aned bulkheads resisting local deformation and distributing
cottcentrated louds,

S5 The primary difference between e semi-monocoque
type of construction and the momeeoque type 35 that, in e
setti-tmecoie vpe, longerons  take the  bemdiog siresses,

11'-‘!‘-'i'1;.{ the shell to take l.-[ll._'l' the nl.-:ariu!_; slresses,

56, Seme fusclages are constencted partby of the truss aml
menecoue types  others are constructed partly of the trass and
sefti-wmoconue types; and sl others may enlody all three
types of construction. The feselages or Talls of almose all
large atrploes and Aviog boats are composed principally of
talkheads and stringers,

57, The prncipal structural parts of the fuselaze showa
in Fig, 22 are the bulkbead r, eross-hatched for clarity @ the Delt
Mraunies, ¢ v: oand the stringers. as 20 Over e Tramework
formieed Dy Bdkbeseds, Dele Priones, sl stringers 35 the skio, o
pietal coveriig oy, of e iselage.

S
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58, The priveipal =truetural parts of the wings are the
il Iy, Fige 22, which are transverse sections | and e heams,
or spars o, wlich are the longiseding] scetioms,  The skin, or
vovering, of the wing is attached to the franeworle composed of
these sections.  “I'he principal structural parts of the stabilizes
are the ribs, as dy, amd the beams. as ¢;. The rilis and beans
support the covering of the stabilizer,  The nternal structure of
e mdeder s composed of rils, as Ty, and Leaces, ws 1. The rilis
and Leams meoall of the structirves ace provided with lightening
holes Jep sed 0 20 as 1o redhee Hheie weight,

59, Principal Quter Parts of Seaplane. The principal
cuter parts of a tepical seapline are shown o Fie, 23, The
l-t1.=-l."|i—15_;-:' a, '-\'ing:. fonacelle o, ad cmpennage o are in l“[“"'i'.'l"

similar 1o those of an atrp

ane.  The floats ¢ are atached to the
wings by means of struts amd lracinges, shown ar i Between
and eomnected to the floats are bracings, shown at . The floars
are provided with steps, as &, and rudders {0 A step i an alvup
break in the bhottoan of the Hoat ar ol to lessen S1CHion, assist

plating, and improve Joogitading] conteol while the seaplane is
weving through or on the water, The water suddess ¢ are for
maneuvering the scaplone in close quarters while in the water.

In the case of a single-Noat seaplane, It is necessary to pro-
vide small floats near the wing tips.  The small fluats provent
the: seaplane from turning over while in the water,

60. Principal Inner Parts of Seaplane—'he principal
interior structure of the fuzelage of a rypical seaplane way he
composed of a series of holkheads, as shown m 1hg, 24 Tlhe
prineipal nterior structure of the wing 15 corposed of shars and
rils, which may he of various types of construction o st the
"I.H'f"?'\-'ar;v' T{'I"'II'iTI'_'I'!'If_"I'IfS,'

61. Principal Outer Parts of Flying Boal.—The priveipal
vuber parts of a tvpical Qying heat are shown in Fizo 230 e
hall @ is provided with twao steps b and ¢ amld @ coneave bottem
. The steps serve the sane purpose inoa hull as ey do in
floats, as previously deseribed. The Aving boar illustrated, as
i= general with Targe flying boats, is & moneplane type buill with
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high wings, as o, Some large flving boats have retractable wing-
tip floatz, which either fold up se that they are almost entively
cnclosed by the wing, or else actually form the wing tin as shown
at . Either of these arrangements lessens or eliminates the
resistanee of the Aoats and Moat beacing, and adids apprecialily
b the speed of the Qving boat while in the aie. The nacelles,
ae g, are st into the wing,  The tail assemlidy s the Lwin-in
type, as shown at b
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62. Principal Interior Structure of Flying Boat.—The
principzl mterior structure of the bottom part of a hull, or a
Mying boat is eomposed of a keel, keelsons, and frames or tihs,
Such typical stroctures may be as shown in Tig. 26, and in Fig.
27 (a) and (01, in which o denotes the keel, b the keelsons,
and ¢ the frames or ribs.  The bottom shell, or skin, is denoted
by o and the sides by ¢, The chine [ 15 the connection belween
the bottom and e sides.

