-DESIGN"ANALYSIS OF

—— = REPUBLIC SEABEE

r P 1uE encineeriNG of Republic Avia-
j. tion Corp’s Sesbee asmphibian
marks & turning point in the avia-
tion industry. Strocturally, the eraft
represents such a reasonable—and nee-
egsarv—departure from infricate con-
ventional design, thal its radical makeup-
simplicity alone, embodying more-than-
adequate strength charaeter- o .
istiez, recommends it as & "-?_,;5.,
basic patiern for futnre
engineering of aireraft—military,
transport, and perzonal.

In subztanee, the fixed and movable
airfoil stroetures of the Seabes &
are essentially ribless components
comprizsing =imple spar foundations eov-
ered by stiffencd skin, The hull-—almost
a pure monocoque design——eonsists of a
heavy gage shell with relatively few in-
ternal connecling members. And stem-
ming from such highly simplified design
i5 the all-important faetor of simplified
produetion——the controlling factor in the
ability lo produce high value airplanes
for low eost, without the requirement of
large mass outpul heretofore conszidered
NECEIBATY.

The Sexbee project haz unmistakably
demonstrated that design complexity is
the fundamental reason for high produoe-
tion eosts, sinee there are narrow limita-
tions to the production engineer’s e¢a- By IRVING STONE, Asistant Editor, “Aviation”
pability of entting direct mannfactaring
labor charges when confronted with com-  Yeering sharply from complex and costly components, this new all-

plicated subassemblies, ZAnd i has been  p g4) four.place amphibian design embodies a revolutionary degree
shown that when the desmign 35 formu- 5 ol 5 B ;
lated, it must be M_;'T"_'_‘_mn\_"ﬁd on altendant of structural simplicity—the prime factor enabling Republic's engi-
tooling and manufacturing problems.  neers to achieve low-cost manufacture without need for huge volume.
J(hig i the Ayl requirement for process-  pic notable stride forward is fully detailed in this construction-
ing low-cost planes; henee, design and g i oo = .
process engineers must work hand-and Pl‘ﬂﬂllt.flﬂn Si'l.ltlf—:ﬂ{‘ﬁ in Aviation's expllﬁli' Series.
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Exploded relation shewing: (1) Wing float, (2) wing, (1) wing brace
strut, (4) aileron, (5) flap, (6) engine, (7) engine mount, (8) fized
tap cowl, (9) roisable top cowl, (10) farward sida cowl, (11) rear zide
wrop-around cowl, (12) stabilizer, (13) elovafor, (14) fin, (15) rudder,
(16) fab, (17) storn axsembly, (18) water rudder, (19) tail wheel, (20)

glove to develop designs that will permit
high-speed production operations, This
involves a high degree of standardization
of sections, hole sizes, and other strue-
tural details. Also, the design must he
carefully studied to permit large indi-

when such need is found to be necessary.

Assuming a run of 5,000 planes at a
ziven rale, cost for the autemotive type
tooling is estimated to be approximately

struefural fillet, (21) hull offerbody essembly, (22) landing gear hull
through-shaté, [23) elbow connecting hull shoff o sfruf, (24) foof sfep,
{25} hulf forebody assembly, (26) cobin asembly supersfruciuee, (27]
baw door, (28) side door, (29) erown window, {30) cabin assembly
rear primary tfruefure, (31) wing crosstie, and (32) firewall,

$300-3350 per lb. of airframe, and sinee
the airframe weighs about 1,100 b, aver-
all eost of production tooling is ap-
proximately $330,000, But it must be

vidual seetions to be drawn in dies, re- 1o
placing & large number of small-part as- ar
gemblies. It is then the process engi-

] 2 [l
neer's funetion to develop the tooling fo -~
perform as many operations at one lime
ag is poazible, thus eliminating subse- 4+
quent direet labor costs. r

In sharp contrast to the convenlional
aireraft straeture, containing many small
and interloeking eomponent assemblies
laborionsly put together by hand, the
simplified strocture of the Seabee lends
itzelf readily to rapid fabrieation with
equipment of the type generally used in
the automobile industry—units such as
mechanieal presses, press hrakes, and
antomatic serew machines, And, addi- 06 -
tionally, large sections of the strueture
are assembled on automatie gang rivel- od -
ing machines. \

Using thiz type of fast-production
equipment for the Seabee, each tool is
designed for the maximum ountput. For

Dollars per 1b.
T

Frofolype o0esign and convenlionol!
aircroft tooling

e
et
- e ™
e~ -——
- h -
b o
Simpiified design and
conventional olrcraoft
fooling

Simplified design and
automolive fype fooling

example, if a mechanical press is capa- oo
ble of 300 strokes per hour, the ecor-
responding tool is designed for the same
namber of strokes—to produee an aver-
age of 300 parts per hour. And to in-
sure operation of equipment at maximum
spend, additional manpower is assigned,
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Units

Chart shewing disfribution of stobilizer cast (laber, fooling, ond overhead—less moterial) in
dollars per Ih. with protatype design and conventional eircraft fooling, with simplified design and
conventional aircroft tooling, end with simplified design and aufomofive fype fooling. 1f iz fo
ke poted thot feHer tooling poys for ifself in fess than 200 craff,
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Simplified stabiliter seen here presents marked confrost fo comparatively
complicated convenfional design showa of feft. Simpliified design com-
ponenfs are: (1) Front spar, (2} rear spar, (1) inboord end rib, and
(4] single-piece skin formed on camel-back drow die, with -in. sfiffen-
ing beods serving fo reploce convenfiona! frame members. Skin iz also
shaped fo form infegral fip, thus abviating need for oufboord end rib.
Assembly is accomplished olmost entirely by sufomefie rivefing.

Simplicity of structural details is fypfied in this stabiliver inboard end rib—e single-piece stomping
provided with o slof for persage of franf spor, which is eHoched fo rib via mefal disploced fram slof,
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Comel-back draw die for forming skins. This is femperary foo! msed
ontil produvction uaif is available, and is employed with sfeel mot (seen
in background) which gives sharp impressions of the beads with hydraulic
press whilizing rubber female. With mechonical press, steel female will
obvigte need for mat.

