


General Design Requirements
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GLIDE RATIO AND STALL SPEED

From the above chart, it tecomes immedia-
tely obvious that the most afficient ul-
tralight aircralt have both a flat glide
-and a low stall speed. Such cralt require
less power to maintain level flight. To
achieve -this goal, a low span loading,

low wing loeding, snd a clean deslgn are
necessary. The older type rogallos and
gllding parachutes had very low wing load-
ings, but very high span losdings, resul-

/—_— AN : v
I><

RIGH DRAG CONFIGURATION.

Gross: 350 1lbs. i

Glide ratio: 6/1 @ 30 M.P.H.

.7 thrust H.P. needed ror level rlight,
7.8 brake H.P. needed with 60% efricient
propeller.

15/1 ll)l g/x &l 5/

LOW_DRAG CCNFIGURATION

x

L’

ting in a very steep glide angle, 4 typ-
lcal rcgalle grosasing 250 1bs needs a 12
H.P., engine to maintain level Ilight at

25 M.P.H. A high performance sailplane
grossing 1100 lbs requires the same 12 H.P.
engine to maintain level flight at S0 M.P.H.

Very often, ultralight aircraft defeat

- their purpose with excess drag and high

span loading that must bs compensated for
with a powerful engine capable of pulling
a conventional aircraft. The samples
below speak for themselves.

Gross: 350 1lbs.

Glide ratio: 1/l &€ 30 M.P.H.

2.0 thrust H.P. needed for lavel flight,
. 3.4 brake H.P. nesded with 60% efficient
propeller.




General Design Requirements

¥~ 0°T10 &°

6 degrees dihedral for high wing
Ultralight without ailerons or
spoilers.

0 to 2 degrees dihedral for high
wing ultralight with ailerons or
spoilers,

6 degrees dihedral for low wing
ultralight. ( All low wing ultra-
lights must have ailerons or
spoilersy.

‘to Elevator Hinge line.

Total minimum area FIN & RUDDECR:
Gross Weight x Wing Span

@"x 10 : -

Rudder 60% or more of total vertical
tail area.

'Total minimum area STABILIZER & ELEVATOR:
¥ing Span x (Chord)®*x ,33

Elevator I 0% or more of total
horizontal tall area. -

. RuDDER
ﬁxsvnon\
\

_STABILIZER FIN .

J

CONTROL SURFACES
Ailerons - 20:- 25°up

HIGH
WING
} NOT LESs THAN JG?_‘J
| OF wing spaN 7]
LOW
WING
MOT LESS THAN 12%
OF WING SPAN
©-=0Distance from Conter of Lift line

~ . -

TATLDRAGGER

Set main wheels 13°- l7°
ahead. of center of gravity
13°for low wing craft
17°for high wing craft

' ce
- — il
) TRICYCLE
=t | Set main wheels O - 100

behind center of gravity,
4 Set nosewheel ahead of the

.0 - 15°down
Rudder - 15" - 30 vane
Elevators - 20°- 30° up

15"~ 20° down .

centar of 1ift line a dis-
" tance squal to 1.5 times
the: height of the center
of gravity. Use tail skid
if main wheels are at 0°

1.5x ¥

3% —

CHORD-

1 CENTER OF LIFT LINE

<
b,
| AILERON ]
V-TAIL

To find total area ruddervators
and stabilizer, calculate total
area of vertical and horizontal

surfaces of conventional tail
and multiply by .85
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Propéller . should havs at lsast -9 inshes [
ground clsarsnce when wing ia &t 0-da-

gras: angle of attack, With maln whaala

end tail wheel {tallskid) -on lavel R
ground, the wing sngle of shtack should

_ba. 12 degrees o graater,

ALL WING PUSHER DESIGH

Aliow at least 25 degree.
angle betwesn main wheels
and lowest polnt at wing-
tips- for safety during
ground yaw, i

HIGH WING PUSHESR CANARD

Propeller cledrance should be 9 inches .
or more toc a line 12 degrees up {rom ' -
the bottom of the main wheels, : C)

With mein wheels and tail. wheel {skid)
.on’ level grotind, propeller clearance

should be at least § inches whilas swing-
angle of attack 1812 dagreas or. mﬂre¢

NOMENCLATHRE

Piteh Ground axt
gxis | Wires Yaw axis
. ¥ing T .
\@ over B dder

Elsvater

; o e U
Dihedral Stabllizer

o .
‘Comprasslon: mambe r
- Tﬁailing adgﬁ
Flying N : '
wires
Engine

Roll
ax is




Tailless Uitralights

DY ANTAGES
fﬁ_ﬁaduaed drag
“Raduced welght AR

# Leas power regulired.

LI e
LS

mgwamwﬁs X

.ﬂaducaﬁ ‘pitEh con :
w Nora camplat airfail and wing structura

-3ﬁE?? BAGK:-'Bast’all eround all wing design.

_ JMors stabls and fargiving then P%ank op
: “Swept forward dssigns. EBlevons ( cowbins-
2,—fj}‘;"iﬁ?ﬁ’gwf"‘lfvﬁ‘w”‘””"”"’ ‘tion sileron and elevator '} provide good

e
fu. R '_-'e' roll and relatively good pibteh zontrol, as
y RUnOER 25 og? A : silerons, ths slevons are £ar out nsar the
' : _ * 5?4&{?3?#&54{%ﬁ wing -5ip. As slavators, the elevons ars
L \ el Tarther behind the G than on the Plank

. . S Dowen mansnery Gesign,  The wing tip ruddara, which tirn
AL A ERP DY A mp2e cvze | - T outward only, provide very posltive turns

R 2 by drageging the wing back. .

N PN - IV
e
¥ | PLANK: Good, hut regservad for the axparts,
i et - VhE center ar gravity range 1 very narrow.
é/ . - éﬁ?ﬁﬁkﬁ’/ Fiteh controel 1s sensitive. Of asll the
: . Pt it S taillauss designs, this one requires bthe
NRepOER BE ‘our sid Mé. f;\?yﬁ lsast amount of power Yo stay aloft.

The eirfoil needs s capefully deaigred re=
flex treiling edge, with large alsvons,
Wing tlp rudders must be {ar behind thas
wing tipa, In tri-gear confliguration, tha
main wheels should be as close as possibls
to the center of gravity becauss the slavons
have wesk pltech reactions. If the main
wheals are .teo far behind the £, the nose
- whael will ndt leavs tha greunﬁ and the
eral't will nob take eff, ~Hze very little
or no dihﬂdral, : : - .