The interfor of the bull is also provided with hulkheads and
stringers and the interior of the wings with spars and ribs
Ei..'l'.li[ﬂ.l' La Ll:l{:"‘.‘il.‘. L,'l]l. A1 ii.'il'l)l;i,J'I.L'

MAKING LAYOUTS

63. Duties of Loft. The duties of lofts may vary in dif-
ferent aireraft plants.  The most mpartant duty of a lolt, in a
typical case, 12 to develop full-scale layours from the information
supplied by the Engineering Departinent,  [n developing these
full-scale layouts the Toft serves another vital porpose, namely,
the fairing of the lines, From these full-scale layouts a large
percentage of all basic information for the shop, Enpineering
Department, and the factory in general is oliaioed.

64, The loft makes the layouts for the major portion of
the assembly fixtures, and for the remainder it contributes the
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information feom which they ave huilt, The term frfuie is oflen
applied o any work-holding device that is secured to a bench
or o wachine while work is heing performed on a part. Tool
design relies om the loft for many of the basic dimensions neces-
sary to build the large lixlures that the loft has no direct respon-
sibility in bailding,

65 All templets are made in the loft, or the information
[eoan which they are made is supplied by the loft.  In the air-
craft industry the word templet s commonly wsed o ddentify
a ilin metal plate, or plate of other suitable material, which may
e used as a guide or pattern and generally includes the profile,
cemtonr, layout of holes or the bend lnes of a part, or an
assembly layout of several parts.  Tn the case of form hlacks,
for instance, the blocks are made from a templet made in the
Ift, but the achial toal, the form Llock, is made in the shop, A
form block is a block of suitable material made to the inside
danensions of formed parts to be produced, taking into con-
sideration the forming characteristics of the metal to be worked.

66. [y making these templets with as mucl information
as possible on them the loft serves another prpose,  Blueprings
are eliminated to a large extent, as the parts may be cliecked
dircetly to the tewngilet more quickly and aceurately. The infor-
mation on the blueprint is eondensed and is not so easy for the
shop man to read as when it 15 on the templet,

Anther fportant function of the laft {5 to check the work
released by the Engineering Department.  All work going
thtouglt the Ioft, from large assemblies o small details, is
cliecked completely when Jaid out full size in relation to other
parts of the same assembly.

67. Genoeral Loft Procedure—The preliminary desizm
gromp of the Fogmeerng Department s responsible for the
desipm of the wind-tunmel model.  The wind-tunnel model is
a small-zeale model of the actial foll-size airplae and 35 tesced
i awitnd e, or elongated chamber, through which air is
forced at high wvelocity, to determine certain cluracteristics
ul the zirplane in fight.  When the model design is approved,



30 0 P o B R 0 3

the hasie line: deawing of the airplane, which was wsed to con-
struct the mode], 15 tarned over to e varions PTLIES cuncered
with completmg the design and the stracture.

63.. Th& '“"i[lg Lok 1“'\'(,‘.3'\- 11|L‘. hi*H'i[[. il'liﬂrl_]'l{l.tiu'l] p-('r[';u'n-
ing to the wing and locates the bulkheads, spars, and ather hasic
structure.  The Iuselape proup, or hull group m the case of a
flving boat, does hkewise, mul, noaddition, it makes a small-
seale drawing of the faselape or hull faired as well as passibile
by such a drawing. This small-seale drawing of the fusclage
or hull pronp, usnally o size, is then sent to she loft,  The
infarmation necessary to determine the wing, which includes the
roor, tip, spaw, or oiler basic nfornmation, iz likewise sentl o
the Toft from the wing peoup, The rool is the basic section at
the inhoard end ol a wing, or the end nearest the fuselage. The
tip 33 the basic section at the vutlard end of the wing,  The
span i the maximum distance from tip to tip of the wing, or
it may be designated as the distanee from the root section to the

