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HS-IL FLYING BOAT HANDBOOK 

INTRODUCTION 

The following text is designed to give the most sa tis­
factory current practice of handling large flying boats 
with particular attention to unpacking and assembling. 
There are various methods of performing the component 
operations dealt with, and no doubt most of these would 
give satisfactory results, but the following, if consistently 
adherred to, will give good results. 
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NOTE ON THE HS-2L FLYING BOAT. 

As this handbook goes to pres a modification of the 
HS-IL flying boat is being developed. This modifica­
tion consists essentially in an addition to the wing surface 
and an increase in rudder area. The additional wing 
surface is obtained by adding four 6-foot panels, one in 
each side in both lower and upper planes adjacent to the 
outboard extension panels. 

All the parts required to convert the HS- IL to the 
HS- 2L will be duplicates of other parts already on the 
HS- lL, excepting the four 6-foot panels and the larger 
rudder. 

The wing beams in the upper engine section of the 
HS- 2L must be made without routing, and provision ha 
been made to supply an upper engine section panel having 
unrouted beams with the other parts necessary to con­
vert the HS- IL to the HS- 2L if these beams have not 
alrMJy been changed . 

The following represents the parts necessary to convert 
the HS- IL service machine into the HS- 2L and shows 
t,he difference between the two models: 

(a) Upper engine section wing panel beams to be made 
unrouted. 

(b) Front engine section lift wires to be changed from 
two -h--inch to two ¼-inch nonflexible cable. 

(c) Rear engine section lift wires to be changed from 
two -h--inch to two s½--inch nonflexible cable. 

(d) Four 6-foot panels to be supplied complete with 
hinges and standard HS- IL wing post fittings, including 
bolts, strut pins and cotters. 
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6 HS--lL J<'LYING BOAT HANDBOOK. 

(e) Four front lift and four rear lift nonflexible cables 
to be supplied, ¼ inch and --h inch, respectively. Also 
single drop wires front and rear of the same size. These 
are for the added panels on each side. 

(f) Two front interplane struts 2i by 6i by 84 inches 
to be supplied.. 

(g) Two rear interplane struts 2 1
3
6 by 5-½ by 84 inches 

to be supplied. 
(h) Four -inch stagger wires to be supplied "\\-ith turn­

buckles and end connections. 
(i) One rudder to be supplied having an area of 26 

square feet instead of present HS- lL rudder having an 
area of approximately 20 square feet. 

(j) Aileron control wire.3 to be lengthened and changed 
to accommodate increased span. 

The HS- 2L will be increased in span by 12 feet on the 
upper and lower planes over tbe HS-lL. This is the 
only material change in dimensions. 

The HS- 2L weighing 6,500 pounds has operated suc­
cessfully and has attained a speed of 91 miles pet 'hour. 
It i~ anticipated that the increased area over the HS- lL 
will materially increase the climb, preliminary trials 
having indicated that 2,500 to 3,000 feet can be attained 
in 10 minutes while operating with the foregoing weight. 
In the air and on the water the balance and handling have 
indicated an improvement over the HS- lL. 

The wing loading has been derreaseu from 9.03 pounds 
per square foot for the HS- IL to 6,500/803 = 8.09 pounds 
per ;:square foot, but the horsepower loading has been 
increased from 17.9 pound~ per rated horsepower to 
6,500/330 = 19.7. 

A chart of interplane cables of the HS- 2L appears on 
page 4. 
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SPECIFICATIONS 

1. AREAS. 
Sq. ft. 

Panels, upper, excluding engine section and ailerons ......... 232. 00 
Panel, engine section upper.................................. 75. 80 
Panels: 

Lower outer, excluding ailerons ......................... . 
Lower inner ........................................... . 

Ailerons: 
Upper (each 30. 80 square feet) .......................... . 
Lower (each 21. 30 square feet) ......................... . 

Sidewalk section .......................................... . 

184. 00 
53.20 

61. 60 
42.60 

3.80 

Total supporting surface ............................... 653. 00 

Horizontal stabilizer........................................ 54. 80 
Elevators ( two at 22. 80 square feet)...... . . . . . . . . . . . . . . . . . . . . . 45. 60 
Vertical stabilizer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19. 60 
Rudder.................................... . . . . . . . . . . . . . . . . 19. 60 
Nonskid plane.............................................. ]6. 00 

2. WEIGHTS. 

HULL. 
Pounds. 

Hull (including soakage) .................................... 1, 265 

WINGS, TAIL, ETC. 

Upper panels............................................. 284 
Lower panels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184 
Engine section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Sidewalks................................................. 72 
Ailerons upper braces, etc.................................. 75 
Ailerons lower braces, etc.................................. 40. 5 
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12 HS-lL FLYING BOAT HA.SDBOOK. 

Aileron connecting rod ................................... . 
Rudder, etc .............................................. . 
Elevator, control, etc ......................... · ........... . 
Vertical stabilizer ..................................... ~ .. 
Horizontal stabilizer ..................................... . 
Stabilizer braces ........................................ . 
Outrigger .............................................. . 
Wing-post struts ......................................... . 
Engine-bed wires, etc .................................... . 
Bowpost, oil piping ..................................... . 
Pontoons ............................................... . 
Nonskid planes .......................................... . 
Engine section cables .................................... . 
Sidewalk wire, etc ....................................... . 
'rail skid ................................................ . 

Total ............................................. . 

ORDNA CE EQUIPIIIEN'r. 

L Lewis gun ............................................ . 
1 shell deflector ......................................... . 
2 ammunition trays . .................................... . 
1 mount ................................................ . 
l Colt, 1 Very pistol, rockets, etc ........................ . 
1 Wimperis course-setting bomb sight. .................... . 
1 pilot directing bomb sight ............................. . 
2 bombs with gear ...................................... . 

l nst.allation ............... . ............................ . 

Total ............................................. . 

STEAM ENGINEERING EQUIPMENT. 

Motor ................................................... . 
Water .................... . .............................. . 
Radiator ................................................ . 
Propeller ................................................ . 
Fan gasoline pump ..................................... . 
Hand pump ............................................. . 
Tanks .................................................. . 

Pounds. 
15 
24 
33 
22 
49 
26 
17 

111 
184 

29 
58.5 
16 
37 
13 
4 

1,400 

l!) 

3 
20 
25 
22. 5 
5.8 

26. 7 
378 

500 
60 

560 
- ---
806 
114. 5 
83 
70 
18 
5 

120 
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Gravity tank ...................................... ••••••• 
Oil tank .............................. ·················· 
Spark and throttle ........................... • • • • • • • · • • · • 
Wire mesh ................................. •.••••·•······ 
Tachometer ............................ • . • • • • · • · · • · · · · · · 
Oil-pressure gauge ......................... • . • • • • • • • • • · • • 
Thermometer ......................... • . • • • • • • • · · •. · · · · · · · · 
Gasoline sight ........................................ • • . 
Tools and spare parts ........................... • • • • • • • • • • 
Oil thermometer .......................... • .. • . • • • • • • · · · · 
Radiator support ............................ •. • • • • • • · · • · 
Hand crank .................................. •.•••••••·•• 

13 

Pounds. 
31 
18 

2 
8 

11 
1 
1 
1 

15 
1 
5 

13.5 
12 Exhaust .............................. ••••·••·•········· ----

ELECTRICAL EQUIPMENT. 

Storage battery .................................. • .... • . • 
Aldis signal lamp, running lights, instrument lights ....... . 
Switchboard ............................................ . 
Wiring for electrical instruments ......................... •• 
Intercommunication set ............... '. .............. ••.•• 

Installation ................................ • . • • • • • • • · • · · 

Total ............................................. . 

1,336 

15 
9 
3 

10 
10 

----
47 
6 

----
53 

CONSTRUCTION AND REPAIR EQUIPMEN'l'. 

Bilge pump ..................................... • • • • • • • • 10 
Sea anchor .................................. • . • • • • • • · • · · • 15 
Air-speed meter ..................................... • . • • • 5 
Inclinometer ..................................... • .. • . • • • 1. 3 
Fire extinguishers (2) ..................................... __ 1_4_ 

45.3 

Installation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 7 ----
Total ........................................ ••••• •==5=2 = 
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ANDBOOI{. 

1 
Compass ... 

NAVIGATION EQUIPMENT. 

J 
J 

Watch · 
Altimet~r- · · · · · · 
Chart board. . . . ... 

;~~~s ~~ci ·;;~i;·_-~ _· -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- _· _- _--_--_--_-
P1geons _ _ _ ·-. - · · - -
Binoculars:_-_-_-_ 

Installation .. - ..... 

Total ................. 

. MEDICINE AND . - - • - - - - -

M d . SURGERY E 
e 1cal emerg k' 'QUIPMENT ency 1t_ • 

PEHSONNE 
Crew (2 L AND FU EL 

men, at 180 J • 

Pounds. 

4 
J 
2 
3 
2 

10 
5 
2 --29 

3 --32 ==== 
2 

=== 
Gasoline (ll0 o-

11 
1 °unds). _ .. _. __ 

ba ons) and oil (6 gallo~~)- - - - .. - . - - - - - - - - - - --
Total. - - - - - - - - - - 360 

730 ' ·--- ......... . --Radio and installation RADio EQUIPMENT, - 1,090 --= 

Hull (includ · SUMMARY. 