SWEPT FPORWARD: - DANGEROUS « not recommendad
for ultralight siFePalt, Wing tips must
bave upward wasghout in order to stall bsfors
the rest of the wiong. This causes additio-
nal wing tip dreg., In & turn, the ocutside
wing geta less 1ift and dropa.

The elsvators shown on the swept back at lsfu
produce the oppoalte sffsct expected., 4 down-
ward deflection increases the 1ift of the
wing saction directly in {ront, Since this

: ) wing saction 18 mostly ahsad of the OF, ths
Rk PO epaft will actually nose up, An upward dew
_ flection of the elsvators will nose the araft
down. Not recommanded,

CAMGER L4 ' A cgnventianal airfeil has s tendsacy bo noss

st - T e ~ down, aad requirss strong elevator/stabilizer
counter reaction to maintain Jeval f£llght,

(O A TIOAGRE B

FEADS 1L AT BRI A taillasa srafly has W&&k slavater counirol,

and the airfolil must Ye trimmed Cor level
ce - flight,  This ean be done with 8 reverse re-
b flex of the aft porfion of the camber line,
; The rﬁflaxﬁd. _ s gome 1ift, allowing
: “ cAn@RR L the wing to.'balsncal in rlight, but alse
e e ST e moves the centsr of 1ift and center of gravity
" e forward, With wesk piteh contrel, s tallless

' eraft is unforgiving if the center of geavity
FRILELEST 9RO . should ever get behind the center of Riff,
@dm&fc&“ﬁ SEWP L EVEL AR




Thrust H.P. required for climb.
{ Divide by prop efficiency to
find brake H.P. required )

Performance Calculations

g
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. Minimum thrust H.P, for lavel flight
( Divide by prop efficiency to find
actual brake H.P. required )

You have just finished designing your
ultralight aircraft, but you cannot
declde what size powerplant to use.
The powerplant is the single most ex-
‘pensive item on your aircraft, and you
cennot aflord to make a mistake. -

Your design requires a direct drive
tractor ( pulling ) engine. From your
notes, and from information gathered
in other narts of this manual, the
following information is available.

Gross weight: 360 1lbs.

‘Best glide spead: approx. 30 M.P.I.,
Best glide ratlo: Approx. 9 : 1
Required climb rate: 600 Ft./Min.

Looking at the chart above, draw u line
vertically from the 30 M.P.H. peint
until you hit the 9 : 1 glide ratio
line, lfove left to the interpolated
360 1b. gross line. From this point,
move down to find 3.3 thrust horsepower
required for level flight at sealevel.
From this same point, move up along

the gross waight line and find 6.6
thrust horsepower required for a 600
feet per minute climb at sealovel,

Add btoth c¢limb and sealevel thrust H.P.
Your ultralight aireraft will require

a total of 9.9 thrust horsepower,

'B.H,pa [hrust H.P,

Best horizontal glide speed
in M.P.H. ’

Thrust horsepower is simply the power
output at the propeller.

Brake ho}sepowor is the power ocutput at
the driveshaft, and is always greater.

The eftf'iciency of your proveller is the
ratio of power delivered ( thrust H.P. )
and power suvplied ( brake H,P, ), and
is expressed as a decimal I'raction,

If you use a 42 inch diameter wood prop-
eller, your efliciency rating is .57,
and the brake H.,P. required is...

9.9
efTiclancy °T 57

= 17.4 B.H.P.

Your last figure representa the maximum
brake horsepower output at the rated R.P.M.
of your engine. To be on the safe aide

( angines seldom perlorm at maximum ), add
30% or about 5 B.H.P.

Your ultralight airecraft will need 22 B.H.P.
engine to achieve a climb rate of 500 feet

per minute at sealsvel.




Performance Calculations

* If your ultralight weighs 400 1lbs.gross,
has a =2pan of 32 feet, and climbs best at

POWER REQUIRED VERSUS SPAN LOADING 30 M.P.H., then you will need,,..
: 1n \8
For a given weight ultralight, increasing- .83 IE()O) _
the wirglg span decreases the thrust horse- ( X( = L thrust H.P.
power necessary for level flight. The
thrust horsepower required is proportional let's assume that you have purchased a
£0uess - " Cuyuna 430D engine rated at 30 B.H.P. at
WEIGHT \ 2 : . 5,500 R.P.M., With a 36 inch diameter -
37 S metal tipped propeller ( 16 inch piteh ),
. ;his engine wi%l produce 22 B.H.P. gt
Thus, increasing the span of a 40O 1b, ;000 R.P.M, The efficlency of 'a 36' prop-
gross: ultraligh% airecraft from 28 feet eller is .50. This means tha’t:, you will
to 36 feet, will reduce the required %,et only 22 B.H.P. x .50 =11 thrust H,P,
thrust horsepower to only 60% of the Your ultralight weighs 400 1bs, gross,
'm,“,in&l powar needed for level flight. and must climb at 600 feet per minute.
v ) You estimate your best climb speed at
G RCSS 2 X GROSS 2 X 100 - ~30 ¥.P.H, Find the right wing span.
. Al ‘A‘ ' First we find the thrust horsepower needed
_ 2 _ 2 to climb at a rate of 600 feet per minute.
or: 00) x (ig% X 1003 602 ,
: T.H.P. for climb= C-ro'ss Wei%'glt’: SOCIimb Rnte.
Maintaining the same chord, but increasing

the span, will-reduce span leading and or: LOO x 600

induced drag. %The lower your span loading, : _B__Ob—‘: 7.3 T,H.P.
the less power i3 needed to maintain your i

ultralight in level flight, High perfor-

mance sailplanes have high aspect ratios This leaves us 11.0 - 7.3=3. 7 T.H.P. for
{ span divided by chord ) and low span : level flight at sealevel.

loadings. Hogallos ( old types ) are just -

the opposite and have steep glide angles, The reyuired "1n8 span can be found with

_ ) the tollowing formula. .
Thrust horsepower for level flight.at sea

‘level is equal to.... | Gross Weight x .91
Level Flight T.H.P. x Best Climb Speed
) Gross Weiyht\ V & ¢ P
bast C b © S . .
es lim peed pan or: 100 x-.91

: .7 foot
Vi3m0 owT toor seen
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POWER LOADING U LBS/HP T

GROSS WT. OF AIRCRAFT
POWER LOADING = MAX . BRAKE AP.

| WING LOADING Las/sofr) 1.5 20 | 3.0 40|50 |e.0]70 |80 ]9.0 100

@
THIN WING 20 |23 |28 |32 | 3¢ |39 |43 |45 |48 |51

STALL SPEEDS
IN MP.H.