Lizr ur last rilesection of e wing,

69.  With this inlormation at hand the loft begins the task
of waking the waster layout: and tools, and supplving the
basie information from which the jips and Gxtires are to he
mace in the shop. A jig s a rigid structure or mechanism,
of either wood ot metal, which holds parts in place while they
are in some phase of fabricaiion prior to assembly, or which
bolds comprment parts of a strocture while 1 s being assen-
bled or disassembled.  The cliei differcoce Twetween a jig
and a fixture, in the lsoguage of the loft, iz that a fixtore in
mest cases 13 a Jower-priced aod siopler wechanism, and s
likely to be a single-purpose tool lor holding parts during certain
machine or hand operations,

70. The first duty of the loft is to lay ent the mock-up,
and then jair the lines of the wing and the Tuselage ar hudl
Thiz compleled, waster contour templets are waee at all the
statioms af the fusekuze or hodl, and ot W01 fhe rils of the wing,
These tenplets ave all wade to the theovetical wedd o, which
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follows e mtersection of the t=ide of U sk sand e catside
ol e strociure,

T1. The 108 then makes redinate charts of the lines of the
Meselage or hull and the wing, These charts should be as com-
plete as possible in every detail,  For the fuselage or Tmll chart,
the location of the wing, stabilizer, enclosures, turrets, and other
parts should Se as complete as pmssible, so thar oy basic
Inforation pertaining 1o the fusclage or hull ean be lad from
the enc chart.  For the wing, the basic ordioetes, slopes of per
cenl lies, slation dimensions, ad ather imformation should he
erjually complete,

72, While this work is heing done in the Tofz, the Engi-
neering Departioent releases blueprings to the Toal Planning
Department, which determines the tonl: necessary to manufacture
ihe part. The ol planners then write tonl orders to that ellect,
These tool crders are received in the loft, and the next task the
loft performs is chat of checking the toels, The teals are made
from the infermation supplicd by the Engineering Depart:nent
thruugh Lhe mediom of drawings and mascer Tayones,

73, Wooden assembly fixtures are laid ont on table tops,
and when the layoutl is cowpleted, wosden blocks are {astened
to the Lable fops to hold the partz of the azsembly 0 correet
relation while the assembler rivets thein in place,  The templets
of the detail parts are then wade from the wooden assembly -
(xture layours, and the sssembly fixoare and the templets are
released at the same time.  Often there is o assembly fixtuce
required for the manufacture of the part or parts slown on the
drawing. and. in that case, the templets are made direetly from
the information supplied oo the deawing,

LAYOUT FRACTICE

74. Preparation of Lines Layouts,—T.ines layouts may he
prepared in several ways depending ou the maim purpose they
are to serve.  For instance, as in the case of a wing layout that
is develnped lasically from per eont lines, the only purpose the
naster lavout would serve wouhl e to fair the basic sections.
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Adter the basic sections are faired the i‘l.'i11_:_: iy he enlenlated,
tha is, any section thromploul the wing way Te deteroing]
positively and accurately by the use of o caleulatng machine,
If 1t is necessary to fair 2 fuselage or hall that bas a eonstantly
changing indefinite shape thronghont its length, the fairing nnst
be done from the forward 1o the aiter end. This may he done
in several ways and by several different processes, Ohme of the
most commnen methods used is that of trial and errer. This con-
siste of a threc-view lavout the porpose of which s to fair the
section lnes i the plan view, the side view, and the transyerse
view.

75. Owme type of laymat used by the loft to determine the
contours of a fuselage or hull 15 either a full-size or a hali-size
layvout, This type takes up a great deal of space on the loft
floor and is not the most accnrate way of faiving the lines, buc
it bias some very definite advantages,  One advansage is that all
mstallations may he put on the lavout in correct relation to the
other major assemblics of the fusclage or Tall, Also, clearances,
rotations, fils, am] other similar details may be readily checked
on this type of lavont,

6. The procedure for making this type of lavout is to
take the small-scale drawing from the Engineering Department
and increase it to the size desired,  This layvout is veually made
on a wood surface hecange of s size, lut for more aceuracy it
may be laid out on sheets of metal spliced together to lormn one
hig sheet.

77, Anotber method of laying out fuselare or hull lines is
by foreshortening ; that is. hy reducing the scale of measurements
for the length as compared with full-scale measarements for the
width, This method 1= by far the mosc accurate wav of fairing
the lincs, but has s disadvantawes in that it is dificall when
wsing this method to incorporate installations.