Simplified wing sfructure: (1) Fronf spar, {2) 45 deg. simple flanged
lightening hele, (3) bearing plate for aHfochment of front spar o cabin,
{4) #wo-piece inboard ead rib, (5) middle spar, (&) rear spar, (7]
canfar rib, infercostal between spars, (8) wing float socked, (7)) aileran
bellerank bracket, and [10) eutboard end rib with wide flange for
atfachmant of wing fip. [Insef: Canventional prelefype wing pamel
with ifs great aumber of ribs, also stringers.
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Wing broce strut is single sheef furned on ifzelf and jeined on oufomafic
rivefing machine along ocutwardly foced flanges of froiling edge.
Extruded fiftings af ends serve for offochment fo hull ond wing,
respectively.

Seabee wing float (fop) is fully menccogue sfructure fobricated of fwo pressings aufometically
siveted along juncture of ewfwardly furned flamges. Above: Canventional profotype floaf with
rib members requiring hand riveling through occess bofes,

o0

understood that installation of the new
tooling is predieated on a frozen air-
plane design—one that will be nsed for
at least a year's production without any
major design changes being made.
Whereas no definite fipures are available
regarding cost per 1b, of airframe using
conventional aireraft tooling on a
comparable frozen run, it is approxi-
maled that the manufacturing eost (tool-
ing, labor, and overhead) would be many
times higher than the manufacturing cost
with automotive type tooling.

In & study of the economies of utiliz-
ing automotive type tooling for the sim-
plified (ribless) struoeture, distribution of
stabilizer tooling, labor, and overhead
sosts was estimated over produetion runs
of from 100 to 5,000 planes, and it was
determined that the new tooling pays for
itself in less than 200 eraft.

Initial problem attendant with the
choice of antomotive type tooling was
the gelection of materials adaptable to
fast produetion methods. After exten-
sive investigation, 618W was chosen for
severely formed parts in which high
strength was not important, and R-301W
was seleeted for slight advantage in
formahility over other high stress mate-
rial and parily to eliminate heat-treat
operations in the manufacturing process.
It is estimated that heat-treat per Ih. of
airframe adds 3e to e in direet labor
cost,

An important feature of the Seabee
production plan is & eclozely controlled
parts flow time—three days from raw
material to finished product—to elim-
inate stock rooms and attendant personal
and paper work,

Another major eonsideration liesz in
the procurement cost of items snech as
instruments, eleetrical switches, interior
trim and hardware, and other equipment.
In many instances it has been found that
good, eomparatively inexpensive, anto-
motive fype units can be used,

Secbee Design Philosophy

As a prelude to the structural analysis
of the Seabee, it is inferesting to out-
line, brielly, the eonsiderations leading
to, and the theory underlying, the sim-
plificd design.

The prototype plane, which was eom-
pleted in Nov. 1944, was built only to
prove the general design. The eraft was
a three-plaee 175-hp. all-metal amphib-
tan monoplane using good but eonven-
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tional strueture throughout, and was an
outgrowth of an original design by P. H.
Spencer, development enginecr.

Manufacturing cost eonsiderations—
prics would have had to be almost twice
the present price (just under $4,000)
based on simplified design—prompted
Alfred Marchev, Republie’s president to
direet an investigation to determine how
airframe structures could be simplified
to reduce manufacturing costs sharply.
He believed that extensive simplification
conld be achieved, with consequent great
reduction in pumber of assembly com-
ponents, while yet maintaining the high
gtandards Tequired in aireraft eomstrue-
tiom.

Alfred Z. Boyajian, structures project
engineer at Republie, was assigned the
tack to redesign the Seabee airframe to
meet rednced eost requirements. As a
preliminary step, he reviewed: (1) The
evolution of eonventional design, to
ascertain why this type of strueture had
been adopted; (2} production time
studies, made available from wartime ex-
perience, to establish what, in general,
wag cansing mammufacturing costs to be
so high; and (3) stress analysis pro-
cedures, to determine what conceptions

Structural simplicity is nofable in this full slofted flap. Components
are: (1) Single-piece beaded wrap-oround skin joined of froiling edge,
{2) cenfer nese rib for hinge ond horn fitting, {1} spar, (4) Yg-in.
plate stock hinge fitting, and () end rib.
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Wing floaf strut amsembly: (1) Spacer fube
for affachment bolts of float, (2) contour plate
jor flost socket, (3) infernal reinforcing ehan-
ael, and (4) confour plate for wing sockel.

existed which might be altered to justify
a vastly simplified structure.
Tt beeame apparent that: (1) Despite
the progression from the wood and fab-
* rig-covered wing to the all-metal unit,
the latter was still fundamentally similar,

With the Significant Belief—

that a knowladge of the design phil-
osophy and production methods behind
the Seabes project belongs to the
aviation industry, the management of
Republic, through Pres. Alfred Mar-
chev, has made a notable contribution
by walcoming investigation of its per
sonal plana development by reprasen-
tatives of other aireraft manufacturers.
And alrsady a number of these men,
as chservers, have visited Republic’s
Seabes division.

in basic pattern, to the former; (2) pro-
duetion eomplications arose because of
the eomplex “egy box” structure—many
internal interconneeted members, in tarn
connected to the outside cover; and (3]
the neeessity for the retention of nu-
merons rib components (as “irreplacea-
ble” internal members of the eonvention-
al metal wing) had not been eclearly
established.

When engineer Boyajian’s simplified
—cgomparatively ribless—struetural de-
gign was first proposed on paper it was
subjected to much discussion in large
eonferences of engineering personnel.
The absence of eonventional ribs in the
design created much doubt as to strue-
tural airworthiness—doubt voiced be-
cause it was believed that in aceordance
with costomary methods of stress an-
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Like fiap, full slotfed aileron seen here
afia has single wrap-oroond skin, Ofther
details are: (1) End rib, (2) spar, (1)
nose rib carrying hinge, and (4) neze rib
carrying harn.  Aileron s identical in
cross-section fo flap, hence forming fools
for fofter moy be wsed for oileron skin,
spar, and b,

alysis, the proposed simplified structure
wag econsidered to be probably defielent
in strength requirements. It was con-
sidered, generally, that other than a rib
there was no structural member decmed
capable of transferring airload shears in
BR & chordwise diveetion to the bending-
}] resistant spars.