Wings, tail,;;; ~~akage) ..... - . - - - . - - - - . - - - -
tdna11ce ~quip.rn~~t ~ ·_ -_ -_-: - · · - - - · - - - - ____ .. _- _· _- _· _- _- _- _· - - - - - - · - - 1, 265 

team Eng1neerin • · · - · · - · · - - - . _ _ - - - - - - · - - 1, 400 
Electrical equipm;n:qmpment_ - - - -.. - - . - _- _- _· _- _- ... - - . - - - - .. - - . 560 

110 

== 

Construction and R . ·. - - - - - . - - .. - - - - - - - - . - - - - - - - - - - - l 336 
Navigation equ1·p epau equipment. - . _-_- _-_·. - - . - . - - - .. - ... - . - - ' 53 
Md' . ment - . - . _ e 1c1ne and Sur - .. - .. - . - - . - - - - - . - - - - - - - - - . - 52 
Perso~nel.. .. ____ ~~ry equipment_ ... _"_"_-_-_-_·_- - - - · - - - - - · • - - - . _ _ 

32 
Gasohne and oil . . - - - . - . - . - ..... - - . - - . . 2 
Radio.. · · · · · - · - 360 

Total weight. ___ . _ 
······ 

.......... 
730 
ll0 -.... · - - · · · · 5,900 
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3. LOADING. 

Total weight 5,900 
-- - . - = - =9.03 pounds per square foot. 
Supportrng area 653 

Total wei()'ht 5 900 
-R d h O = ,

3 0
=17.9 pounds per rated horsepower. 

ate orsepower 3 

Angle of incidence: 

4. DESIGN. 

(A) AEROPLANE. 

Upper panels_. _________ . _____ ._ ... _._. ____ _ 
Lower panels .. _ ... _______ . ___ .. __ . __ - - - - . - - . 

Angle oi dihedral, panels. _ .. _ . ___ . _ . _ . _ . _ . _ . _ .. _ 
Stag()'er. ___ .. _. _. _ .. _____ ... _____ . _ ......... __ . 

Gap: 

5½ degrees. 
4 degrees. 
2 degrees. 
0 degree. 

15 

Front_ .... _. _____ ._ .. ________ ._._._ ... _ ... _ 7 feet 7¼ inches. 
Rear. ____ . ___ . _ . __ ..... _ .. _ . _ . __ .... _ ..... _ 7 feet 5H inches. 

Chord._._ ... _ ............................... _ _ _ _ 6 feet 3/z inches. 
Wing curve ______ . ___ ... _:. ______ . _____ ........ R. A. F. 6. 
Span of wings: 

Upper ___ ........ _._ ..................... _ .. 
Lower _____ ..... _ ....... __ ............... - -

Length, over aU. _. ___ . ___ . _. ____ . __ . _. ___ ... ___ . 
Width, over all_._. _____ ....... _. _. _ .. _ ... _ ..... . 
Height, over all_ ... ___ .. _ ... _. __ .. _ ..... _ .. _ . _ . _ 
Length of hull .... _ ..... __ . ____ .. _ .. __ . _ . __ .. __ _ 
Tail plane, angle of incide11ce __ . _ .. ___ . __ . _ .. __ _ 

(B) MOTOR. 

62 feet H- :u1eh. 
52 feet lH inches. 
38 feet 5 a inches. 
62 feet Hinch. 
14 feet 7 ¼ inches. 
34 feet 3 inches. 
0 degree. 

Type, 330 horsepower Liberty twelve-cylinder, 45° vee, four-stroke 
cycle. 

Ignition: Storage battery and induction coil. Distributor on each 
cam shaft. 
Cooling .... __ ._ ... _._ .. _._ .. _. _ ... _ ..... Water- centrifugal pump. · 
Oiling ... _________ . ________ . ___ . _ ... _ . . Forced feed Lo all bearings. 
Bore_ ... ______ .. _ .. _. ____ ... _. _. _ .. __ . 5 inches. 
Stroke ....... __ .. __ .. _ . _ ....... _____ . . . 7 inches. 
Average gasoline consumption per horse-

power hour. __ .. __ .. _. __ .............. 0.55 pound . 
Average oil consumption per horsepower 

hour ................ __ .... . .......... 0.03 pound. 
Valves ......... _._ ..................... One intake, one exhaust 

per cylinder. 
Carburetors ............................. Two duplex Zeniths. 

65022-18--2 
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(c) PANELS AND AILERONS. 

Leading edge to center line front beam .. -............... . . 
Center line front beam to center line rear beam ........... . 
Genter line rear beam to trailing edge. - .......... - . - ... - . 

Upper plane in three sections. 
Lower plane, four sections, two each side of hull. 
Sidewalk secLion integral with hull. 

Ailerons. 

[E!:~ ~t:l:~~:~~::::: ·. ~::::::::::::::::::::::::::::::::::::: 

Maximum 
width. 

Ft. in. 
2 2 
1 10 

9 inches. 
48 inches. 
is ·inches. 

Length. 

Ft. in. 
17 Ji 
12 9 

All fabric sewed to panels, scams laid diagonally, or normal to lead­

ing edge. 
Doping: Two coats of cellulose acetate, two to four coats of cellulose 

nitrate on all fabric surfaces; two coats of anti-actinic gray wing enamel 
on top fabric surfaces and verLical fabric surfaces; one coat of anti­
acLinic gra,y wing enamel on bottom fabric surfaces. 
Strut fittings._ .................. _ SLcd stampings and Iorgings. 
Wing spars .. _ .................. Spruce. 
Ribs: 

1ntermccliaLe ............... LiahLened pine, wing contour. 
Compression ................ Solid pine, wing contour. 

Trailing edge .. _ ................ Steel tube, flattened to oval shape 

(D) HULL. 
Ft. in. 

~i~~~ ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3! ~ 
Width over fins ................... . . . ........... - . - - - • . - - - - • 8 0 

Material: 
Planking-

Bottom (outer)._ . . . . . . . . . . . . . . . . . -h inch pine or cedar. 
Bottom (inner) ................... i'z inch pine or cedar. 
(Fabric between glued to planking.) 

Planking, top and sides .............. Single, pine or cedar (./ix 
by 5 inches). 

Covering .•.• , •.•.•. , .•.•...•........ Fabric glued to planking 
on top and sides. 
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Material--Continued. · 
Frames. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ash. 
Keel ................................ Ash. 
Keelson .............................. Pinc or cedar. 
Deck stringers ......................... Pine or cedar. 
Chine stringers._ ...................... Pine or Port Orford cedar. 
Stem post .... __ ...................... Ash. · 
Floors ................................ Pine or cedar. 
Seam strips ........................... Spanish cedar . 

. Bulkheads ............................ 3-ply waterproof veneer. 
Engine beds ........................... Ash-spruce-ash. 
Engine bracing system: 

Compression members .............. Steel tu bing s1 ream-lined. 
Tension members ................ _ .Non.flexible cable. 

(E) FINISH. 

(a) Panels and tail units are finished with low visibility gray non­
actinic wing enamel. 

(b) Hull is :finished with low visibility gray wing enamel or naval 
gray pontoon enamel. 

(c) AH metal p3,rts ~re enameled: 
(1) Wing-post .fittings ( over copper-plating)._ ... __ ...... Gray. 
(2) Radiator ... _ ..................................... Gray. 

(F) CONTROLS. 

(a) Double wheel control, located in operator's cockpit. Control 
bridge is of the inverted "U" type, ash frame, equipped with 
two 4-spoke, bronze spider, black walnut rim, 16-inch hand control 
wheels. Bronze sheaves for guidina control cables. Elevator control 
lines attached to bridge by steel fittings. Bridge ends reinforced by 
lightened steel fitting . 

(b) Foot-bar controls for operating rudder. 

Foot bar ....................................... Ash. 
Block ..................................... _ ... Bronze. 

(c) Throttle and spark ad vancc control levers mounted in operator's 
cockpit located between the two seats on diagonal brace. Cut-out 
switch to be located within reach of pilot. 



INTERPLANE CABLES. 

Location. Type. Engine section. Intermediate. Outer. Overhang. 

{
Flying ........... .. _ I Double /.inch .... .. .. .. ,· Double ,\-inch.......... Double ta-inch.......... Double ta-inch. 

Front.········ Landing ............ Double ,\-inch .......... Single ¼inch ... . ....... Single t,-inch ......... . . None. 

{
Flying .... .... .... . -1 Double -h-inch ......... ·1 Double ,\-inch ..... ___ .. Double &inch ... ___ . . .. Double ta-inch. 
Lan g. . . . . . . . . . . . ou e 16-mc . . . . . . . . . . illg e ,.-me . . . . . . . . . . . Single ta-inch. . . . . . . . . . . None. Rear .......... [ din D bl ' . h s· 1 ' . h • 

{
Upper front to lower rear, single ¼-inch. 

Stagger Lower front to upper rear, single ! -inch. 