THICK WING 17120 |24 |28 | 3213537 |39 42|45




Wing Design

COMSTAUT CHORD WikG

(STALLS AT ROOT FiesT)

|

CHORD

e———ememem——  PAMEL SPAN  ——————]

CEMTERLIME !
IS MIDWAY GETWEEN uppeR  MAKIMUM
# LOWER WING SURFACES
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|
|
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100/, PLACING FRONT & REAR SPARS
AS SHOWN WILL DISTRIBUTE THE
LOADS [N PROPORTION TO THE
LA SPAR HEGHTS. EQUAL SAFETY
. FACTORS ARE INCDRPORATED N
l- 15/~ BOTH 3PARS.
65/

LEADING EDGE
TUE CREATER THE MAX.CAMBER.,

TIP FIRST. REQUIRES DOWN LASH

: THE GREATER WILL BE THE LIFT
t—— /2 pAMEL SPAN T Y2 PAMEL SPAN sl 11 CHORD uusj (--AUD DRAG )
\ . ’

T r————— | rRALNCEXE

WINC AREA = a e

Vi l‘\ Y H WING TIP

A\ P
le— ROOT CG MAY ONLY HAVE 47, TRAVEL ¥ , -
Fo‘fz% SRR ATT foR TRIM Ak THE CEUTER OF UFT.(CL),ALSO
TAPERED WING STALLS AT puRFosE

ATTIP. | /—_—i

CALLED CENTER OF PRESSURE ch)
MOVES FOREWARD AT HICH ANCLES
OF ATTACK. THE CENTER OF GRADITY
(C6) MUST ALUANS REMAIN AHEAD

OF THE CL TO PREVEMT CATASTED-
PHIC STALLS INENGIME OFF FLICHTS

e 251
28 -307,

ROOT : WING TIP

FOR TAPERED WiNC, ALLOW 3° DOWNWASH

AT WINETIFP. THIS WILL CAUIE ROOT TO STALL
FIRST, THUS RETAINING AILE ROM CONTROL

CEMTER OF LIFT

WINGTIP - \

'WUUG RooT —~——

TAPERED WING - From wing root to wing tip
there 1s a 3 degree downwash to prevent
outtoard stalls, The root has a l degree
angle of attack.to the thrust line, leav-
ing 1 degree angle of attack at the tip.

HOW BIPLANE WINGS PERFORM

C) Stall resistant staggerwing. Low wing
stails first, moving CL behind CG. Nose
drons to recover full 1lire. Low wing
stalls first, giving pllot warning to nose
down. Top wing stalls first, moving

CL behind CG. Nose drops to recgover 1lift,
but rolil contrel is affected, Low wing
stalls f'irst, CL moves ahead .of (G and :
catastrophic stall could occur,

E a ~ CENTER OF LIFT

- O ] THRUST
- % -

LINE o

— sTAc.ml——

<L

]
Y3 enorple—
CHORD

i

-

The Center of Lift (CL) of a BIPLANE can
be closely estimated with the following
formulas.

@ Area low wing x Gap

= Area low wing 4+ Area High Wing

©= @ x Stagger

Gap




g g . POSITION AND PERCENTAGE OF LOAD
CARRIED BY FRONT AND REnR WING SPARS

. _ o : The center of pressure or center of

. CHORD = lOO/: ’ 1ift of an airfoil represents a point

- ) 2 - where all forward and rearward 1ift
forces are balanced. <The exact lo-

i
. S | cation varies with the type of airs-
. : : i ) . foil and the angle of attack. For
: Y most common airfoils riding at O -
Y L degrees angle of attack, the cen-
. | py ter of pressure is located at 28%
287 — of the chord, measured from the

[ R % 7 leading edge.

. . Spar loads will depend on their pos-
. ition relative to the center of pres-
© ; _ CHORD IOOZ 5 - sure, For illustrative purposes, the

. | center of pressure may be considered

a pilvot point on a seesaw bounded at

ons end by the front spar, and at

the other end by the rear spar. .

The end loads must keep the seesaw

729 . i | 287 ‘ in a level position.
B | A .
I For typical ultralight
_ ' - wings with tubular
2 Ry &J/ IR spars maklng up the
q_'_-:‘ e 24 - leading and trailing
. 4 5 }'z 2 o edges, the front spar
g@ 6 2 9] 'h | PP carries approximately
®9 -l <y“ Uy 2d . 1 Azl : 70% of the wing load
wT 8 ey RUT | ot h‘;" while the trailing
E% 10 o\ .!,E A€ oL Ja %51 or rear spar carries
W A y L o areh about 309 of the wing
o 12 AR 2 e s T & load, Incidentally,
2= 14 th* \,Cj \S N AL UL compression loads be=-
Su I P a8 oj? ;FLQF» ke tween front and rear
A £ v i 1e e tube spars of this
b‘g 18 L LA |\or® a2 SRR tvpe wing is greater
> — - ) AR Ay 8 . ar
22 - PraBEa S o dsUAR|  than for any othar
b_‘;( 22 ] T T T 14 1. S_dgﬂsg&/ »
QE‘ / L1 L1 — TOARDE—=
n 24 // /.. . ] o Al 772 RE pAn
My Zrzcannay YL
e e s mE IR — -
28 ! ; '

]
o O N 0 WO o ‘' O N
N“’“’E."’ vv*#rmm?fa

;-‘- DISTANCE REAR SPAR
EDCE 1IN % OF CHORD

Vo 0O N o o v %
H\u\\D‘Ds‘\gSN'\tNN
Fi

ROM LEADING

T
S
‘§'q . &‘g {
| 33 I8
r B i A—i
72N
LOAD PR. 5“""‘5’%‘2‘%2—*5 X TOT. LOAD

DIST. A
LOAD R. SPAR = BIST., A%B X TOT, LOAD

The Ultralight Adreraft at left must withstand a maxi-
zum of 3.8 G's, or 3.8 x 40O lba,= 1520 lbs, Find the
lightsst spars capable of supporting this -load,

The front spar is 8/;0 x 100=164 from the leading edge.
: : The rear spar.is 33/50 x 100 = 66% from the leading edge.
M Prom the above graph we 3ee that the front spar supports
: . " 768 of the wing load. The rear spar supporta 244 of the
leere e — B emo— wing load, Each wing panel must support 1/2 x 15201bs=
760 lba, The outer i feet of the wing panel must sup-

port 4 Ceet/12 fset x 760 lba.= 253 1lbs., The front sper

GROSS WEIGHT : 400 L85s. : tnlullup 76% of tliu load, or .76 x 253 1b;.= 192.3 lbs.
* ' . : . This load 1 distributed alo th th, and
hd . . STRESSED 38 GS ' can be :om:d:;:: Zonc:n:‘r-:a; n: ungotn: n::fuy. :r

equivalent of an snd load at 2'4 inches. On graph #9
we follow the end load and distance coordinates to the
next higheat curved line marked . Refer to the
spars designsted by these lettars., Use the sams prooe-
dure in rfinding the outboard load of the rear apar, and
the inboard loads of both front and rear spars.