Boyajian's theory was that if the
cover of a stressed skin wing were suffi-
viently stiffened, thuz ereating a heavy
torque box, it should be possible to
transfer such airlond shears with a
. minimum of internal structure. He ar-

rived at this econclusion after reasoning
that the econventiomal prectice for a
streszed skin wing, wherein a section is
isolated and analyzed as an independent
structure, was not justified, sinee it was
assumed that the other portions of the
overall structure did not contribute any
vital additional strength characteristies
to the isolated seetion.

True, an isolated ribless section would
deflect under airload because of absenece
of shear rigidity, and would give a large Cpﬂ'L
torsional displacement with respect to
the end ribs. But a torque box, for ex-
ample, comprising the stressed s=kin
leading edge wounld offer appreciable re-
straint to snch torsional displacement.
Further, Boyajian believed that the lead-
ing edge eell and the aft cells would
serve, in some degree, as beams in bend-
ing between end ribs, and that the see-
ondary spars would also act so. He also
reasoned thal individual beads on lbnd-

Elavator structure’s simple mokeup fea-
tures: (1) Inboord end rib, {2) spar, (3)
extruded hinge fitting, ond [4) single-
piece wrap-around skin foined of frailing
edge and having infegral skin fip fo efim-
inate end rib.

Fin ond redder assembly: (1) Fin boffom end
rib, (2) wrop-ground skin, (1) front spar, (4)
center spar, (5) infegral skin fip, (8) rear
spar, (T) rudder hinge fitfing, (8) combination
hinge and harn fitfing, (?) spar, and {10)
wrap-ground skin joined af frailing edge. If &
confemplated fo build rudder of I & r. clam-
shell sections joined along erfernal flanges of
both leading and troiling edges (oround anfire
periphery), thus elimineting spar.
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Cobin supersfructure frame sefup: (1) Right bow panel, (2) dovble
front doar post, (1) rear right door posf, (4) rear side panel, (5) side
window, (6] monopiece roof, [7) crown window, (8] crown bow frame,
(%)} left side door, (10) single fron? door post, (11} cenfer bow frome,
(12} left bow ponel, and {13) fower bow deor post.  Febrication sime-

tion for the spars of the stabilizer unit.

On the conventional stahilizer, skin
was 020 248T Alelad, whereas the sim-
plified stabilizer—having the same out-
line—has skin of 025 R-301W. External
stiffening beads, serving to eliminate the
internal framework of the somventional
structure, are % in. deep by 4 in. on
centers, sand are not considered objee-
tionable as speed-impeders. And it is
also felt thal the external heading lends
a decorative touch to the plane snrfaces.
Aetual test on the prototype plane, with
and without beading (beads were simu-
lated by wooden strips attached to wings
and tail surfaces), showed a reduetion of
but 3 mph. at high speed—a loss affset
by a reduetion of 2 mph. in stalling
spend.

An example of the type of tooling
utilized for fabrieating the stabilizer
skin—tooling which is typieal for fab-
ricating the headed skins of the wing,
other fixed surfaces, and movable sur-
faces—is the forming die. This iz a
camel-back draw die which forms the

4

I:!f firowall,

bewds with necessary contour and depth.
Draw flash is die-trimmed to give the
skin ils size and outline. Final opera-
tion in & bending die forms the camel-
back into the leading edge of the strue-
ture by folding the skin back from the
bulie.

In assembly, front spar is attached to
inboard end rib as a first operation. This
unit is then pluﬁﬂd within the skin en-
velope whose seetions have been pre-
assembled on an avtomatic riveting ma-
chine with a single row of rivets. Ae-
eessibility from the open end atl the rear

.

plicity is fypified in cabin Fred supersfructure, where side panel is
blanked from o single piece and formed wifh sfiffening beods and
confour in one operation. Cobin rear primary strueture affaches fo rear
side skins of supersfructure and encloses boggoge compartment decked

of the envelope permits automatic rivet-
ing of the latter to the front spar and
end rib. Next, the rear spar is installed
and antomatically riveted to the skin to
form the rear closure of the strueture.
And the tip is formed with an external
flange, also automatieally riveted,

Thus, aside from attachment of stabi-
lizer hinges (bolled) and other minor
hand operations, the entire sssembly is
antomatically joined—a fairly typical
procedure for all the airfoil structures
on the Seabee. This simple method of as-
sembly i3 in marked contrast to the
complicated, manual, slow and eostly
procedure involved in the fabrication of
the conventional strueture,

Static test of the simplified stabilizer
showed abont 10% higher strength over
the conventional prototype unit, and it
also disclosed very satisfactory rigidity.
And most important—sinee it made pos-
sible such fast and ecost-saving produe-
tion methods (replacement price of sta-
bilizer panel eomplete assembly, inelud-
ing attachment parts, is expected to be
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Section through cabin sfrocture of rear wie-
dow and door (inside view, feff side, look-
ing forward). Rubber S-extrusion for retain-
ing window is cemented fo loffer and fo
ponel cufout margin, and serves os weather
soal, vibrafion damper, and frim.  Combing-
tion ang'e-and-I-section crown bow membor
affoches fo side skin and door post gussef
porfion.

under $35)—was the justification of a
new approach in stress analysis.

Following is a comparison of design
and production factors of the simplified
and eonventional stabilizers:

Conven-  Simpli-

tional fled
51 - A 42 1]
Man-Hours ..... 14.2 2.7
Rivets ..covsse. 521 160
Weight (1b.) ... 13 13

Now that the application of this sim-
plified design had proved satisfactory for
the stubilizer, it was decided to test the
eonstruetion principles on a much larger
nnit—the wing panel.

Wing Structure

Conventional prototype wing was a
good, typieal airfoil structure of 245T
—a tapered, full cantilever unit consist-
ing of ribs, spars, and stringers. Here,
again, there were so many interlocking
ecomponents, all largely inaccessible to
antomatic machinery, that in the main 1t
had to be assemhbled almost entirely by
hand; hence, it was very costly, Manu-
facturing of the many detail components
was eomparatively simple, representing
only abont 5% of tolal wing fabricalion
time; Lhe other 9595 was almost all as-
sembly time.

The simplified wing is a rectangnlar-
planform eonstant-thickness strueture,
externally braced by a single strut. Rea-
song nnderlying the change from tapered
to rectangular-planform were s fol-
lows:

{1} Skin becomes a rectangular sheet,
and in bending it to the form of the
wing, malterial losses ordinarily ocea-
sioned with & tapered wing are avoided.