Engine bed to top of inner post, front to rear, rear to front, single /.inch. 

Engine bed to hull sidewalk section; front to rear, rear to front, single ¼inch. 

King post brace wires, front and rear, single ¼-inch. 

NoTE.-All wires to be galvanized nonflexible cables. 

A change has been made in the sizes of some of the above cables which will be incorporated in all but a few boats which had been 
shipped before the change "as deemed advisable. 

In the front, the engine section and intermediate cables will be increased to¼ inch, the outer to -h inch, and the overhang decreased 

to i,-inch. In the rear the engine section cables will be increased to .S-inch and the overhang decreased to h -inch. 

Fig. 2.-Hull box, looking aft. 



INSTRUCTIONS FOR ASSEMBLING. 

METHOD OF SHIPMENT. 

A complete boat, including the eno-ino and propeller, is p::tck cl in 
fom (4) so1nrate boxes. 'rhe large box should eontain the hull, 
ailerons, wing iloats, interplane bracino-, engine parts, radiator, out­
rigger, two oil tanks (, mall ), gravity gas tank, and two bomb-dropping 
devices. The medium ized bo·x contains tail units and wing panels. 
1'ho engine is contained in one of the small boxes and the propeller 
in the other. The contents of these boxes are noted on the packing 
sheets (figR . 2' to :35, iudusivc>) accompanying each Rl1ipment. 

HANDLING BOXES. 

The sling for handling or hoisting the hull box bould consist of four 
cables of equal length with hooks on the lower extremities. Two diag­
onal steel strap3 are bolted to 0ach side of the box; the hooks on the 
hoisting cables should be plssecl through the l10le in the upper ends 
of these straps (see fig. 4). 

The hull is kept in a fixed position in the box by a system of bracing, 
with large cushioned bumpers on each side over the fins and tmder the 
tail. The nose and tail are firmly blocked and cushioned to prevent 
lateral or transverse movement. The hull is thus completely braced 
to 1.he case. The top should be kept uppermo t, however, as in this 
po ition tho hull rests on a special cradle fastened to the bottom of the 
shipping box. The top of 1.he box is easily recognizable due to the 
fact 1hat the two diagonal hoisting strap3 on the side converge toward 
the top and also the top ends of these strap3 have the holes for the 
hoisting hooks. Figures 2 and 3 show the di po ·ition of the hull in 
the box. 

Tl1e other boxes may be handled by a sling pa sino- under each end 
of the box, keeping the center of lift near the middle of the box. 

Weighls.-The averao-e weights of tho boxes as shipped are a follows: 

Pounds. 
(a) llull box ................................................ 7, 900 
(b) Panel box ............................................... 2, 50 
(c) Motor box ............................................... J, 375 

19 
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Cross section. 

Longitudinal section. 

FIG. 5.-Hull box on cradle. 
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UNPACKING LARGE BOX. 

It will be of advantage to place the case containing the hull on 
firm blocking, high enough so that with the height of the cradle in 
the box, the elevation of the hull above the ground will be somewhat 
more than the height of the assembling cradle to be used. The lowest 
point of the hull is 10¾ inches above the bottom of the box. This box 
is as hown in figure3 9, 10, and 11. 

Since the weight of the hull is carried on the raclle, the flooring 
of the ·ase under the cradle honld be properly supported jf box is 
raised. Cribbino- 4 feet longitudinally each side of the step is recom­
mended. (See fig. 5.) 

1. Top should be carefully removed. (See figs. 2 and 3). 
2. Saw across beams and braces, so same may be removed without 

damage to the hull, this including the bracing on nose and fail. 
3. Remove ailerons. 

4. If crane or chain falls are available, the hull should be lifted 
vertically out of the box, usino- a cross beam .fitting into the wing 
hinges. (See fig. 6). 

------4~10° -------..,j 

:f HOL[ 

FIG. 6.-Hoisting tackle for bull. 

5. If hoistino- device is not available remove outrigger and boxes 
containing interplane bracing and engine parts, then rcmove side 
of box opposite the ailerons. Lift the boat carefully out of its bed 
in the box and set on cradle. About 24 men are required to properly 
handle the boat. 
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UNPACKING THE MEDIUM SIZED BOX. 

Carefully remove top and such bracing as to allow the removal of 

panels. UNPACKING ENGINE BOX. 

Follow instructions printed on the side o( box. 
When hull an<l parts are first removed from boxes they should be 

carefully inspected to see that no damage has occurred <luring 

shipment. ASSEMBLY OF CENTER SECTION. 

l. Find a cornparatively level spot for the cradle and level np boat 
[ore and aft and athwartships. 'rhis can be clone by using a jig fitting 
into the hinges (see fig. 7) an<l allowing for an angle of attack of four 
degrees (4°). This angle is measured between the chord of the wing 
and the horizontal, when the boat is levc>l. 

Jt<. Fo12. WING; SUl2FACE 
J1q fo12 H1NGts 

LAMINATtD wcx:XJ 
LM\INAHD WOCIJ 

LlVEL 

f PIN , 

JIGS FO~ ANGLE OF ATTACK. 

J<'IG. 7.-Ass mbly jigs. 

If a jig i not available set up two blocks o[ wood on a straightedge, 
with a block under rach hinge-point on si<lev;alk beams, "ith the 
front block three and one-haU inC"hcs (31 inC'hcs) longer than the rear 
block. Level up bolt by making top of straightedg level. 'l'his 

should be clone on both ides of the boat. 
As an alternate method for leveling up the hull longitudinally a jig 

shown in ftgure 8 may be used. The point at each encl of the jig 
should be placed on the center line of each beam on the bottom of the 
sidewalk sections. Since the vertical distance (3~ inches) betwe n the 
jig points is fixed, a spirit level resting on the straightedge will indicate 

the horizontal lines. 
2. Level boat across mid section by straightedge and level. et on 

two blocks oi equal height, first on line with front hinges then on line 

with rear hinges. 

x 
0 
.0 
bJ) 
C 

~ 
·o 
I 
I 

-<t 

-~ 
u. 
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If boat is moved in order to make it level in any one direction, it 
should be checked to see that it is still level in the other directions. 
Boat can be leveled by jacking up the cradle at the corners. 

3. Set engine bed in place, connecting to landing strut or bow post, 
and check up level fore and aft and athwartships on top of engine bed. 
The engine bed itself should be exactly Ievel when the boat is level. 
The wire stays should be fairly taut, and can be used to make slight 
adjustments in the level. 

4. Place engine in position byusingcrane or chain falls. (Seefig.12. ) 
Engine can be skidded into position on long beams although this is 
difficult and should not be attempted unless necessary. 

5. Connect up piping and wiring to engine . 

. ..., 
j_ _______ _ 

"'". 
FIG. 8.- Jig for leveling up hull. 

6. Place gravity tank on top of upper control panel, or engine panel, 
· while on ground. 

7. Lift upper engine panel into place and fasten on struts and 
wires. (See fig. 13.) 

8. Attach lower intermediate panels on hinges and connect to lower 
end of struts and wires. Level up engine section panels and lower 
intermediates by using straightedge and level, along beams of lower 
intermediate wing ection . Lower intermediate panels should be 
level laterally. (See fig. 14.) 

9. 'l'o check for zero stagger, drop plumb bob from leadino- edge of 
upper wing. By adjusting stagger wires the leading edge of the lo\1 er 
wing can be brought directly under that of the top wing. 

10. All landing wires should be sligMly more tau1t than flying wires. 
11. If desired, the five and one-half degrees angle of attack of the 

upper wing can be checked by seeing that gap between the leading 
edges of upper and lower wings is seven feet seven and o:ne-eighth 
inches (7 feet 7¼ inches) and gap between trailing edges is seven feet 
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five and twenty-nine thirty-seco;nds inches (7 feet 5-H inches). When 
struts are in place and stagger is zero the angle of attack of upper wing 

should be correct. 
12. Radiator can be attached at any convenient time after this. 

ASSEMBLY OF TAIL SURFACES. 

13. 'rail surfaces can be assembled at any time while" ings arc being 

assembled. (See fig. 24.) 
(a) Put fin and outrigger into place and check up vertically. Fin 

should be exactly vertical when boat is level. 
( b) Set stabilizer in place and bolt to top of fin and end of out-

rigger. 
(c) Attach steel stabilizer braces from hull and set stay wires so that 

stabilizer is level laterally. As this stabilizer has zero angle of attack, 
a center line through the leading and trailing edg€"s should be exactly 

parallel to the engine bed. 
(d) Attach vertical rudder and elevators at hinge points. Control 

wires on elevator should be so adjusted that the elevators are a con­
tinuation oi a straight line with the stabilizer when the control is 
in neutral position. 'l'he control wires should be slightly slack when 
in neutral in order not to bind when in extreme positions. Control 
"'ires on rudder should be fairly taut, but must not cause binding on 

rudder pins. 

ASSEMBLY OF OUTER WING PANELS. 

14. Stand wings on edge parallel to eaC'h other with the leading 
edges on the ground. Connect wings with truts and stay wires. 
(Struts are numbered from 1 to 12, reading from I ort to starboard on 
front beams l to 6, then from port to starboard on rear beams 7 to 
12.) Tighten wires to approximately flying conditions. 