FRONT l"REAR SPARS STRUT SUPPORTED at 2 feet from the strut support, Thus we have the




Calculating Wing Stresses

PERMISS1BLE LOADS - SfRUCE SPARS

A salety factor of L has Leen included in
the permissible loads shown 4in the graph
below,

Wood spars faill in compression, i.s., at
the area of failure, the point under com-
pression begins to crush while the rest
bresks from bending and tension.,

. TYPICAL PROBLEM = - B

" Your strut braced light airplane will
gross 665 1lbs,., has a wing span-of:-350°
inches, and must be stressed for L G's

. (4 x gross weight), The outside wing
panel section is 70 inchas, The front
spar must support 75% of the wing load,
the rear spar supports 25%, Find the
right spars to support the cutside-wing
panel load, :

Exemple: VYou wish to [ind the wing tip .
load of the front spar of a strut suppor-
ted wing. The length from strut to wing
tip is 00 inches. The plain wood spar is
6 1/8 inch deep, % inch thick, Find 60
inches at the bottom of the graph, move
up to the curved line indicated by 'J7,
then left until you hit the 100 pound
permissible end load. The safety factor
of L means that you will need L x 100 1lbs

LOO 1bs. end load to break the spar at
the strut. . ’

The outside wing panel length of 70 inches
supports 70/350 = 20% of the gross weight,
or .20 x 665 1lbs,.=133 lbs., fThe front spar
carries 75% of this load, -or .75 x 133 lbs
= 100 lbs. The rear spar carries 33 lbs,
The front spar is carrying an evenly .dis-
tributed load of 100 1lbs., but the end
load is only ¥ this amount, or 50 lbs,
(See sketch below),. .On your graph below,
f£ind the 70 inch vertical line and the
50 1lbs. horizontal line., These two lines
meet a dlagonal line marked (@), repre-
senting the type spars which can be used,
Your front spar-is 3" x L 5/8"., Using
the same procedure,. the rear, spar will
be 3" x 3 5/8", Since there 1s a safety
factor of incorporated in these figures,
" .your i G loading requirement has besn
satisfied, ) ' '

Permissible loads increase or decrease in
direct proportion to the -thickness of the
spars., Thus, increasing The upar used in
the previous example from } inch thickness
to 1 inch thickness, will double the per--
missible load from 100 lbs. to 200 lbs,
The ‘ultimate breaking end load will be

L x 200 1lbs.= 800 1bs,

LA Outside Length ' Insids Langth
I K f

I

load - use 2 x load
shown cn graph

* END LOAD - Use load
indicated ca graph.

.‘f 4 f T A T“ .
) Evenly dist L J
venly distribute
load - une 5 x
load shown

5 \_i/\_znc-m"“\

EVENLY DISTRIBUTED LOAD -

End load - use load
shown on graph.

Use 2 xhlond indicated j- W
on graph., : . .-
, 2-300 N N .r—--~1 sty ST A PLAIN SPARS, BOX SPARS
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Airfoils

;

A NOTE ABQUT AIRFOQOILS

(

In slow flying ultralight alrcraft, the
wing airfoil is less important than the
span loading ( gross weight : span ) and
the wing loading ( gross weight : wing
area ). Construction limitations have

- also resulted in some strange airfoils

see below ) which work very well,

Cp = A high Coefficlant of Lift means low

landing speeds, Mild stalls are
assocliasted with a rounded curve,
sharp stalls are shown by a suddsn
drop in the curve.

L/D =The higher the Lift to Drag ratio, .

the less power 1s required for flight,

FINDING STALL SPEED, GROSS WEIGHT

Your ultralight design has a wing arsa of
150 sq. ft,, and you want it to stall at

I

20 M.P.H. Plind gross weight,

. N 2
Wing area x (stall speed) = gross weight
170

2
150 x (20} _ .
= 353 -1ba, '

An advertisement claims a stall speed of

18 M.P.H., a wing area of 120 8q.ft., and
8 gross weight of 450 1lbs, Check out this
‘exaggerated claim, ) :

I'0Sa we
13 x Vg-{n“—_reai—— =stall qpeed
13 xvlggg:——Q 25 M.P.H. stall speed,

Ya'x.058 60¢
- R

1Té
8~

shape an aluminum tubing inte
‘a complex airfoil configura-
tion. The stretched fabriec
area between the ribs will -
" assume a more conventional
: shape, thus improving the

:i 3 = aerodynamic qualities. During
< flight, the ribs will bend
- ] ' . <7 e 4
\ov.058coerte ™ osgof‘%‘g;ge 1’058~ | slightly upwands, further in-
UBE F. SPAR 50' . 6061 TG SPAR creasing lift. - If double

| .

TUBE WING AIRFOIL

Some ultralight aircraft are presently uaing  ¢1ent than a more conventio-

the above airfoil, The .utter simplicity

worth the extra 2 Or 3 extrs horaapower re-

quired to overcome the additional.drag.
Anyone who has worked with a tube bender
realizes that it 1s almest impossible to

| . surfaced, and flying at less
than 45 M,P.H., this airfoil
is only a 1little less effi-

1a . nal airfoil,

". For a coﬁétant“chobd'wfng,
this configuration offers the
simplest type of construction.
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_Propellers & Engines==

e Vit

”00,3“'\":“’\ . Propeller pitch is the distance traveled
‘e“,e’«-“ e . 'during one complete revolution,
Y . " g .
‘;-:.’f":_,__r. .Rated or gecmetric pitch: This is the dis-
¢~ ' T ' Tance traveled forward by the propaller du-
' : PITCH ring one complete revolution by a point
o . located at 3/l of the blade radius, and following
S~=-7 . the line of rotation at the exact pitch angle.
, /N The rated pitch 1s stamped on your stock propeller. .
12} i ’