{2} A zingle forming tool can be used
for all skin sections on both 1. & r. wing
panels, whereas on a tapered wing, each
skin sectiop requires a separate forming
tool, and a differcnt set of tools s re-
quired for the opposite wing.

(3} A single tool can be used for fah-
mieating spars in 1. & r. panels.

(4) Exact width strip-stock can be
used for the spars, since the flat pattern

Fiew of cobin through right side door re-
vealing roomy inferior. Seo! bock cushions
ore defocheble for wse es fife preservers.
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Fiaw from oufside of cobin side panel window showing simple plostic venfiloter insfallation in
closed posifion: (1) Window, (2) ventilater, {3) ventilator handle, (4) robber goskef, (5) cufout

in window, and (6] cutout in venfilotar,

of the unit is rectangular. This avouds
material losses and additional operations
required for the tapered spar.

(5} Rectangular-planform wing per-
mits flaps and nilerons, amd their hinges
and brackets, to be interchangeable
L. & r., thus eliminating the need for sep-
arate tools and material losses attendant
with the tapered design.

All of these considerations are ex-
tremely important in a simplified stroe-
ture. In contrast, small differences be-
tween two assemblies of s conventiomal
degign (sueh as non-inlerchangeability

of 1. & r. skin sections) were not of much
consequence, since this condilion required
only & new aset of parts and tools—rep-
resenting but a negligible portion of
total manufacturing eosts which were,
largely, eonsumed in assembly handwork.
However, in the simplified design—in
which handwork has been greatly elim-
inated—small differences which require
additional tools and prevent the use of
components interchangeably, add eon-
giderably to the eozt of the strueture
Simplified wing framework econsists
of 3 ribs and I spars. Hibz are approxi-

Dedails of cabin clear-view panel insfallation: (1) Clear-view panel, (2) plastic frame, (1) lock
knob, (4] pull hondle, and (5) plostic hinge pin.

il

ko

mately 814 ft. on cenfers and spars are
approximately 15 in. on centers. In-
board rib is a 2-piece member—nose vib
and after-portion. Center rib is made
up of 3 picesz intercostal between spars.
Outhoard rib is o single member provid-
ing for the attnchment of wing tip by
nearporating o wide flange.

Front spar, supplying about 909 of
wing bending strength, is an 064 chan-
nel constant throughout the span and

‘having straight flanges turned on a hend-

ing brake, Extrnded angles of 145T are
nested in top and bottom flanges and ex-
tend from inboard end approximately
three-quarters of the span towardz the

tip. A simple forging iz used on the
FUNDAMEMTAL DESHSM DATA

GENERATL

Model JRC-3
BRG] P e Amph:‘.:-mn m-}nu:m AaT1E
T | b S P e d-place
Congtruetion _...... ceenen - All-Metal
Flight instruments. Basic CAA and ball bank
Badlo {twn—w:‘urj ......... Tower and range
Propeller. . . . Ground adjustable ( Reversible

piteh propellar aptional)

POWER FLANT

Make and model. ..  Franklin 6A2-215-BEF

Hp, and FrPM . corvervarasinssns 216 at 2,600
Tl used b eralse. . ..., 13.5 gal, per hr,
PERFORMANCE
High speed.....ic.iccaencciuin. 120 mph.
Crulaing nt ThE power. ... .. ... .. 103 mph.
Landing spead ....... craariaar 88 mph.
Climb, first minute. .. _........... T0d Torm.
ange at oraising. . JLB60 mi. (THh gal)
Full Ioad condition;
TalendT, 1amd. ooy v vincnacias 200 fr.
TakeodT, waber. .. ... .. o ceeoa- 1,000 fe.
Talaoff time, water,............. 25 morn,
Landing run, land........ ....... £00 ft.
Landing run, waber. .. ..o o oovra.y 700 £1.
WEIGHT
(A gl R L RS S 3,000 Ih
0011l R e S R L LAGF 1b.
Uaefol Josd. . .iveceiioneasaaans 1060 Ib.
g‘ﬂﬂ.ﬁ%N? il?FiL&'IF(.'TTﬂNS ) ki T
a {pllo TRSSBIEET Y vy v weas i
75 ]F fuel (5.6 hr. at erufged. ... .. 450 b
S L | T i e 20 1h,
BRZEERES +.veuvaeranrnasnsrranin S 240 1
of ki) o RN L e A B 1,060 1b.
3 people {(pllot & passenger). 510 1b

71 gnl. fwal (5.2 hr. at cruise 426 1h,
Foaakoall o i i 20 b
TRARERE, o pr i i s £ I,
Tolnl: sl re i 1,050 1h.
4 people (pllot & 1 passengers) ... ... GRO Ih,
46 gal. fuel (3.3 hr. at crulsa}....... 270 Ib.
3 gal. oil ] X
Hapgage
DRl S R R e s 1,060 ib.
DIMENSIONS
Span, max, ..

Length, max. ..
Helght, max, .

Wheel span, main gear........ . ...,
Cabln width, Interfor. ... ... .. ... 45 in.
Cabin helght, Interior............... 50 in.
(lltab.in langth, Interdor. . ......._.... = 110 1{&.
aggage compartment. ... ... ...2 L
I}rn.fta.\glrusi(:d e ." ................ :;uﬂ- in.
COMPARATIVE DATA
Cenventional vs. Simplified
Conwventional Simplified
Prototype Daaign
PHSECNEETES . .uwuias: 1 4
Wing area (aqg, Tt). .. 171 1494
Gross weight (lb.)... 2,000 1,001
Welght empty (1b.).. 31340 1,850
Alrframs welght (lb.) 1,260 1,140
Alrframe rta ..... 1800 450
Alrframe fabrication
tme (man- ]mum} Z,a00 00
Alrframe toaol m
at §,000/¥T. -§1,750,000 150,000
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Porf-soction through side dear: (1) Door skin,
{2) rubber Seextrusion windew refainer, {3)
windew, (4) pull-to hoodle, (§) sheet matal
serew, (8) sheet mefal nut, and [F) inferior

frim.

inboard end of the spar to make attach-
ment {o the cabin strueture. Attachment
for brace strut is accomplished with an-
other forging at the center rib.