Attach ailerons and aileron control wires. 
Attach king-po ts and supporting wires and see tbat top beam is in 

line and fin perpendicular to it. Too much tension on supporting 

wires may pull beam out of alignment. 
Care should be taken that Dying wires from outer panel overhang 

are not too taut, as this will cause too much tension in small king-post 

brace wires. 

Fig. 13.-Front of engine section with u pper panel. 
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1.5. (a) LiH outer wing pane:s, completely assembled, into position 

and support them by hor es (fig. 17). The blocking on the horses 
should be arranged so that the weight of the panels comes on the spars 
and not on leading or trailing edges. This is shown in flgure lS, which 
gives two methods of carrying the panels. The upper dotted portion 
is for the crane system and the lower for transporting by hand. At­
tach hinge fittings and connect up landing wires. 

Uonnect all wing control wires. 

(b) Adjust interplane wires. In ma~cing this adjustment landing 
wires should be used to get proper aljgnment before adjusting flying 
wires. Then bring flying wires to proper tension (not as taut a landing 
wires). Tightening flying wires may throw wings out of alignment, so 
landing wires should be again checked and corrected ii necessary. 
Checking should be made both for tension and alignment, being careful 
to see that flying wires are not a taut as landing wires and that too 
much tension is not put in landing wires, which may cause buckling of 
strut 

l?Vll ATTACHtO 01!, Sf PA2.AT[ 
1·F==-===~L:":'AM'::=l::':'NA::!T::=f o:==:':~::::::=_=:S::::PRJJC:'::::f=:O::'Q';':M':';A~=:::v:=F-~MA~PU.~011::=ASH;::;';"~====r.r 

-r~-------------12'-o' 

FIG. 15.-BrveJ board for dihedral angle. 

Flying wires from lower inside panel to hull should not be given as 
mu<'h tension as flying wires on outer panels. 

Malec adjustment of stagger wires last, having both at same tension, 
((') Make preliminary checking of alignment b y eye to see if upper 

leading edge is parallel to lower leading edge. Right along wings 
from center section to sec that edge, are siraiO"ht. 

(rl) Check for zero stagger by dropping plumb bob from upper lead­
ing edge, or by using eye if plumb bob is not available. 

(e) Check for dihedral by using a long straightedge laid parallel 
to wing beams with level tube set at two degrees (2°) or by making 
a bevel board with the required angle, using a spirit level on the top 
edO'e. This bevel board should be made in laminated sections of 
three pieces, spruce center, ash or maple on outside. Dimensions 
should be 12 feet long, about l inch thick, 4 inches wide on outside 
end, and 9.03 inches wide on inside end. This give an upward slope 
of the wings laterally of two degrees when the top edge of the board js 
level. (, ee fig. 15.) 

65022- 18- 3 
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As an alternate method, the adjustable level shown in figure 16 may 
he used. 

(f) Sec that all aileron control wires leading to the three horns 
arc given the same ten ion, also that all aileron brace wires arc adjusted 
to keep ailerons from warping. 

16. Attach wing tip pontoons and set wires taut with nose of pontoon 
15½ inches ahead of forward strut socket. 

I X1 X 12-0 UVt,L ~OARD CENTCl2. Of l.MIINATED 5PW::U)Q. MA/-0,ANY 
OJTSlt:t l.Ah\lNATION5 Of MAPL[ DeA5H 

ADJU5TAlli.[ LEVfl 

SPll!IT LEVEL 

Ii< cp 
AOJl'.STI~ NUT 

.Srcr10N Ar A·A 

DETAILS Of ADJUSTABLE. LE.VE L 

FIG. lli.-Adj ust.1blc level for dihedral angie. 

~l 

J 7. ALtach bomb-dropping dcvk s, being C'areful noL to set U­
bolLs up harder than necessary to secure them. 

18. heck length oI no c wires from each side of nose to upper and 
lower wing panels to see that corresponding wires on each side are 
equal in length and of the same tension. This s1uarcs the wings 
with the axis of Lhc hull. (See fig. 27.) 

Do amc with outrigger wires from vertical sLabilizer post to outer 
wing panels. These can be used to take slight twists out of tail i£ 
necessary. 

J 9. Make a general inspection of all wires, clevises, coLter pins, 
turnbuckles, tie-rods, etc., and all connections of any kind to see that 
they are taut and in proper place. 

en 
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Put safety wires ou all turnbuckles after final adjustment of wires. 
Turnbuckles after final adjustment should show not more than three 
threads outside of barrel and not less than ¾ inch ~hank outside of 
barrel. 

20. Attach propeller. guns, and any accessories. 

.FIG . 18.- MeLhoJ of currying panels. 
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TABLE I. - Spec~fic gravit!I equivalents for degrees Baume for liquids 'l'ATILE II. - Melric conversion table. 
lighter than water. 

[English to metric.] 

Formula: Degrees Banme 140 
l~O 

60° ◄ Hundredths Feet to Sp. gr. 600 F. Rn~lish units. ofan inch to Miles lo Gallons to Pounds to 
mi Ii meters. meters. kilometers. liters. kilograms. 

[Sp. gr. taken at 00° F. and referred to distilled water at 60° F.] 

1. ....... - - . - - - 0. 254 0. 304.80 1. 6093 3. 7 53 0. 45359 

Specific Pounds Specific Pounds I Specific Pounds 2. - - - ....... - ., . 508 . 60960 3. 2187 7. 5707 . 90718 

Bauml\ per Baume. 
gaWin. 

Ba111ne. per 3 .............. . 762 . 91440 4. 8280 11. 3560 1. 36078 
gravity. gallon. gravity. gravity. gallon. 4 ...... .... .... 1.016 1. 21920 6. 4373 15. H13 1. 81437 

------
5 .. . ... ... - .... 1. 270 1. 52400 8. 0467 18. 9267 2. 26796 

--- -- - 6 .. ........ .... 1. 524. 1. 82880 9. 6561 22. 7120 2. 72155 

10 1. 0000 8. 33 37 o. 8383 6. 98 64 0. 7217 6. 01 7 .. ......... ... 1. 778 2.13360 11. 265-1. 26. 4973 3.17515 

11 . 9929 8. 27 38 . 8333 G. 94. 65 . 7179 5.98 8 .. .. ..... .. ... 2. 032 2. 43840 12. 8748 30. 2827 3. 62874 

12 .9859 8. 21 39 . 8285 6. 90 66 . 714.3 5.95 9 . . ............ 2.28(i 2. 74321 14. 4841 34.0080 4. 08233 

13 .9790 fU6 40 .8235 6.86 67 . 7107 5.92 10 ............. 2.540 I 3. 0480[ 10:om5 37. 8533 4. 53592 

14 . 9722 . 10 41 . 8187 6.82 68 . 7071 5.89 11. 2. 794 3. 3!i281 17. 7028 41. 6:387 4. 98552 

15 . 9655 8.04 42 . 8139 6. 78 69 . 7035 5.86 12 .. ::::::::::: 3.0-1.8 3. ()5761 19. 3122 45. 4240 5.44.:311 

16 .9589 7.99 43 .8092 6. 74 70 . 7000 5. 83 13 ............ . 3. 302 3. 96241 20. 921.'i 49. 2093 5. 89670 

17 .9524 7. 93 44 . 8046 6. 70 71 . 6965 5.80 l ·l ............. 3. 55(i 4. 26721 22. 5309 52. 9947 6.85029 

18 .94.59 7.88 4.5 .8000 6.66 72 . 6931 5. 78 15 ... ... . ... ... 3.810 4. 57201 24.1402 56. 7800 6. 0389 

19 . 9396 7.83 46 . 7955 6. 63 73 .6897 5. 75 16 . . . ....... . .. 4.064 4. 87681 2,5. 749G H0.565:-! 7. 25748 

20 . 9333 7. 78 47 . 7909 6.59 74 . 6863 5. 72 17 . ............ 4. 31 .5. 18161 27. 3589 64. 3506 7. 71 l07 

21 . 9272 7. 72 48 . 7865 6. 55 75 .6829 5.69 18 ............. 4. 572 5. 48641 28. 9682 68.1:360 8 . 16466 

22 . 9211 'f.67 49 . 7821 G. 52 76 . 6796 5.66 19 ..... ........ 4.82() 5. 79121 30 5776 71. 9213 8 61826 

23 . 9150 7.62 .50 . 7777 6. 48 77 . 6763 5. 63 20 ... -- -- -- .. -- !i.080 (j, 09601 :32.1869 7.5. 7066 9, 07185 

24 . 9091 7. 57 .51 . 7735 6. 44 78 ,(\730 5 . 60 21 .. .. ... ... . .. ,5.:{;H G. 40081 33. 79G:3 79. 4920 9 _.5254,1 

25 . 9032 7.53 52 . 7692 6.41 79 .6698 5.58 22 ........... - - .5 . .588 fi. 70561 3f>. 40.'i(i , 3. 2773 9. 97903 

26 .8974 7. 48 53 . 7650 6.37 80 . 6666 5.55 2:L ............ ii. 842 7. 01041 :n. 0150 87, 0626 10. --13263 