Effective pitch: This.1s the distance traveled by the
propeller during one full revolution, and the line of .
rotation is followed by the rated pitch minus the blade
angle of attack ( slip angle ), : ’

: * PITCH 1S CALCULATRD AT
. ]‘ 34 RAD. OF PRoP.
T Ve EFPSCTIVE PiTch =

720 x ac veioary"'

- ) N
3 ANGLE Q ATTucK

Yer i v .
TR VIR . STATIC THRUST
L. Pz-}unr? PrTeH = -

L A - The following formula gives a

=T . .
L» Slgeumezrance ot EFFECTIVE PITCH (INCHES) - ' ‘relatively close ostimate of
4 RAD. ’

- = : . t .-
N A nwd S ae PNRIRRLewerras stutic thrust o
N S. Thrust = BEE X VProp. Dia.-10

AN : : ‘ .06 x Pitch -

Example: Your ultralight engine
v, i . produces 20 B.H.P. while turning

SN NSITTT : : a 16 inch pitch, 38 inch diameter

N |4 : : : : ‘propeller. Find static thrust.

NN — — : .
A : 20 x BB =10 ;170 186

™ ~—tt o .00 x 16

K TRNN: T Tli1r -A two placs helicopter produces .
SR _ —1 |- [TTT'f 80 B.H.P. to hover with a 300
™ : I} inch diameter rotar set at 20
N ¥ T 13 TT : ~inch pitech. Find gross weight
i of helicopter.

! : _ \\\Qﬁ 111 80 x V300 = 10
2o\ _ .06 x'20

= 1133 lbs,

' - : o \\%l f\i : * A drone. produces 12 B.H.P., with-
; i = a 16 inch propeller, 12 inch -
ool ~ BN _J ~ piteh.

\
3 . 12 x VI6 - 10 _
\g?' I - . .06 x 12 - )4.2 lbs.
\\ >

4
e

1)

R ENGINE TORQUE, measured °
11 in foot/lbs., is a rota-
; tional force pushing
along a circumflerence one
foot diameter away from
a central driveshaflt,

.
EFFECTIV PiTCH (IMCHES)

% |04 8F W b 2 OV 8C 96 Y6 26 O @2 % W W oz 81 21 M T ol g. 9

w
&

e 3R
X
\
: (>
\
N
\
\
WA "
1 -0
\
\
i

-—
Q
\

» Torque = B.H.P x 525)}_

2) | u 1T ‘ 2 R.P.M.

1 : Example: Your angine
produces 20 BHP at L000
= RPM. -

_ o C =T 20 x 525L _ 26,3 Pt/1bs.
B - N n 000 .