Middle spar—essentially a false spar
—is an 033 chanoel member fahricated
in a manner similar to the fromt spar,
but has no angle attuchments.

Hear spar i= a simple .051 channel
member having a forging at the inboard
end for attachment to the eabin strue-
ture,

Between front and middle spars, at
about one-quarter the distanee from the
middle to the tip, iz the wing float sup-
porting strocture consisting of two
pressings forming a soeket for the float
strut.

All spars are of R-301W malerisl
Lightening holes have simple 43 deg.
flanges formed without subsequent heat
treating, Besause of severe forming, ribs
are fabricated of 2480, and are subse-
quently heat treated. Rib lightening
holes have deep drawn flanges.

Wing skin, with beading similar to

that on the stabilizer, iz B-301W—033

om inboard half and .025 on onthoard

half. Skin scetions are pressed on a
camel-baek draw die, similar to the
method used for the stabilizer skin.

In assembly of the wing, skin sections
are first spliced on an auntomatic Tivet-
ing machine to form a large envelope.
Spars are installed progressively, be-
ginning with the front spar, and rivet-
ing is done on an astomatie riveler af-
forded aceess io interior of envelope
from rear opening. Rivets are driven
through both upper and lower sking and
through spar flanges al same time, in

aboul 8 min, Wing tip is gquiekly in-

gtalled on outhoard rib with sheet metal
gerews and self-loeking sheet mefal nuts,

General espect of instrument panel. Mani-
fold pressure goge (nof stondard equip-
ment) iz vzed in coanection with confrol-
Jable piteh propeller installafion {opfional].
In oddifian ta units designoted en penel,
ether devices installed are pulls for porking
brake, carburefor midure, ond carburefor
heaf, signal lights for landing gear pasifion,
and microphone.
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External wing brace strut is a single
piece of 081 R-301W turned om ifself
to provide a streamlined section joined
at the Lrailing edge, on an automatic
riveter, along outwardly turned flanges.
Fxtruded fittingz on esch end of the
brace strut earry one bolt for attachment
to wing and hull, respeetively.

Wing floats are R-301W .051 skins
formed in a novel manner. Bach floal

is of fully monocogue constraction eon-
sisting of 1. & r. pressings { elamshells)
joined at the plane of symmetry along
ontwardly turned flanges adaptable for
external aumtomatie riveting. The strut
sonnecting the float to the wing slips into
a neek section provided in the pressings.
Complete float assembly consists of but
five parts—two skin sections, fwo bear-
ing plates for strut bolts, and & drain
plag—and ean be fabricated in 15 min.
This is in sharp contrast to eonventional
wing floats with numerous bulkheads
whieh are fastened to the skin by reach-
ing through aceess holes and driving each
rivet by hand. L

In this simplified wing design, notable
lightness is achieved. Complete with
flaps, ailerons, brace struts, and miscel-
laneous fttings, it weighs but 145 lb.
per sq. ft—unnsual, considering that
the avernge wing loading is 16 Ib. per
sq. ft. :

Basie makenp comparisons of conven-
tional and simplified wing stroclures are
lizted helow:

Conven- Sim-

tional plifled
Parts . ooieddi 114 30
Man-Hours 280 10
Rivets ......... 2,627 352
Weight (Ib.) .... 150 110

In statie test, the wing sustained a
load of 11595, and in torsional rigidity
was four times greater than CAA re-
quirements. Another unusnal character-
istie of the wing stroeture was that no
skin vipples or buckles appesred up to
1009 of design load—a condition rarely
achieved in a conventional metal wing
structure,

These very satisfactory resulis ob-
fained with the large wing structure jos-
tified the applieation of this theory of
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gimplified and  cost-lowering  design.

And sz a result of the attendant pro-
duction advantages, cost of replacement
for o wing panel complete assembly,
including attachment mechanizm, is ex-
pected to be under $230.

Movable Surfaces

Exeept for size and shape, the full-
slotted Haps, atlerons, elevators, and rud-
der are fundamentally identieal in con-
struclion, FEach conzists of a2 single
beaded skin folded wpon itself and joined
at the trailing edge, and each haz a single
stamped channel spar“member near the
leading edge.

Flaps and ailerons have round-nose
erdl ribs with ontwardly turned flanges
In afford easy aceess for antomatio rivet-

Elevator has only one rib—inhoard
end—halted to the operating torque tube
extending between | & 1. units. No out-
board end rib is employed because the tip
is formed from the slkin as a continua-
tion of the trailing edge. The latter iz
eut ont for a flat stock frim tab at the
inboard end, the tab being attached by
piano hinge,

e, .
A !

Upper and lower fips on rodder are
Fabrieated similar to elevator tip, henee
obviating need for end ribe,

On the flap there are thres 1g-in. fat
stock hinge fittings. Twoe are mounted
on the end ribs, and the third fitting,
which ineludes an operating horn, is
mounted on a center nose rib.

On the aileron there are two Vg-in.
flat stock hinge fittings and a separate
horn, which are attached to intermediate
nose ribs.

On the radder and elevator, Lhe spar
supports T-shaped extroded hinge fit-
fimgrs.

Sinee the cross-seetion of the aileron

E :'_J C‘J‘-

SRR

1

R

, i

Tail gear installation: (1) Wheel, (2] fark, (1) yoke lower arm, (4) yoke vpper arm, {5} lock pin,
(6] piston, (7) hollow refrocting shalf, (&) bearing, (9) second step bulkheod, (10) rubber shock
absorber secured fo shoft inferior end piston esferior, [11) refraciing cable [wound orovnd
shaff), (12) shockeord, (13) spring, (14) down lock pin, (15) bearing, {16) forward bulbhead
suppert, and (17) spring looded rubber water seal. During landing, opplication of ground lsed
fo whee! (1) couses leffward displacement of piston (6) and rubber {10) then acts in shear to
absorb force imposed. In refraction, coble (11) rotofes shaff (7) fo nest wheel alongside sfern.

il

is identieal to that of the flap, it is pos-
sible to nse the flap-forming tools to fab-
ricate the aileron skin, spar, and ribs.