27 . 8917 7.43 54 . 7609 6. 34 81 .6635 5 52 24 .. .... ...... . 6.096 7. 31.521 38. (i243 90. 8480 10. 88622 

28 . 8861 7.38. 55 . 7568 t~~ I 2 . 6604 5.50 25 . .. ... ... .. -- 6. 3/iO 7. 62002 40. 2337 9+. 6333 11 . 33981 

29 .880.5 7.34 50 . 7527 83 . 6573 5. 48 2G ............. 6.(i04 7. 92482 41. 8~30 98. 41 6 11. 79340 

30 . 8750 7.29 57 . 7487 I), 24 84. . 6542 5. 45 27 .... _. ___ .... (j , 858 8. 22962 43. 452--1 102. 2040 12. 24700 

31 .8696 7. 24 58 . 7447 6. 20 8.5 .6511 5.42 28 ............. 7.112 8. 53442 45.0()17 105. 9893 12. 70059 

32 .8642 7. 20 59 . 7407 ti~ I 
80 . 6481 5.40 29 ............. 7. 36G 8. 83922 40. 67ll 109. 774(i 1:l.15--118 

3:3 .S.589 7. 15 60 . 7368 87 . 6451 5.38 30 ............. 7.620 9.14402 48. 2804 113. 5GOO 13. 60777 

34 . 8537 'i.11 61 . 7329 6.11 83 . 6422 5.36 31. ........ .... 7.874 9. 44882 49. 8898 117. ;3453 14 . 06137 

35 .8485 7. 07 62 . 7292 6. 07 1 89 . 6392 !i. 33 32 . . .. ......... 8.128 9. 753fi2 5l. 4991 121.130<l 14. 5149G 

36 .8433 7, 03 63 . 7254 6.04 90 .6363 5. 30 3:l. - .. - . - - - - - - - 8.382 10. 0[)842 53.1085 124.. 9160 14. 96855 
34 ...... ... . ... 8. u:l6 10. 3fi322 5-l. 7178 128. 701:3 l!i. 42214 

I ------- :35. - - - . - - - - - - . - 8.890 10. 6(i802 5fi. 3272 1:32 . 4866 1.5. 87573 
3fi. -- ...... --- . 9.144 10. 97282 57. 9365 1:3fi. 2720 Hl. :32933 
37 . .. ......... _ 9. 398 11. 27762 59. 5458 140.0.573 16. 78292 
38 ............. 9 652 11. 58242 (jl. 1552 143. 8426 17.23651 
39 ............. 9. 90(i 11. 88722 (i2. 7()45 147. G280 17. 69010 
40 ............. 10. mo 12. l!J202 64. 3739 151. 4133 18.14:{70 
41. ............ 10. 414 12. 49682 65. 9832 1.55.1986 18. 59729 
42 ............ . 10. G68 12. 80163 fi7. 5926 158. 9840 19. 050, 8 
43 ... . ......... 10. 922 13.10643 69. 2019 162. 7693 19. 50447 
44 ............. 11.176 13. 41l23 70, 8113 ](j(j, 55[6 19. 95 07 
45 ... . . ... .... . 11 . 430 13. 71603 72. 4206 170. 34.00 20. 41166 
46 ............. 11. 684 14. 0208:3 74. 0300 174.1253 20. 86,525 
47 ............. 11.9:-!8 14.!32563 7:i. fi:393 177. 910G 21.:nsso 
48 . ...... .... .. 12. 192 14. 630--1:l 77. 2487 181. 6960 21. 77244 
49 . .. -- -- --- . -- 12. 446 14. 93!">23 78. 8:,80 18.5 . 4 13 22. 22(i03 
50 . . . -- .. --- ... 12. 700 1.5, 2·1003 80. 4674 189. 2(i6fi 22. 67962 
100 ... -- - - ..... 25.4.00 30. 48006 mo. 9347 378. 5330 45. 35924 
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fotric units. 

-

L .......... 
2 .. -- - -- . -- . 
3 ........... 
4 ........... 
5 .. -- .. - . - --
6 ........... 
7 ........... 
8 ........... 
9 ........... 

10 ........... 
11 ........... 
12 ........... 
13 ........... 
14 ........... 
15 ... ........ 
16 ........... 
17 ........... 
18 ........... 
19 ........... 
20 ........... 
21 ........... 
22 ........... 
:rn ........... 
24 ........... 
25 ........... 
26 ........... 
27 ........... 
28 ........... 
29 ........... 
30 ........... 
31 ........... 
32 ........... 
33 ........... 
34 ........... 
35 ........... 
36 ........... 
37 ........... 
38 ........... 
39 ........... 
40 ........... 
41. .......... 
42 ........... 
43 ........... 
44 ........... 
45 .......... . 
46 ........... 
47 ........... 
48 ........... 
49 ........... 
50 ........... 
00 ........... 
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TABLE III.-Metric conversion table. 

[Metric to English.] 

-- ---

Millimeters Meters to f:iet. Kilometers Liters to 
to inches. to miles. gallons. 

-

0. 0393i 3. 28083 0. 62137 0. 26418 
. Oi874 6. 56167 1. 24274 . 52836 
.11811 9. 84250 1. 86411 . 79253 
. 15748 13.12333 2. 48548 1. 05671 
.19685 16. 40417 3. 10685 1. 32089 
. 23622 19. 68500 3. 72822 1. 58507 
. 27559 22. 96583 4. 34959 1. 84924 
. 31496 26. 24667 4. 97096 2.11342 
. 35433 29. 52750 5. 59233 2. 37760 
. 39370 32. 80833 6. 21370 2. 64178 
. 43307 36. 08917 6. 83507 2. 9059.5 
. 47244 39. 37000 7. 4.5644 3. 17013 
. 51181 42. 65083 8. 07781 3. 43431 
. 55118 4.5. 93167 8. 69918 3. 69849 
. 59055 49. 21250 9. 32055 3. 96266 
. 62992 52. 49333 9. 94192 4. 22684 
. 66929 55. 77417 10. 56329 4. 49102 
. 70866 59. 05500 11. 18466 4. 75520 
. 74803 62. 33583 11. 80603 5. 01937 
. 78740 65. 61667 12. 42740 5. 2 355 

2677 6 . 89i50 13. 04877 5. 54773 
6614 72.17833 13. 67014 .5. 81191 

: 90551 75. 45917 14. 29151 6.07608 
. 94488 78. 74000 14. 91288 6. 34026 
. 9 425 82. 02083 15. 53425 6. 60444 

1. 02362 85. 30167 16.15562 6. 86862 
1. 06299 88. 58250 16. 77699 7.13'280 
1.10236 91. 6333 17. 39836 7. 39697 
1.14173 95. 14417 18.01973 7. 66115 
1.18110 98. 42500 1 . 64110 7. 92[>33 
1. 22047 101. 70583 19. 26247 8. 18951 
1. 2,5984 104. 98667 19. 88384 8. 45368 
1. 29921 108. 26750 20. 50521 8. 717 6 
1. 33858 111. 54833 21.12658 8. 98204 
1. 37795 114. 82917 21. 74795 9. 24622 
1. 41732 118.11000 22. 36932 9. 51039 
1. 45669 121. 39083 22. 99069 9. 77457 
1. 49606 124. 67167 23. 61206 10. 03875 
1. 53543 127. 95250 24. 23343 10. 30293 
l. 57480 131. 23330 24. 85480 10. 56710 
1. 61417 131. 51417 25.47617 10. 83128 
l. 6fi354 137. 79500 26. 097[>4 11. 09546 
1. 69291 141. 07583 26. 71891 11. 35694 
1. 73228 144. 35667 27. 34028 11. 62381 
l. 77165 147. 63750 27. 96165 11. 88799 
1. 81102 150. 91833 28. 5~302 12. 15217 
1. 85039 154.19917 29. 20439 12. 41635 
1. 88976 157. 48000 29. 82576 12. 68052 
1. 92913 160. 76083 30. 44713 12. 94470 
1. 96850 164. 04167 31. 06850 13. 20888 
3. 93700 328. 0 334 62.13700 26. 41 i76 

- -

I 

Kilograms 
to pounds. 

2. 2046 
4. 4092 
6. 6139 
8. 8185 

11. 0231 
13. 2277 
15. 4324 
17. 6370 
19. 8416 
22. 0462 
24. 2.508 
26. 45.55 
28. 6601 
30. 8647 
33. 0693 
3.5.2740 
37. 4786 
39. 6832 
41. 8878 
44. 0924 
46. 2971 
48. 5017 
50. 7063 
52. 9109 
55.1156 
57. 3202 
59. 5248 
61. 7294 
63. 9340 
66.1387 
68. 3433 
70. 5479 
72. 7525 
74. 9572 
77. 1618 
79. 3664 
81. 5710 
83. 7756 
85. 9803 
88.1849 
90.3895 
92. 5941 
94 . 7988 
97. 0034 
99. 2080 

lOL. 4126 
103. 6173 
105. 8219 
108. 0265 
110.2311 
220. 4622 
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'l'ABLE IV. - Variation of wind velocity with altitude during the day. 