78, The procedure for making this type of lavont 15 to
make a three-view drawing of the fuselage on graph paper. The
station dimensions sheuld he foreshprtened in relation to 1he
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ordinates in the mtio of one o fear.  In this manner the con-
teurs are accentuated and the lines faired with preater ease,

79. The best method of making the layout is to combine
Lth methods Ilﬂ,:-.';.uus]_y deseribed. Under this combined
methad the leit fairs the lines by foreshortening, It then takes
the sections of the [uselage or hull that need to be detailed, such
as the pilot's enclosure, intersection of wiog and [uselage or
hull, and other necessary sections, and develops them full size
from the foreshortened lines. This is done on a sheet of metal
which is kept as o master templel and a permanent record,

80, The contours of the wing at the rib stations should
always be caleulated from the hasie information, and then com-
piled in a data hook so that the wing information is readily
available and 1s absohitely aceurate.  FHowever, there are cases
wlhen layouls must be made, and in such cases they are, when-
ever possible, foreshortened front and plan view layouts, These
layouts lonk true into the chord. or base line of the airfoil at the
leading vdge, lut the stations are closer together than on the
actual wing, usually by the mtio of vne to ten. In some cases
such as trailing-edpe rih layouts, where clearances st e
determined, a true layout is made looking into the chord planc
at the tip. The chord plane 15 the plane passing through the
chord Tines.

81, In addition to those described, there are other lavouts,
mnoztly of intersections, rotations, and the like, These are almost
invariably laid cut in true three-view rolationship and, wherever
possible, to full scale,

82. Preparation of Wooden Assembly Layouts. The
informativn used io the preparation of wooden assembly lavouzs
originates for the most part in the engineering proups,  This
inforination comes to the loft 4o the forme of & hinepring and from
this, amed the oaster-comtour templet s, the Tayvout is made,

83, The procedure to be followed is first to lay out a suit-
alle gric. I ihe wooden assembly layout is of a station of the
wing or fusclage, the loft has master-contour templets.  In this
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case the grid may consist of the few water-lines showi o the
master-comtonr fempler, and alsn the conter '1':11'_', n the caseoof
the fuselage. [f it happens to be a wing station, the grid need
oidly be the chord lice.  If there is vo complete master-contour
templet for the particular assembly, a sulficiently  comnplete
grid should be laid out to ascertain engugh points to complete
the necessary contonrs and ather lines.

84, After the mold line of the patticular assemhly has
been drawn on the wooden assemibly layout, the next step s
to detail all the parts that ave shown on the drawing, This is
done similarly to ordinary drafting procedure with the exeeption
that an 111} pencil is used to produce a neat but very black line,
Later these lavoutz are photographed or similarly reproduce:d
atel are kept indefinitely as waster references,  The need for care
in laying out is apparcnt.

85, After the wooden assembly lavout is completed and
checked, it is shellacked to hold the lines, and the templets are
then clecked to . Afrer the templets are inspectod, bath the
wond assembly Tayout and the templets are released from the
luit to the shop at the same time,

86. Preparation of Templets.—Inlormation used in laying
out templets comes [rom the wooden assembly Tyt boand,
Llueprints, and master lofe limes, Temnplets are seribed on fp-inch
galvanmized iron that has been painted black, and are cut cut in
the cutting department.

87, In transierring information from the wooden assembly
layout to the templet. tracings naw e nsed bat only with great
care.  I[ they are vsed, relerence lines and check lines must he
put on the traving at frequent intervals, and the tracing should
be wsed immediately after it has heen teaced,  This w41l eliminate
errors tesilling [rom strelching or shrinking of the tracing
paper.  Tracings should pever be vzed for a part that is over 2
fert in length.  For large temaplets the information should Le
land ot anew on the templet stock, laking care to make an exact
duplicatiom,  Or betier stll, a photographie or similar method
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of duplication will prevent ecrors, which mmy ovenr when
duplicating by hand,