Flap, aileron, elevator, and horizontal
stabilizer units are interchangeable with
respective opposite-hand  installations.
Approximate dimensions are: Flap, 9%
ft. long by 16 in. by 4 in. deep at spar;
ailerom, 7 ft. long by 16 in. by 4 in. at
the spar; elevator (fapered in plan-
form}, 6 £t long by 20 in. at max. chord,
tapering to 10 in. at tip, by 3 in. average
depth at spar; and rudder (double la-
pered in planform} 8% ft. long by 18
in. at max. chord by 4 in. averare thick-
ness at spar.

Replacement prices for the various
complete assemblies, ineluding atiach-
ment mechanisms, are expected to be
under these figures: Flap, $35; aileron,
#50; elevator, $25; and rudder, 25,

Control zystem 1z econventional cable
installation, Cockpit confrol iz standard
wheel arrangement with provision for
ntilizsing removable duplicate wheel for
co-pilot, who has rudder pedals but no
hrake pedals,

Hull Structure

The hull, designed so as to permit a
major portion of riveling to be done on
automatiec machinery, consizts of three
separate  assemblics—forebody,  afler-
body, and stern. Assembled, it has six
watertight compartments—3 in the fore-
body, 2 in the afterbody, the stern being
the last eompartment.

Forebody is comprizsed of four sub-
assembly units—deck {ecabin floor), two
sides, and bottom. Deck is made in three
seetions—~{orward, middle, and aft. For-
Jrard seclion is a single (051 2480 press-
ing, subsequently heat treated, and rein-
foreed with 3 hat-sections (2 transverse,
1 longitudinal ) supporting eockpit flight
eontrols. Edge of this section has an
upwardly turned flange for assembly to
the sides by riveting.

Deck middle section 35 025 B-301W
stiffened by four longitudinal hat-sec-
tiong aupporting the front seats and
landing gear braee channels. Marging
of middle seetion are also vpwardly
flangred for attachment to sides and to
front deck seetion. Attachment to rear
deck: is by a lap joint. Between the mid-
dle section and the zides is a 34-im.
R-301W  Z-section longeron which be-
eomes a simple angle where it gverlaps
(for about 10 in.) the front and aft see-
tioms of the deel.

Deck aft seetion is a single 051 2480
bended pressing, subsequently heatl treat-
ed, and having upwardly turned fanges
on the sides. AL the rear, the aft section
of the deck overlaps the forward skin
of the afterbody and also the step bulk-
head. A eutout is provided in the aft
deck section for aeccess to the fuel cell
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{loeated between middle and aft bulk-
heads).

Firat two w:]_t[l]_'t.i.;:ﬂt hulki]ﬁﬂdﬁ—.':]'iu
?_‘Eﬁrbeads!cmwﬁin ;. heal treated—
“are sandwiehed between the flange june-
tions of the deck skins.

Sides of forebody are .064 R-301W
made up in three scetions flanged out-
wardly at the chine, where it joins the
bottom subassembly flange

At the bow, forward of the front bulk-
head, the bottom consists of 1. & r. 072
G18W skins (made in a draw die),
From the forward alkbead to the step,
thwf_%k_hi«[mndv on a hend-
ing brake} is reinforeed by T-hat section
transverse stiffeners  having  greatest
depth of about 4 ine at the keel. On the
underside of the ehine iz an external
reinforeing angle extending from the
forward bulkhead to the step.

The keel—a T-shaped 145T extrusion
provided with drain plugs Eor each wa-
tertizht compartment—runs aft of the
firat step for splicing to the keel of the
afterhody.

Various simple struetures within the
forebody serve to support the battery,
hydraulic  pump, and landing  gear
mechanism, and also provide anchorage
for safety belts.

Afterbody—hull section hetween steps
—is eomprized of an upper seetion and
the boettom as subassembly units. Upper
seetion is fabricaled Prom three pieces of

5 =3 [, each developable from a
flat pattern, joined by simple lap joints.
Rivels throngh the lap joint b “ween first
aml second sking pick up the flange of
the forward watertight beaded bulkhead.

Afterbody bottom iz a single sheel of
U051 R300W (formed on a bending
wake) reinforeed by four hat-sections,
as in the forebody.

An indieatiom of the stordiness of the
hull buttom strzeture is that after more
than GO0 water landings, no dishing or
skin ripples were observed.

The bulkhead at the seeond step sup-
porls the tailwheel and is formed as an
Q40 2450 beaded preszing, suhaequently
heat treated, At the lower portion of
the bulkhead 15 a bearing plate rein-
foreement for attachment of the tadl-
wheel, Flanges of the bulkhead faee
forward and are sufficiently wide to pro-
vide & foundation for a butt joint be-
tween afterbody rear skin and stern
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Mew produe.
fion version of fhis unif hes simple efbow Fif-
ting for attachment fo hull shaff. :

Sechee moin landing gear siruf.

skin, The splice is further reinforeed
at the boltom by an 051 R-J0TW stroe-
tural fairing.

The stern econsists of two sabassen-
hlies—I, & r. halves—eomprising & elam-
shell skin sirneture of 040 I-20TW wilh
a cutout at the rear top portion bemeath
the fin. Each half of the clamshell has
n single longitudinal and single diagonal
Fozpetion sliffener, two vertical angle
stiffeners for the stalilizer support, and
i channel zection For stilfening the edge
of the entout and to absorb drag loads
from the stabilizer. All of these members
are attached to the skin by antomatie
riveting, The clamshells are asscmbled
with a riveted lap joint at the forward
top and on all of the bottom, and at the
rear Lhey are attached to the rib-shaped
elosure bulkhead.

A transverse angle across the top of
the cutout serves as o ftting for attach-
ment of Iront spars of stabilizers and
fin. Approximately 15 in. back of this
angle member is & deep channel for at-
tachment of rear spars of the stabilizers.
Fin rear spar altaches to the elosure
bulkhead af rear of stern.

A series of tubes, one lesding from
each watertight compartment in the bull,
are grouped in the cockpit, under the
rear seat, for stlachment to o bilge
pump, and numerous handholes are pro-
vided for inspection and servicing.

Comparison of key Pactors in the con-
struction of the eonventional and simpli-
fied hulls iz given below:

Conuven- Sim-

tirwtat] plified
Parts ...o..o..-s 362 33
Man-Hours ..... a8 20
BRivets _..ov---- i, 500 2,400
318 208

Weight (1b.) -...