Elevation. 

Sw·face ....... . 
500 feet.. ..... . 
1,000 feet. ... .. 
2,000 feet ..... . 
3,000 feet .... .. 
4,000 feet ..... . 
5,000 feet . .... . 

7 
8 
8 
8 

10 
13 

Velocities in miles per hour. 

10 
15 
18 
18 
18 
19 
20 

15 
21 
26 
28 
29 
29 
29 

20 
28 
34 
37 
40 
40 
40 

25 
35 
43 
47 
49 
50 
50 

TAB LE V. - Variation of direction of wind and altitude. 

[Upper region winds vary in direction from those near the earth's surface. The amount 
of deviation is given approximately in tho tabulation.) 

Devia-
Elova- tion to 
tion. right in 

degrees. 

Surface ... . 
500 feet ... . 
1,000 feet .. 
2,000 feet .. 
3,000 feet .. 
4,000 feet .. 
5,000 feet .. 

0 N . ........... . 
5 N. ~ E ....... . 

10 N. by E ...... . 
16 N.byE.}lL 

~6 ~N1B'.~:.;::~:: 
21 NNE ....... .. 

r irections. 

E ............ . 
E. ~ S ....... . 
E. by S .. .... . 
E.byS.~S .. . 
E. by S. ~ S .. . 
ESE ... ...... . 
ESE ......... . 

S .... . ....... . 
S.1 W ....... . 
S. by W ..... . 
S . by W.1 W. 
S.byW.}W. 
SSW ......... . 
SSW ........ .. 

w. 
W. ~N. 
W.byN. 
W. by N. ~ N. 
W. by N. t N. 
WNW. 
WNW. 
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TABLE VI. - Compass points and their equivalents. 

Points. I • 'I Pofat.,. I . , Points. Points. 
0 00 N 90 00 E 180 00 s 270 00 w 
2 49N E 92 49 E ¼ S 182 49 S}W 272 49 W}N 
5 3'l N E 95 38 E} S 185 3'1 S!,\V 275 3 W!.N 

8 26N E 98 26 E :1 S 18 26 spv 278 26 W4N 

11 15 N by E 101 15 Eby S 191 15 SbyW 281 15 WbyN 
14 01 hyE! E 104 04 ESE"- E 194 04 SbyWJ W 284 04 w wiw 
16 53 N by E 1 E 100 53 ESE 1 E ]196 53 S by W ! W 286 53 WNW½W 
19 41 N by E ~ E 109 41 ESE IE 199 41 S by W :1 W 289 41 WNW!W 

22 30 NNE 112 30 ESE 202 30 SSW 292 30 w w 
25 19 NNE¼E 115 19 Sh by E E 205 19 SSW¼W 295 19 NWbyW}W 
28 0 NNE ·~ E 118 08'SE by E E 208 08 ssw1w 298 0 WbyW1W 
30 56 NNE:1E 120 50 SE by E E 210 56 sswiw 300 56 NWbyW!W 

33 45 NEbyN 1'23 45 SE by E 213 45 SW by S 
36 3l NE'/ N 126 3·1 SE~ E 216 34 SW¾S 
39 23 NE 1 N 129 23 SE 1 E 219 23 SW 1 S 
42 11 NE l. 132 11 ' E 4 E 222 11 SW 4 S 

45 00 NE 135 00 E 225 00 SW 315 00 NW 
47 49 NE~E 137 49 SE 1 S 217 49 SW{ W 317 49 w \ . 
50 38 NE1E 140 38 SE 1 S 230 38 sw1w 320 38 NW} 
5;~ 26 NE :l E 143 20 STq S 233 20 SW;JW 13:23 26 NW~N 

56 15 NE byE 146 15 SE by S 230 15 SWbyW 1326 1,5 NWbyN 
59 04 NEhyE E 149 04 SSE'/ E 239 01 SWbyW W :3·290 1 NNW"W 
61 53 NE I>)' E E 151 53 SSE.', R 24 1 53 SWbyW w 3:na:1 NNwlw 
04 41 N I~ by E E 154 41 SSE f E 244 41 SWbyW W :~3! 41 NNW\W 

67 30 ENE 157 30 SSR 247 30 WSW 337 30 NNW 
70 19 ENE 1 E 160 19 S by E ~ E 2/i0 19 WSW~ W 310 19 NbyW~ W 
73 08 ENEiE 163 08 S by E ~ E 253 08 WSW~ W I :H3 08 NbyW ~ W 
75 56 ENE i E 105 50 S by E \ E 255 56 WSW;JW :HS 50 N by W~ W 

78 45 Eby N 108 45 Shy E 258 45 WhyS 318 45 NbyW 
81 34 E;JN 171 34 S 'l E I ~~~: 

w =:s 351 31 N;JW 
4 23 E}N 174 23 S .', E w 1 s 1351 23 ~w 

87 11 ElN 177 11 SfE 267 11 W ,\ S 357 11 N~W 

TABLE V IL - Equivalent value in degrees of each .fractional division of 
the compass lo th e nearest minute of arc. 

point equals ........................... . ............... .... 1 24 
¼ point equals..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 49 
-~ point equals ........ ........... . ... .. ...................... 4 13 
1 poinL equals .......... : ............................ . .... . .. 5 38 
5 point equals ................................. . .. . ...... . ... 7 02 
J point equals ...................... . ............ . ........... 8 26 
} poi.nt equals..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 51 

DATE SHlll'PEO 

•o•• ao 1,,.,. 1 11 ■ , u.i, 

ns- n ., FLYING BOAT IIANDTIOOIL 33 

PACKING SHEET 

CURTISS AEROPLANE AND MOTOR CORPORATION 

SALES ORDER NO--- ­

CONTRACT NO•----

Hull BOX1 
.......... "'"! --

HS-lL 

l 5"P:CIAL MARKS 

7 

i ~~!in;u~!b~~mple te equipp~d with dual dep. eide by e1de 

a Ritt, and 
a ;~ t~ ~;~!!r:1ree complete with turnbuoklee, ahacklea &. pine 

l Gunner' a oookpi t equipped •with he.toh oover a.rd 
8 bol te with nuts a.nd lock we.she re i ;~:~~ifn moun t with single gun flexible gun mount 

l Right, a.nd 
l Left aileron · control ' cables 1 Pil ot • e cookp1t hatcb door for gas ta.nka 

2 
~~;~y''t!~t~aolc & bottom cuahiona 1n pilot's cockpit 

a Rudder foot bare complete w1 th: 
a l right and l l e ft control 

a Up~er ;1~~t !~~vator control wires with turnbuckles & 
ehacklea with bolt, nut and cotter 