1 -t =1
L1 1 | et
= - e B e o B

[+ ]
\
\
\
\
\
\

\
\
\Iy

\\
\
1ANLN

\Y

<+ 13

N6

16 20 24 28 32 36 40 44 48 52 5¢ GO 64 68 72 7¢ 80 84 88 92 3¢ 100 ) i 13
MAXIMUM SPEED OF AIRCRAFT (M.EH) ' _ g




YA Y 33 2 ¢

2 Cyole/ Displ, h;) cc/ wt, 68 lbs./

31 BP 8 5500 RPM

Dersted to 26 HP € 4500 RPXM

25 |35 us s, |65l 7s' 85|95
:42];;5 |ss |8o|e7|60] 51 Ha|

SPEED mx] 15

THRUST LB l|65

- ngle oy
wt, 62 1bs/

hl Cycl.-/ Displ. 440 oo
08 ]
Dcnnd to 28 HP @ 4500 APM

25 |35 |us 5;]55 7sles|95

SFRED wPH 15
THAUST LA|T§ |5si|zblloo 87{73|G5I56 |51

Propellers & Engines’
HOTE: Tip speeds of wood props do not sxosed T00.ft/ses. @ 3 rOpe ers n g ln es
For tip apeads between 700 and 880 ft/ses., one must use .
~ all metal or nbinlrtizpciivoo: ::opu?ﬂtb‘: tip ::lak:.u
. t d4 of the p shord,r 7rop tips must no 11
enceed 880 ?g/ua., as air oompressibility pleces undue ¢ 5&', r:r.::?):";::‘:: :i: ::‘:.mtm’
strain on the prop and also absorbs energy -nuh is not v4ll require en excessive aounterusting
translated into propulsion. forss. Metal props with thin tipe may
mrlto slose %o this speed, but wooden
/p:°m= be kept a around 500,- 700
FOR AIRCRAFT SPEEDS BETWEEN 30 and 80 u7H »
, ore
HROUST| PROP | TYPR Pror | BRaX:|rerusz|»mop {TYPE
;ﬁ’ . Bﬁ‘:ﬂ b5 P el A KPN HP. | BP DIA.| BAT'L 65— \ A
2000 s 3 |49 |wood 4500 ‘s .12l 297 | wood 60 \ \ \ \
10 " 6,5 |54 |wood 10 bh | 327 |wooa 5§ ‘]‘ \ \ \
15 |10 [58" |wooa 15 |1 34" | wood 50 \ \ N\ .
20 | 13.8 (62" |wood" 20 {10 | 367 [wood e \ N \ G
; 2% (13. | 38" |metar . w3 T-
2500 5 2.9 |bY" |wood ) . . L0 \ \ > \<PA
P O I g 8 T &
10 wo . N : .
v 33 |19.5 | 117 | meta2 Q35 R I
18 9 50" |wood w |22 | 2 tw & ” %A & N
” . . .2 a- o €
20 b3 ood N T~
5 : .8 ;:' . 5000 s |2 28" {wood s %Q\E\\{\ :
25 - 16, T | wood [ . .. h
. . Ll \ .
10 20.5 161" |wood 10 | k3. | 307 |woed ‘\“ ‘i\'
26 |28 - 15 6.6 | 327 [ wood. 15 —
‘3000 5 - . - 20 9.3 »Jhr wood
10 5.6 |in” |wood s 2.5 | 36" | meta1 2000 soao 4000 5000 000 7000 w‘
15 8.7 |44 | wood T " PROP, REM :
8 30 |15.2 | 377 [wetal. - . .
1 . =
20 124 E wood 55 [18.2 | 38° [metar _ Fqn,spnos BETWREW 30-70 HPH
25 15 50 wood 4o a 39, mtal 57 - -
0 19 |52” |wood - 5 ' - /%
35 | 22.6 54" | wood $500 s | 1.8 |"26”|wooa "‘PY. ' qp"y/ ‘
40 26.2 [557 | metal 10 | ka1 | 287 wood 41 S Lt
6. 30” | wood
3500 5 2.3 |3%" |woca 1 o na -
v 20 9 327 | metal x /__.
10 5.1 {377 | wood " (v}
[ 25 11.6 347 | metal 237
1S 8.2 | o wood . -
» 30 15 35" {mstal 2 |
20 11.5 [4)7 | wood 232
25 | . (457 | wood 6000 | -5 | 1.6 | 287 woed : Sﬂ
30 | 18 |477 |metal 10 | 3.8 | 21" {woed e . .
35 21 {497 imetal 15 6.3 | 29" | matal gf_ n woap BRop. |
o | 25 {507 jmeta1 20 [ 8.8 | 317 meta2 . ——|METAL BROf
. I
— 25 {1k | 337 | eetad Tr
- jooo s 2.2 |31 wood
L 10 4.7 |37 |wood 10 T 25 20 3
15 8 36" [wood THRGST VRESUS SPEID POR vuéou?'r:lgm:s 5‘““5 HORSEPOW‘R )
Chloulations baaed on moat o ¢ len
20 10.6 39’ wood prop for each lpud ) gmi:‘ylﬁujn’l.:hiustegrm;:pni g;; };;::n.
. 254 n hl' matal ’ . - alimd, T;:-l*gh;u-;.x;r required is
) a4
30 | 17.1 {437 [weta2 TR BT STals & 2 orele etloteary matioe ot 3. i a e e,
. m:"T"an . 12 1be./ BHP required, divide thrust HP by efficiemay
35 120 |4 [wetal 13 EP @ 9000 RPN rating, 9.5/.42% 22,5 BEP
4o 23.8 hélf —tal Derated to 7 B? C 5500 RP¥ ( Examol . o 1 N " 2.5
. [ ¥ our e e 1z 1 1
. srezo 0|15 |25 I35 |h5 |55 65 |15 |°5 [ 95 with e 30 inoh dismeter prop. Te fipd thrust
I HP, multiply BEHP by efficlency rating.
. THRUST L3 30[26|2! T 1!4 1zi0] 9 ] 8 22.5 x lz- 9.5 Thrust EP.
;;u:oébgélpl. 19,44 cu. In./ ¥t, l‘é lhl/ Pa1 !lngll ST
Derated %o 7.3 EP @ 3000{RPX gvlo/ Dl-vl. 223 u/ we, 29 1vs./
q? @ booo PROPELLER EPPICIENCY YERSUS DIAMETER
SPEED 15 IZS 135 ]lt5 (13 l 651151 85 95 D"‘"‘ to 12 HP . hsoo rPx Applicadble to most ultrslight airoraft
raRost 14 46| 42|33 |26 (22|19 ]17 [14 |13 | s w15 | 25]3s Jus 8% 2" Dia. = .33 SU* Dias = ub5
: THRUST 13|58 (50 I‘fo 23{28 74’ 18 30" Dia. - .43 60" Dia, - .68
YINRK Y 2392 " 3Tngle Oy . - -
2 Cyele) Dlepl, 2952 ooy Wt. 46 1ba./ — 36" dia. - .50 5" Dla. - 71
21 P @ 5500 RPM mmm’;;‘!‘f_r_u 42" Din. - .57 12° Diaw - .13
‘ Derated to 17 HP @ 4500 APM - . 2-Cyole/ Displ. 395 oo/ Wt. 59 lbs/ o . 1 =73
. 24,5 AP @ 5500 RPN L8* Dia. =~ 61 ° .
srezo o 15| 25035 [bs |55 65{75 | 85 Jos || Derated to 22 xP @ 4500 M’
TRROST uﬁ"“’, 87170 |-‘>'7 |48}40 {36 I'SI Iza SPEED ""‘ 15]25 {3 75 l 85' 9% | ‘The right dlameter prop vill work
o st 2f35]14 |94 |7 | 64|54 |45 | 42] 22 Borer ing Tex Somsiaation sreiiebis

{rom a given engine.

Example: Pind the prop diamster
for a two stroker producing 20 BHP
at 4000 RPM. Pind 20 BAP at the
bottom of the graph at right, fole
low vertioally to the 4OOO RPM line,
thence left to your prop diameter
of 45 {nohes,
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All ultralight aircrart Qngimu.

" aspecially. two strokera, should be
. shock mounted to prevent transmit-.'
- ting exceasive vibration to pllot
and ‘frame,’ Although shock mounting
teohniques vary, generally there 13
no metal to metal contact between

- engine and craft: Most vibrations
“'are absorbed by some: type ot’ elastic
‘material i ; i , :
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1% 00. < ¥ 1. x 25
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| CONTROLS
“This simple 3-way overhead cone
trol system permits tie-in of

rudder and ailerons, thus ell-
minating the need for foot-pedals
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RUDDER /ELEVATOR CONTROL SYSTEM

RUDDER

i"
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Tubing Connections

NOTE:
Aluminum tubing 1s generally sold iﬁ 12

foot lengtha. Any length longer than 12
feet is referred to as Mill Length, and

is difficult to locate. Furthermore,

few délivery services will handle packets -
longer than 12 feet,

Since many ultralight aircraft tube parts
are longer than 12 feet, knowledge of .
| tube splicing becomes a necessity. ’

The spliced point between two tubes should
be at least as strong as the weakest point
along the entire tubing- length.

ANY TUBING WILL SNUGGLY FIT INSIDE ANOTHER
TUBING THAT HAS & 1/8 INCH LARGER OUTSIDE
DIAMETER AND A WALL THICKNESS OF <058 IN=
CHES.