88. For templets embialyving the contonrs of any parl of
an airplane or other aircraft, such as the batch areas, the landing
or heaching gear arcas, and the like, information should he
obtained speciliczlly from master loft lines m order to maintain
essential uniformity in the lines of the airplane. 17 a lines layout
15 not available, contact should be made with the lines group
leader or the chiel loflsivan to determine the necessity of
making a layou,

89. Tolerances.—The loft, as it is primarily a maker of
tocls, has no definite tolecnces, Al work produced by the Inic
mmst b as acearate as possible, so that the tolerances that arc
stated on the drawingz may he wsed in the shop where they are
required,  The loft Inspection Department, as a general rule,
checks to one-half of uY inch, or expressed decinally, to approx-
imately O0F inch, Fxveptions are made in spreial cases governed
by design Timitations.

80, Simplified Riveting—With the aid of the loil, 1he
amount of riveting information on drawings is comsiderably
lessened.  Riveting standards covering general tules requisite
for strength are first drswn up by the Engineering Departiment,
These standareds list for each size rivet the pitch or center distance
between rivels, numther of tows, distance between tows, and the
minimum  distance between rivet and edge of plate. termed
“lancling.”  They will also indicate the size of rivet 20 be used
tor each gage of plate, and the standard practice in riveting
watertight and non-watertight joints,

91, DBy reference to these standards, the loftsman can show
on his lemplets both posttion and size of rivets for all seams,
withont further information.  Rivets attaching memhers, other
than plating, to each other or 1o gussets shoald be called for on
drawings by size aml nuober reguited, and their general position
or rivet pattern indicated to scale but without dimensions, The
Toftziman can then lay off these details on his templets in accord-
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ance with stamlardl practice with refecence to pitch and edge
distance,

92. General Instructions—The general instroctions that
[nllow cover the practices of one of the largest aircraft plants,
and may net apply to all plants.  Each plant may have general
instructions to suit its own Tequitements.

1. As soft a pencil as possible, such as an HB or I" grade,
shenild be used in laying out lines. Either prade mentinned will
make a ['lrU[HJUI'I{‘.EiI black lme which wiall alsao he sharp and
clean. The painted surface of the layout sheet zhould not he
et with a bard pencil or seriber, hecanse, if it 35 necessary to
make changes, a cut surface will result in a marred layout,

2, Use onlry ppper case, or captal letters, and make all let-
tering read (rom the same side of the lavout, T7se no measure
ment warks or diklications of any sort whatsoeever,  1f there 13
aty question about this the leading man should be consulted.

d0 Al layouts showd e made full scale with the exception of
a few master lavouts, which must be reduced in scale hecauise of
the size of metal availalile,

4. Avenl fancy leflering, unnecessary lines, wiews that are
detailed on the prints, ditnensions, and notes whenever pozzible,
In all cases the information on the layvouts must Tee acenrate
and legible, and convey the necessary information [or the shops.
All unnecessary draiting must be eliminated. Do not cross-hatch,
Do not detail corrugations; instead, simply note *'dircction of
corrugabion’ and indicate the directicn by an arrow.

5, Make sure that every part of the assembly Is given a dash
number, A dash number is a number preceded by a dash, as
—1, -2, -3, and so on, used to locate and identify each part of an
assemhbly,

Call out the rivets hy ende, The term “eall oint™ means refer
to, give, or show. On right-hand Tayours show only enough
rivels Lo locate drill templets. Do not call oot spotweld Toca-
tions on wooden azsembly-Axture Tayouts, Al necessary fangre
angles shomld be shown,  They should be given to the nearest 3
degree oo both wood assenbiy-fixture layoues and templers,
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fi. All templets made in eonjuncion with wood assemibly-
fixture lavouts should bave sufficient reference lines to Incate
them aceurately on the wood assemibly-hxture layouts, in order
tu facilitate inspection. Tn cases where parts bave locating holes,
such boles in the drill templet, the marking-and-lncating hole
temiplet andd the form-block templet must be very carelully
cowrdinated. . )

7. Locating holes should elear all rivets, bend racii, and edges
of material by 1 inch whenever possible, Locating pins 4 inch
in diameter shoull be used on material 125 inch and up in
thickness. All other locating pins should he % inch in diameter
whenever possible.  Omly in exceptional cases is it permissible
to use locating pins § inch in diameter,