a Lower rip;ht, and 
a • left elevator control w1rea with turnbuckles & 

ebacklea .,1th bolt , nut a.nd cotter 
l Wind sb1elc1 

----------
Inetrumente 1n p1io~•; ~o~k:;1;:- - - - - - - - -

l Tachometer 
i i~:=~~~r 

8
~~~~~nicat1 on set between cookpi ta 

l OU gauge 
l Air apecd meter 
l Aneroid 
l Co111pau, 111 th: 

3 Electric bulbs 
4 Compass ma.gnetio st1cke 
l • mirror 

l Clock 
l Incl1noite t e ,.., transverse a.nd loni;ltudinal 
l Storage battery 
1 Water thermOl!leter 
l Light w1 th b racket a.no e"1 tch 
1 Dry Cell B'l.ttery 
1 Hand. purep 
l Pyrene 
l Spark control lever with control wires. 

t··---·· 
Frn. 28.-BoaL hull box packing sheet (1). 
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;::: .,,,,~ox .. 
~E Ii 3r -0 

if.3-U 

QUUI• 

"" 

l 
J 

J 

' ; 

J 

J 
l 

6 
2 

l 
1 

4 
2 

4 

1 
l 

4 
4 

4 

JIS- lL FLYING BOAT HANDBOOK. 

SHEET N0.-
2
-­

PACKING SHEET 

CURTISS AEROPLANE AND MOTOR CORPORATION 

G'.t.s co1~tr~l le•ter v.,1 th c<introl 'l'l rer, 
Si-gh t f&ed oil gauge 

SALES ORDER NO---­

CONTRACT H,,.~----

.J ... ............. , ···-

G:Jn tanks and gauge~ 
Wind!,,.ill p1.::11p including fan &. dnving rr.echGn ian 
r-1l~;c pump 
Lenistho of coppPr tubin~ for eno line 
Hand hole covers in nlac~ 
Bolte with nutn &·10Ck wa~!1t.-rn for 11 V" bro.ce b~low 
deck co·,er 
Gasoline shut off lever 

- -- --------- -------------
R1r)1t upper , nnd 
Left " ailerons, each complete with: 
6 Sets of brace wires, each complete with 3 turn• 

buckles, l shackle with pins & cotters 
Hinges complete with hinge pins & cottera 
Aileron connecting rod sockets with llolte, nuts & 
lo ck washers 
Right lower, and 
Left " ailerons, each complete with: 
2 Aileron connecting rod sockets 
Hinges complete with hinge pine & cotters 
Brace sockets on sides aft, each complete with: 
1 Bolt, nut & lock wa:,her 
1 Cable with turnbuckle & shackle 
2 Pins &: cotters 
1 Cable with turnbuckle, pin, cotter, eyellolt, nut 

& lock washer 
Bolts, nuts & · 1ock washers for attaching verti. cal 
stabilizer on top of hull 
Tail s!<id cleat on bottom of hull 
Outrigger brace wires with turnbuckle complete with 
pins & cotters 
Hinges 
~race sockets, each with: 
1 Bolt, nut &: lock washer 
3 Pins & cotters 
4- Bolts, nuts & cotters 
1 Plate 
Tenninal s . ea ch vri th: 
2 Bolte, nuts & cotters 

-------- ---------- - -- ---
Assembly parts: 
Outrigger with; 
2 Cables & turnbuckles complete with pins & cotters 
6 Bolts, nute & lock washers 

I .. K ..... 
, .......... . 

Fm. 29.-Boat hull box packing sheet (2). 

HS-1 2 

' 
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IIS-lL l•'LYING flOA'l' HANDBOOK. 35 

SHEET N0.--3---

PACKING SHEET SALE'S ORDER NO,----

CURTISS AEROPLANE AND MOTOR CORPORATION CONTRACT NO----

==-~--~~'-'=fl~ ... ~ .. -~--,.~ .... ,==, ~ ... ~ .. = 
.~:;-•••, :~~.::; .. J • .G.ov_t , k:~ 

"V" engine bed braces, each conplete with: 
2 Brace wires complete with turnbuckles on one end 

1/,. shackle on the other w1 th pins & cotte rs 
3 Section gas line tubings 
Vertical engine bed braces 
Metal engino sect~on strute 
Engine beds, each with: 
14 Bolts, nuts & lo ck waohers 
1 Plate 
5 Washers 
2 Terminals 
2 Brass wood screws on left bed 

f;~t~i~n~anks complete with brackets, & 
4 Bolts, nuts & cotters 
Cravi ty gas tank with: 
3 Straps 
Radiator complete with. connections 
Wing pontoons, with: 
·4 Braces 
4 Brace wires on each 
Aileron connecting ;rc,ds 
Pairs of aileron operating braces with; 
24 Bolts & lock washers & nuts 
Pair of rudder operating braces. with: 
4 Bolts, nuts & lo ck washers 
Pairs of E!levator operating braces, with: 
4 Bolts, nuts & cotters in each 
Front, and 
Rear horizontal stabi 1i zer braces 
Wine s truto 

Inter,mediate wi~g otrutn#3 with venturi c nozile &: 

tubing 

Tail nkid 

~~!1
~~ 0 ~

0!f t~1
~!~hometcr ~ha ft & distributing wires & 

3 Bblts , nuts & lock wanherG 
Length of ¾" copper tuting 
Set of. general arrangement plans 
Bomb dropping device complete with: 
2 Cradles 
2 Wiren 
2 Control eye 
Coil of' copper saf ety wire 

I c•« .. ••• 

FIG. aJ. - Bo1t hull box p:1eking sheet (3). 
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c»T& aHl,,,,ED 

HS- lL l•'LYI G llOAT HA DBOOIL 

4 
SHEET NO--­

PACKING SHEET 

CURTISS AEROPLANE AND MOTOR CORPORATION 

SALE'S ORDER NO.----

CONTRACT N ..... ..,__ __ _ 

BOX .~::"'·1'"'"""1 -·-- .o.,.,r ... 1······· ....... ,I .•. ,.. 

; 

IUU• 

"" 

i -

1 

l 

~ -
1 

NAME o, PART 

16 G;~ 3/8"'x-19" tube with bell crank 
1/2 II X 8 II II II ti 

Leve r for distributing 
Yoke with p1n & cotter pin 
Rod di stri bu ting control with yoke & pin key 
#O split taper pins 
Wood priming block , with: 
4 Brass screws 

Gasoline syotern assembly containing the followin i;: 
Carburetor bushings 
3/8" gas lines compl e t e 
Carburetor coupling 
Filter complete ,vi th: 
1 Nipple 
1 Tee 
1 St op cock 
1 Brass bushing 
1 Hose connection 
2 3/8" elbows 
~ !4~ ':'i : e _g~ul$e,_ s~ r~i~e: _ _ _ _ _ _ _ _ _ _ _ 
Li berty adap t er 
1/8" primer tube and 2 brackets 
Gravi ty tank ga o pipe bracket 
iiPPe~ ;nd io;e; 211 -w;t;r-pip; .. - - - - - - - -
4 2" x 3{-" hose connections 
~6 _ W:_ r~ :l~!;B _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 

i11
3,is~\~'\ten~~i~~n~~e/i!~;~;~\ut o & l ock washer 

3 Oil pipes 
2 p1m1p e l bows 
2 nuts 
7 3/4" x 3l" hose connections 
28 Wire hose clamps 
1 Right overflow pipe 
1 Left 
4 01 1 overflow pipe bushings 
91~ !?r~s:!u:e_g~u~e_lino _ _ _ _ _ _ _ _ _ _ _ 

Gasoline shut off asse.bly with: 
1 Bronze pulley 
1 Rod & bracket 
t ggli:;r~s~~lf~~pling &- sp] it pin 
2 Bowden wi re guides 
1 Control cable with 2 turnbuckles 

~/8:a~~~!~
0

i o~~l!: sh:;;h~ t"el t pads 
Starting crank bracket 

1 ••« .. • •· 

FIG. 31.-BoaL hull box packing sheet (4). 
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DAT& •Hl,.,-£0 PACKING SHEIIT AALU OflDU, NO----

".""•• • Hf-lll•■ •U•tl 
CURTISS AEROPLANE AND MOTOR CORPOR/<TION CONTMCT ,t0 ___ _ 

Panel -BOX1 
MACNUt■ NUlll.111 _l " • 0 e, 
.... I .. ,~00 ,~ovt. u•--•-••1 --

DIMEN&loNs OP' SOX: I SHIP TO J ANCIAi.llMl'KII 

I I 
I 

~S-lL 1 Right upper, and 
1 Left " panclo including insienia on uppC'r si,ic 

of each 
20 Cables & turnbuckleo complete w1 th pin~ 8. c<'ttcr~ 
4 Post socket o with b0lts, nuts & cotters 
3 "ll" bolt s 
3 Pulleyo on upper side of each panel 
4 Ail eron cnbl eo with ) turbbuckl en with pin,; & 

cottero canpletc on upp r side 
2 Aileron guides 
1 .Nose wire terminal on lower side 
4 Pulleys on lower uide 
4 Aileron cable,:; vii th J turnbucklcG with ptn~ k 

cotters complete on lowrr sid,? 
2 Non-okid soc ke t s wi·th bolts .:I: lock V1.:<sr.crn 
2 Hinge,; wi th spli t pins & cotters 
2 Nooe wire te:rminn-1s on urpe r :aJ<' 

l Right lower, and 
1 Left " panels , includ1 ng i.n.cignia on l ower ~1 ·le 

of each: 
4 Post sockets with bt>lto , nuts & cottero 
l Eyebol t on lower side 
4 Pontoon wires with turnbucl:lc9 canpletc 
2 HinBeo with. split pins & cottcr o 