Example: A 1 1/8" 0.D. x
will it tightly over a 1" 0.D, tubing.
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Jak

, - l AN3 - AND Hex head alrcralt bolts, Cadmium plated,
Hardwa re Tansile strength 125,000 1lbs, per sq. in,’
: AN AN3 : ANL ANS AN6
AN3 to ANO hex head bolts No.| 3/16" Dis. 1/L" Dia.. 5/16" Dia. 3/8" Dia.
gggt:hinmgz: Eztiiiizﬁt DashGrip [Length | Grip Langth Griﬁ Length |Grip |Length
aircraft industry. These Li /87 11/32 1/16] - 17/32 1/16f 19/32
'boltz can be fitted with 5| /4 21/32 3/16| 21/32 3/16| 23/32| 1/16] L5/64
AN ‘elastlc stop nuts, |- .| _: .
AN 553 312; nﬁt§;°iN“§18 6| 3/8| 25/32 5/16| 25/32 5/161 27/32 3/16| 53/6y
castle nuts, AN 366g an- 71 1/2| 29/32{ 7/16| 29/32 /16| 31/32 5/16( b61/64
i wts, and AN 380 cot- ' . .
i;grugﬁsf : 350 ee 10{ S/8[1° 1/32] 9/16|1 1/32 9/16{1 3/32| 7/16{1 5/6i
T Lo 6‘ 11| 3/401 s/32] 11/16|1 5/32] 11/16{1 7/32 9/16|1 13764
Wh dering AN3 to AN : . .
boigsoziii'sgdrigleg Cl12] 7/8|1 9/32f 13/16|1 9/32| 13/16|1 11/32| 11/16|1 21/6y4
shanks, add the letter A 1311 113/32) 15/16|1.13/32] '15/1€|1 15/32| 13/16|1 29/64
behind the dash number, - b -,
onen ° Gash Duiber 151 1/4 {1 217321 3/16(1 21/32|1 3/16l1 23/32[1 1/1611 %5/6&
Example: ANL-7A 17|1°1/2(1 29/32|1 7/16)1 29/32{1 7/16{1 31/32]1 5/;6 1 61/64
-« IENOTH - . 21|11 /L2 s/3211 11/1612 S/32|1 11/16(2 7/3201 971602 13/64
, : 1::5 12312 v 2 13/3211 15/16(2-13/32|1 15/32}2 15/32 |1 13/1€}2 29/64
- { 252 1/ |2 2173212 371602 21/32lz. 3/16(2 23/32(2 1/16{2 L5/6l
- E - 12712 /2|2 29/32(2 7/16)2 29/32{2 1/16|2 31/32|2 5/16:2 %1/6&
13112 3/4|3 s/3212 17163 s/32{2 1171613 7/32|2 9/16(3 13/64
GRIP - i:ﬂ' 33)3 3 13/32|2 15/16(3 13/32|2 15/16;3 15/32{2 13/16]3 29/6lL
[e— > ,
) ‘ 3513 1/4 13 21/3213 3/16{3 21/32|3 3/1643 23/3213 1/16|3 L5/¢6h
o, 3713 /213 29/32{3 7/16|3 29/32{3  7/16!3 31/3213 5/16!3 bl/¢th
Example: ANy-7 '
112 3/4 (4 s5/3213 11/16]4 5/32|3 11/16ih .7/32(3 9/16|4 13/64L|
. IEWOTH - BIE M 5733 el 13/38)3 1R 1 32)3 WYkt et
S I
‘ Ahsih 1AL 217321 3/16\4 21/32(4  3/1604 23/3214. 1/1614 y5/6h
= 1::§ L7is 1720y 2c/32l 77164 29/3214 7?16 L 31/32{4 5/16Q gl/bu
<) .
O a 51l 3/L |5 5/32|k 11/16{5 5/32|4 11/16|5 7/32|k 9/1615 13/6k
L‘D‘IEENSA 2y ~t:§ 53{5 5 13/32|4 15/16|5 13/32|L 15/16|5 -15/32 |4 13/16!5 29/64
T a . : . R .
shank 5515 1/415 21/3215 " 3/16|5 21/32|5 3/16(S 23/32(5 1/1615 LS/6l
<—ORIP — 57(5 1723 29/32(5 7/16(5 29/32|5 7/16|5 31/32|5 5/16|5 gl
EYE BCLTS - Used in tension, - Ideal AN
" Tor control surfaceshinges,';aZ}es. part Lengthi Grip 3 d o G 7 t
" Tenslle strength 125,000. 1lbs/sq/1n. o,
- , : AN, 2B- ior dash No., [3/1&703/16|7/16(13/32[1/16(3/32
. ength & gri
D G =~ Length use AN3 boltp
t_‘i_ T,_l l e COTip —ad] chart atove
S - } AN43B-|For dash Ko, [1/4 [3/16]1/2 |15/32|5/64|1/8
0 : length & grip
S O use ANy bolt
<:};E:> ZI | - * chart above

rlengthq
o CLEVIS BOLTS AN23 - aN2l
- 2 Iﬁd For shear stress, never for
Grip F’ tension, - Used as a hinge
. pin with eyebolts or other
hinged surfaces.
AN23 ANZL
Dash 3/16. Dia, 1/4 Dia.
No. |Grip |Length !Grip | Length
& | 3/161 "17/321 3716 | 11/22
9 | V4 . 19/32; 1/4 | 19/32
10 | 5716} 21/32| 5/16 i 21/32
11 | 3/8 1 23/32| 3/8 23/32
12 | 7/16 "25/32) 7/16 | 25/32
1 1/2 27/32| 1/2 27/32
1& 9/16 | 29/321 9/16 | 29/32
15 |. 5/8 31/32} 5/8 31/32

.FLengt

CLEVIS PINS AN392 - AN39L

Used with clevis. forks,
[ Shear stresses only.
A secondary hinge pin.
AN392 }/8 Din.
Dash AN39 3/1o Dia.
No. AN3QL. 1/4 Dia .
Length
T 7732
9 9/32
11 11/32
13 12/32
15 13/32
17 "17/32




Hardware

AN36S

Elestic stop nut

ELASTIC STOP NUT AN365

A red or green nylon
collar prevents this
nut from loosening.

Dash No, lHole Dia,
-1032 3/16 -
- 1/ .

AN350 VWing Nut
Has no. fibre insert,
must be lockwired for-

@_.

AN310 Castle

T8

AN320 Shear

AN310 Castle nut
AHJZO Shesr nut

Use with cotter pin

Dash No. Hole Dia,
-1032 3/16
- 1/4

‘AN366F Anchor aut

Can be pop riveted in-
" to blind spots.
fibre insert,

Has

Dash Noy

| Hole Dia,

3/16

AN3S6R
safety. Anchor nut
Dash No.| Hole Dia, o
1032 3/16
1/4

1032
428 /4

] Di&c

ANG60 Flat Washers . AN380. Cotter Pin
Used with hex nuts to provide = i Use with 1
load surface, or as shims to | o] castle muts,
corroet bo1s geip longth: re— Length-- <. drilled nuts, etc.
Dash No. |I.D.]0.D.|Thickness DZSE HOs 2};& iﬁngth

.10 3/1617/16|  1/16 - " 13/32 1

L16 1/ [1/2 1/16 ﬁ;% {71/8 11/2.