Cabin Details

Clabin lines have been established by
analytic geomeiry. Mathematieal fair-
ing not only greatly reduced Ledious luf.lt-
ing time, but made possible the rapid
and preeise manufacture and ingpeclion
of jigs, tools, and dies.

Cabin eonsists essentially of twn i
sm:timl-s: {1) Rear primary slrueture,
tying the wing and engine installalion to
the hull; and (2) forward section super-
strueture, encloging the eabin proper.

Rear primary structure forwa ril bulk-
hend—eonsisting of two beaded pressed
seetions, 040 upper and 025 lower, with
a eenter cutont for access to the haggage
eompartment—supports the wing front
spars and is reinforced by 064 hat-see-
tion uprights at each side. Lower end of
pach upright is riveted to an external
fitting which connects the wing hrace
sirut to the hull, Upper ends of the np-
pights connest to an inverted hat-zecltion
pxirnsion which serves as o crosstie be-
jween front spars of the wing panels
and also supports the front end of the
engine mount, Similarly, over the main
step bulkhead there are two other up-
right hat-sections which attach to another
inverted transverse hat-zection =eonneck-
ing the rear spars of the wing panels
and also supporting the rear end of the
engine mount, Tap of rear primary see-
tiom = an aluminum-coated 019 low
earhon steel firewall.

Side skin of the rear primary strue-
tare—. 040 K-301W stiffened by second-
ary verlical ehannels—is comprised of
two seotions connected along the mating
flanges at the trailing end of the ealin
atroeture.

Forward superstructure—enhin  en-
elosure—ineludes an 091 G15W erown
bow member, five door frame wprights,
and M0 G13W skins.

Crown bow member is a rdlled com-
bination angle-and-Z-seetion unit. Door
frame uprights are identical to crown
bow frame but for attachment to latter
have gusset porlion at the top. Nesling
of erown bow and door frame provides
elfective surfaces for door sealing. The
two side doors and the bow doors are

032 B1EW large single-piese pressings

spolwelded to an {25 outer skin.

Cabin skin picks up the riveis joining
the deek to the hull sides, and is alse
joined to the erown bow and door frames
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largely by automatie riveting process.

Crown skin is an (40 beaded pressing
attached fo the erown bow member with
the same rivets which fasten the side
skins.

Interior trim and uwpholstery is of
Koroseal—waterproof, flameproof, ver-
min- and mildew-proof — economically
ntilized in varions weights according o
degree of serviee anticipated, Sponge
rubber windeord, having a prefabricated

edge to simplify attachment, is used for
weatherstripping, color-matches the in-
terior, and eliminates necessity of stiteh-
ing on a separate fabrie covering for
irimming.

Cabin soundproofing is accomplished
by using Fiberglas or similar material.

Retention of each the seven large
double-eurvaiure Lucite (Heath) eahbin
windows iz accomplished with a uniquely
simple Goodrich rubber S-extrusion, one

Engine installation with fop cow! in open position. All cowling (fop, rear side, and forward
side] is removable fo offord overall eceess fo power plant. Canfomplated iz removal of air
bafiling (seen af fop of engine, fo right of oil conler) ond ifs incorparation as integral part of
top cowl, thus expesing enfire upper part of engine when cowl 5 [iffed.

af

loop bheing cemented to the pane and
the other loop cemented to the edge of
the ¢abin ¢ntout margin, In addifion fo
serving ns a glass retainer, the extro-
sion functions as a weather seal, a wi-
bration damper, and a deeorative irim.

As far as possible, standard automo-
tive type hardware—Cowles door han-
dles, locks {with slight redesign), pull-
to handles, and dome light—are used,
with careful selection in regard to
weight, strength, and eost, which fae-
tors also dietated the use of Tinnerman
sheet metal secrews and nuts.

The back of each Reynolds seat is
quickly detachable to serve as a life
preserver. Front seat tracks and ad-
justment mechanism are American Forg-
ing & Soeket standard antomotive types.

Instrument Panel

Instrument panel is located om left
side of cockpit in fromt of pilot. A

.package unit in the lower right corner

eontaing Electrie Auto-Lite auntomotive-
type engine instruoments—oil fempers-
ture gage, oil pressure page, fuel quan-
tity gage, fuel pressure page, tachometer,
and ammeter. By removing four nuts
which held four elamps in the rear of
the package, the latter may be removed
into the cockpit.

Two-way Hallierafters radio is adja-
eent to left of engine panel poekage;
and by removal of four serews on under-
side of support shell forward of panel,
and dizeonneetion of power supply, an-
tenna, and phone plugs, the radic may
also be drawn into the cockpit. Mierp-
phone is spring-clipped on the instro-
ment panel and the cord passes through
the pamel, drawn in from hehind by
spring tension. Optional radio, with
broadeast band and loop antenna provi-
sioms, fits the standard installation hrack-
els withont any alteration.

Flight panel package containg an air-
gpeed indieator, magnetic compass, alti-
meter, and ball-bank indicator. The
package is drawn into the cockpit by re-
moval of false front by prying, then
removing eight serews on the face of the
panel. Optional flight panel is equipped
with sensitive altimeter, bank and turn
indieator, elock with sweep-second hand,
and the standard-equipment sirspeed in-
dicator and magnetic eompass.

The instrument panel also earries the
following control switches: Cole-Hersee
master switeh, and Douglas or Cale-Her-
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Simple ond sfurdy mount for Seabee’s 215-hp. Fronklin engine: (1) -
Position of rubber shock mownt of reer (propelier end) of engine, (2}
welded fifting, (3) supperting fube, (4) supporfing hof-zechion, [5)

see domelight, instroment light, anchor
light, and running light switehes. The
FPollak or Bendix ignition switeh is de-
signed to control the starter by press-
ing the key in “Both” position. Key
for ignition switch also operates eabin
door locks.

Other panel controls are pulls for
parking brake, earburetor heat, earbu-
retor mixture, and throttle. Signal lights
for landing gear position are also in-
stalled. .

Right half of eoclpit panel iz dmitted
to provide free passage to the bow door.

Produetion installation time for all
electric wiring on the eraft is approxi-
mately 11 min. Wires are furnished in
prefabricated terminaled lengths, Spring
terminal sockets on switches are used
to afford push-pull conneetions, and
knife disconnects are used where wing
and tail wires join the cockpit com-
nections.