Right intcnnediate, and 
Lef t " panels, each W'ith. 
2 Post socketo colnplct.e with bolt.a , nut o !, cott~r~ 
2 Wing hinge pine with taper split pino & co tt0rs 

in hinges 
4 Cables & t=nbu.ckleo canplete with pins & cotter:; 

- - -. - - - - - - - - - - - - - - - - - - - - - ·• - .. 
2 Non-skids, each with: 

4 Brace wires with turnbuckleo , pins, cotter:; & 
cables 

Eneine section panel wi tb : 
25 Cables &- turnbuckles complete w1 t..'l pinn & cot t ers 
7 Pont sockets 
6 Clam.:p f1 ttings 

, ....... .. I'"'"""••• 
FIG. 32.-Panel box packing sheet, (1). 
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HS·lL 

IIS-1 L FLYING BOAT JI NDBOOIL 

SHEET NO__G__ 

PACKING ~HEET 

CURTISS ,AEROPLANE ANO MOTOR CORPORATION 
SALES ORDER NO---­

CONTRACT NO•----

BOX .... 1'""".'I I"' 
Govt, B,L. NAM~ OP' PART 

1 Aileron connecting wiree with 4 gu1dea 
l Tank streamline 
l Felt pad 

Horiz.ontal stabilizer compl ete with: 
4 Brace sockets 
3 Bolts, nuts & lock washers 
2 Lugs for rudder brace cat l cs 
l Brace lug 

, ............... I •••••. 

Rudder complete with nUir.ber & 1ns1enia, and 
2 Se t s of brace wires ccr.iplete with 2 turnbuckles 

& l shackle with pins and cotters 
4 Hinge a canplete with hinge pin a 
2 Guy ~,ires for r udder w! th turnbuckles, shackle a 

&: pins \'Ii t h cotters 

~---------------------------
Pai r of elevators each complete wi t h: 
2 Sets of brace "l r es with tu rn buckles, pins & 

cotters cor.iplete 
3 Strap h1 ngee on each with "U" bolt a. nute & «>t.tere 

Ve r tical etab1li zer complete w1 th: 
2 Pl ates 
17 Bolts , nuts & lock washers 
3 Stern po st plate a 
l Post socket 
l Forward clip, bolt, nut & lock washer 
3 Hinges, bolte & l ock washers 

21 Strips of streamline 
i Roll of tap e 

l,m ..... I .... oc ... ,. 

FIG. 33.-Panel box packing sheet (2). 

JIS-1L FLYING BOAT ITANfJC001,. 39 

PACKING SHEET aALU O,.Dl:lt NO----

. CURTISS AEROPLANE AND MOTOR CORPORATION 

BOX! 

l 
1 
l 
J 
12 
l 

"" 1"''0"'' 1 r 
I ::a_H_.,.. ____ ;.

1 
j_•_H'_"_To--------1 

..,.LUC.L "'' iav1,,1,,14 nu. .:,.~.NO• 

Primer with tubing 
Hand starter w1 th handl e 
Spark plug wrench 
Test sheet 
Exhaust pipe manif1, l d ga sketa 
Hub No, 

, , ........ j , .... "'." 

FIG. 34.-Molor box packing sh eel. 

65022- 1 -4 

................ I ...... 
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PACKING SHEET .ALU ORDER NO. ___ _ 

CURTISS AEROPLANE AHD MOTOR CORPORATION CONTRACT NO•----

nopeu e r BOX I •••••..•••• ,,, •• 1 ... - . 

DIMENSIONS o, BOX; SPECIAL MARKS 

"-; S-lL II. :-opeller No . compl e t e , drHl cd, ready for 
'ub, 

t"""··· 1 ......... .. 
FIG. 35.-Propeller box packing sheet. 

HS-lL FLYING BOAT HANDBOOK 

MEMORANDA. 

41 



42 IIS- lL l~LYING BOAT HANDBOOK. 

MEMORANDA. 

IIS- JL l~LYING BO.\'l' HANDBOOIL 

MEMORANDA. 

43 



44 HS-lL FLYING BOAT IIA DBOOIC 

MEMORANDA. 

Fig. 9.-HULL BOX: PLAN AND LONGITUDINAL 
SECTION. 
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~ PAt>D'"S.) C -~ -- '--D ~ I 
---A L...-B C'f'T ~~ ~ ....... ,. 14~1~ t-3¾ 

l"\U:)LIN C.OVElt""7 -EllCEL3\0Cl.. FILL 1----------------12. 'FT'---------------! 
•••= LONGITUDINAL :lE.CTION THRU• X-X NoT&.. t,<I•~ 

~AC£!1o l"\A~t(f..0 2..ltG)( 7 ..,,._ OVEe. 

FINS AT ~UI-.L .510E.Z. TO e,E,. PADDEO 

.,4!1o PElll.. DLT.AIL - COVB.R. WITI'-' ·.s"l'~ONG. 

MU.SLIM-we.~ TACIC.EO ,-o .3tOf.S·ANO 

THEN .:SOLIDLY PACKl!O Wl,.H E.XC..:L-

3lo'L.-C.i..O;)E. ENO~ AF""TE-R f'ti..ui-,c;;; 

FIG. 9.-Hull box: Plan and longitudinal section. 

NOTE:-N•2. 
--si'cur:iE. IN P051TIO"f INOK:AT£0 FOUR_ WROUGHT-IQON 'elAR.5 · .!ixt -TWO ON EACH jtDE-

BE.NT A~T 5 UNOf.R... l"lc>)( ANO OVER TOP A':1- SHOWN - 3ECU~E ON S10E:) NEAR. TOP J\N[l, 

~OTTOM '-IITt-1 yxs LAG :iCREW:a AND IN !)f.JWf..e.H AT eATJJ!N i;.:io,,-.,tT:) WITH "5x 4? .fiOL"T~­

FQUR. ~HAC)(.LE!I ¥Co.8,.<\-<;;,_ e, l=>EI\L3 A co 1"\A.r<f. AQ.E TO ac. BOLTe:o TO BA!Z:'J AND 

CONNEC.Te..Q TNERE. WlTHTwc.¾ WIRE c::'.A6LE..:S WITH e.ND~ LOOPE.D -WIRE.O AHO jQLO[R.E.D • 

TtU!"S~ CAOLf!.!) TO aE H FT• 9 LONG - FOR USE. WHf.N ._ HANDLING WITI-\ H013TIN6 TAC)(L.~ , 



Fig.10.-HULL BOX: TRAN&JVERSE SECTIONS. 
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I 

3iNCli ~CALE. DETAIL- PLAN 

AT A LL 130TTOM CORNERS 

NOT[:- ½ )( RANOOM WIDTH &OARD~ - LAID VtltTICAL ON 5,ID[~ 4 E.ND~ 

~ AN() AT RIGHT ANGLE 5o TO 5'1Df..S ON TOP cl.~ 
:)Al'\f.. FOR INNE.R LINft~<,, ONTOP•.110t.~ .:!. EN0~ 0 LAID 

DIAGONAL TO THl. A&OV!. • 10E.T'i1J£E.N THl:a OOUf)Lf. 

TOP-~IOE 4 END oo.-:,N<, A LAYElt. 01" OAMP ­

P'K.OOF PAPC.tt. l:tTO DE LAID - AN ADDITIONAL. COVE.~­

ING OF .Tt-tt. .)AME. t<IMO 0,-. PAPf.R l!>TO LA IO Ole.Kt 

ALL IJt,,ITl!R.IOR.. LINIW~ ~URF A C.~5 INCLVD ING eoiTO'"\, 

=:tfCUJtE.LY TACt<E.D, 

3 INCH ~CALE. DETAIL - ~ECTION 

THRU C,OHO/'\ ~ND tNO 

JNTERIOl2 l:.LE.VATION AT ~ TERN END 

Fm . 10.-Hull box: Trnnsvers sections. 
65022-18 



42 Fig.11.-HULL BOX: TRANSVERSE SECTIONS. 
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65022- 18 

INTERIOR E.LE.VATIC)N AT BO\J END 

E',1 LL OF MATU:Z.IAL (CON"TINU~O) 

· PACKING MAl~RI.AL 

4 3 X T WtOIIG•H· lllOH t!IAI) ~ 8 f'T. LONG 

4:!!': CiAl.V.l't°" ~l<Lcs*E!S46-f.llULlM" 

2. . j INCM .... 1R-£_ CA&C::lo- 1 ) YT 6 LONC., , 

30, lRDtOJUTE 
&o LIM f'T. N• z.q GA• GALV- 50FT tJMflll.C. WIRC. 

So• • N° 1e GA· " 
I?. -,OS ..-,:tC0\11/t.ll~C "llllt ,u.u,-,1 .. G PJIRT~ 

IU "0 , TT~ , .. ,i(! t•• :,rw Pllit.o<· PAO,> 

I :SE.CTION D-D 

HOJE. 4'.-
G.RAV-l'T Y ,'MO QIL 'TANK'S TO &E. 

!5ET QN 2)(4 WOU> ~T~INC..tlt..:)­

,3TA: ,NC.li'..'l:. TO •£ PADDED F llL'­

LE.NTH -AND IA,,U(:) HELO DOY.,M 
""1T.-. ,:WEa&,Nc;. .:)TRAP~ .:1Ecu,e..o 

~-

'" . --~ 

158800 

FIG. 11.-Hull box: Transverse ections. 



42 Fig-. 17.-CHART OF PANEL ERECTION. 
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I 

- ?'J"-.- :;; , - - - -- --- - --------- ---- --r--,,,. .... r,....,_,,'71'", '\J 
..,'( )-<.. l 1 > , 1 .,,,, 1 \o,, 

f-""1!.:lL..------1 
I • 

leodin Ed e I 

FIG. 17-Chart of panel erection. 

@ Assembly of enti.-" unit to EnC\1ne 5ec +.on 

(2) F01steninq of wires to En,fne Sec.tion f itt in9s- vpper arid low<tl', 

Note- Fo.- O,mensions of e\op. Sto.a.9er, etc:. see C.A.Co Ow9. ~o. Go':loo 



42 Fig·. 21.-CONTROLS. 



==i;:::::::=ll!i~!i"_'i'tcce~_::--:.=·~ -~-#~'.'fC~ 

-~~ -~:: -

120700 

FIG. 21.--Controls. 
65022-18 



]fig. 22.-MOTOR CONTROL. 

I. 



344600, 
Fm, 22.-Motor control. 

65022-18 



42 Fig. 23.-FITTINGS DIAGRAM. 

< 

[ 

I-
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~'
~ 
Zo Atl!RON HINGr PlNj 

ZO COTTr:R:S 

JS--e400 
FIG. 23.-Fittlngs diagram. 



42 Fig. 24.-TAIL UNIT. 
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Fig. 25.-SIDE ELEVATION. 
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FIG. 25.-Side elevation. 
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Fig. 2.6.-FRONT ELEVATION. 
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42 Fig. 27.-PLAN. 
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