Landing Gear

Main landing gesr utilizes Electrol
air-oil struts designed to have a rela-
tively low static air pressure to faeilitate
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servicing. Each strut iz fully eanti-
levered from the hull side and through
& bolted elbow connects with a shaft
extending through the holl to the op-
posite gear. Hull shaft is in two zee-
tions joined at the hull cenferline by a
welded sleeve. Channel members at each
end of the sleeve provide support by
extending fo the frame at the hull
battom,

Strut torque arms (scizzors) are util-
ized #5 step means to the cabin, and
top torgque arm 15 designed to receive
a towing hook.

Retraction and lowering of the main
landing gear (equipped with Goodrich
wheels and brakes) is aceomplished by
hydraulie power from an Eleetrol hand
pump loeated between cabin front scats.
Reservoir, thermal expansion valve, and

posifion of forword rubber shock mount [on crankcase), and [6) for-
ward affochment point to firewall and wing crossfie. Moun! components
are inferchangeable for use on either side of engine.

selector valve (flaps are also operated
hydraulically) are integral with the
hand pomp. A bellerank on the eenter
sleeve connecting the ftwo sections of
the hull shaft attaches to the upper arm
of a two-arm toggle linkage ; lower arm
of linkage iz attached to a pivef fit-
ting on the hull structure and above this
pivot point iz also connected the piston
of the hydraulic eylinder. Latter is in
furn pivoted om & horn attached to the
center sleeve. Haxtension of the piston
hreaks the toggle linkage from a past-
dead-center positive-lock position and
rotates the hull shaft to refract the gear.
At full-np pozition of the pear, the link-
age again comes together just past dead
center bo form a positive lock through
contact of positioning stops at the break
point.

Tail wheel iz full swiveling and is
locked in the fore-snd-aft position by
a spring-loaded pin with eable connee-
lion to eoekpit. The wheel is mechan-
ieally raised wvia a eable connection to
the main gear hull shaft. Cable action
pulls a lock-pin and then rotates a hori-
zontal shaft on which iz pivoted the
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lower arm of a two-arm yoke on the
vertical tail wheel strut. The shaft ro
tates approximately 132 deg. to plaee
the wheel alongzide the boom.

In addition to its funetion to retraet
the tail wheel, the horizontal shaft is
ingenionsly designed to serve as a shock
absorber for tail wheel ground loads.
It iz hollow and surrounds a piston al
tached to the npper arm of the two-arm
tail wheel yoke, In the space between
the piston cireumference and the inte
rior cirenmlerence of the horizontal
shaft is = layer of rabber seeured to the
piston and shaft interior sarface, Upen
applieation of ground load to the tail
wheel, the piston is displaced inwardly
and the surroufiding rubber acts in shear
to absorb the forces imposed.

Alteration of the tail wheel design is
conlemplated, to render the unit steer-
able as well as swivable.

Engine Installation

Power plant is a 6-eyl, aireooled, wet
sump Franklin engioe, mounted o0z o
pusher, located above and aft of eabin,
directly over the [firewall decking the
bagrare compartment. Monnting is es-
sentially a three-point zupport. FPropel-
ler end of power plant is carried by two
sonverging stee] tubes with slotbed ends
‘welded to heavy sttachment plates for
bolting to an engine pedestal earrying
a rubber shoek Attachment
plates at hases of supporting tubes are
bolted to 048 pressed steel hat-sections,
in turn bolted to the firewall. Hach of
these hat-sections runs forward and up

moumnt.

in a longitudinal plane parallel to the
engine thrust line and is pieked up by

SN S
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in another shock mount pedestal
on the erankease, From this pedestal
another hat-section on each side Tuns
forward and down and is bolted to the
firewall. Components of the mount are
interchangeable for use on either side of
engine,

Gronnd adjustable Aeramaster propel-
ler (standard equipment) has lnminated
maple blades chemically sealed in the
ferrmle, Blade covering iz black Aero-
loid plastie sheeting, and Monel metal
sheathing over the plastic protects the
leading edge. Optional Hartzell revers-
ible piteh propeller is pitch-chnnged by
engine oil pressare with manual opera-
tion of valve control in eockpit.

Power plant accessories inelude Elee-

u bl

trie Auto-Lite starter, senerator, 'mgula:

for, and distributor.

Cowling

To eliminate fillets and  eompound
corvature of the rear lower cowling,

12 has been constructed in twe seefions

as simple wrapped sheels. Hach seetion
i straight at the sides and meels the
wing at 90 deg. Hear of each seclion
wraps around Lo meet the other seetion

vl U A 2 T P Bl UL

Fuel cell—rubber impregooted bladder fype wnif—hos cofout for offechment of plote corrying

filler neck ond Fuel level goge.

G2

at the centerline of the craft, and at-
tnehment to cabin sides iz by quick-
fasteners. Forward lower eowling on
each side iz a straight section, also at-
tached by quick-fastensers.

Top cowling, from propeller end for-
ward to engine fan housing, is a single
wrap-around sheet pivoted at forward
end similar to an antomobile hood and
iz held in the open position by a brace
rod on each side. In elosed position, top
cowling is fastened with quick-latehes
to lower eowling. Forward of thg top
cowling iz another top seetion fixed in
place,

With top cowling up, and with rear
side cowling removed, entire engine ac-
rossory geetion is accessible for servie-
ing. Then, by detaching the top cowl-
ing by removal of & few bolts and then
unfastening forward side cowling, the
entire engine inztallation iz aceessible

Fuel eell iz a Goodrich bladder type
hag, made of rubber-impregnated fab-
rie, Jocated inside the hull just Forward
of the main step and between two waler-
tizht bulkheads. The unit rests on a
plastie sheet over the hull bottom stif-
foeners, and is fastened to the deck strue-
ture by smap fasteners which have suffi-
cient play to faeilitnte adjustment in
seeuring the bag to the male fastener
eomponents on the strueture,

Top of the bag iz provided with an
opening approximately 5% by 12 in.
over which a metal cover plate earry-
ing the filler neek and fuel level gage
iz installed by bolting to the hag and
also to the deck skin, which has s corre-
sponding cutout for removal of the fuel
eell, A drain at the botltom of the eell
eonnects to a pipe which runs hehind the
main step where it is fitted with a drain
plug.
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