ANG70 Flat Washers
Used on wood surfaces.

0.D, Thickness

Lock Washer AN936 Type 4

Good locking action,
eapecially on rounded

Dash No.|I.D. surfaces ( tubing ).
'i i a 3/16(7/8 | 1/16 : X
}" 0D /4 |1 1/8 1/16 Dash No., | I.D.
R AlQ° 3/16
_AL16 1/h -

TURNBUCKLES A complete turnbuckle assembly consists
One end is-threaded left

barrel and two steel ends.

other end is threaded r4ight.

AN 130 ASSEMBLY

LENGTH —————

Order by AN number and

and the

AN 135 ASSEMBLY

a—————— LENGTH

of a brass

dash number.

TURNBUCKLE PARTS

ANYSS BARREL
== —

e FTE  BARREL AN IS5 FORK AN 161 ANGRT sameL AN IS PV M%
. © FORK T
AN 140 ASSEMBLY AN 150 ASSEMBLY AN T6S - *‘D‘*_L
LENGTH ———> . LENGTH ————= 75 W
A ] o] [ =810 z PINEYE  —aiDhe }
CABLE EXE BARREL A N 155 e e FORK AN 161 BARREL AN 155 FOR ANl AN170 - - 3
< B
Complete assemblies ]
Dash Nok ‘Langth in inches Streagth
' AN130 1 AN13S AN1LO T aNI50 Ibs,
-85 L 1/2 ] h 1/2 L i/2 7§ 172 8O0
~168 i 4 172 L 1/2 L1/2 1§oo
-22s | L 17/32 h 17/32 b 1/2 { L 17/32 2200
Dash Nod Thread ANl)S Barrel AN161 rork AN165 Pin aye’ANl?O vabla aye
S{ze G J D
-8s | 6-4o ‘2 /L7 Zﬁh .10 188 .125 | .188 .188 .125
-168 10-32 2 1/M . .15 ..188 .188 | .188 .219| ,188
-228 1-28 187’ .188 |.188 ..1884‘ .219| .188

’




Hardware

TANGS These allow cable connections to
round or square tubing.

Straight tang = 1/4" & 5/16" hole
" Plat angle tang = 1/U" holae
Saddle tang - 1/L" & 5/16" hole

Double
Double

flat tang - 5/16" hole

saddle tang -

>

- E e

AN210 Control pulleys - Made from fabric
reinforced phenolic, with sealed ball

6
;/16" hole
1

Double angle tang - 6™ hole

SADDLES AND STANDOFFS

bearings,

Used to bolt together round
tubing or tubing to tang.

Q

N

Sizes vary considerably.

AN10O Cable thimbles

Forms eye end to control
cables, Pass cable
around thimble and se-
cure with Nicopress

AN part. |Cablg A - B D E  jLload

No, ."18ize | Dia, | Dia.|Hole . |1bs

210-1A 1516 1:.35 |°.972{3/161.297] 185
3/32 : )

21024 1/16 |2.50 |2.222{3/16 |.297| 500

' 3/32
210-34 1;86 2.00 |1.510{1/h [|.484! L50
: . 3/1 .

N’

—
§

AS—

_NICOPRESS SLEEVES

Part number Cable dia,
18-1-C 1/16
18-2-G 3/32

___18-3-M 1/8

Nicopress hand squeezer

- ] sleeves. -
Dash No, Cable size
-3.- < 1/16"
5 333", 1/8n
5. 5/ 32"
2aAY  CABIES -
7 x 7 flexible cable has seven
dizes, strands of 7. wires each,
Eh » o
#3725 7 x 19 extra flexible cable has
Ry seven strands of 19 wires each.
Dia, Construction Breaking Breaking
inches strength strength _
galvanized stainless
1/16 7x7 480 1bs 480 1bs
3/32 7x7 920 1bs 920 1bs
3/32 7x 19 1000 1bs 920 1bs
1/8 7 x 19 2000 lbs (1760 1bs

POP RIVETS

Common pop rivets are available at your
hardware store. These come in langths
of 1/8", 1/4", 1/2", 3/L", and 1", and
are generally open ended. Use only

the ones with steel mandrels.

" Head Rivet | Alum., body - Steel Mandrel
Dia, Dia, Shear Tensile
H D strength Strength
3/16 | 3/32 120 1bs 170 1bs
/4 1/8 200 320
5/16 15/32 &30 480
1/2 3/10 0 700




STRESSES in framed structures

A line may be used to represent direction
and magnitude of a given force or stress,
The magnitude of a straight line is meas-
ured in weight per given length, or com-
monly in pounds per inch of length. In
Fig. 1, induced drag can be measured when
the angle of attack { providing resultant
and 1ift { weight of aircraft acting ver-
tically ) are known. 1In Fig. 2, 3,4, &
S, a force triangle 1s formed by following
the forze directions in a clockwise man-
ner. Fig. 6 and 8, are extensions of the
force triangle into a force polygon show-
ing method of measuring the rssultant
force needed r'or equilibrium,

FORCE POLYGON

Fié.c

Fi6.7

DRAG x
X
A
- ‘ u<- .
-2
< |- S
SR [
a3 b} 9
I

v

N CEUTER OF
PRESSURIE

F16.1

FORCE TRIANGLE

Fi1G.5
)
R
a d A a o 1 23
-— e e
HNA %Véw §L/ff
C_\\ @ @ @ - 4 230185 I
A A \ o ‘N a L/-\
TENSION “F TENSION J TENSION .
. €3, c 4 ? l g '
Cﬂ' ¢ éﬁ o 3
0 7 70L8 [
J comP- \i
YT @ TRuss P J
B @ . . —oes
=~ / . STRESS DIAGRAM
);5/15 Z 0 50 g 150
FI6.8 4-‘("7’ SCALE 1 POUNDS FI16.9

Given: The truss shown in rig. 8, with
an end load of 70 pounds.
Find: The tension load acting at point

A. The compression loads acting
at point B,

Compression loads act into a joint,  Ten-
slon loads act away from a joint,

Starting at Junction 1, fig. 8, form a
force triangle as indicated bv the small -
sketch shown immediately above, always
measure load directions in a clockwise
direction., Using the scale shown, mark

’

a vertical distance ol 70 pounds in fig.9.
Your force triangle at 1, fig. 8, 13 drawn
in r'ig. 9 as the force triangle shown by
lines 70 pounds, a, and b, Junction 2,
rig. 8, is drawn in fig. 9 as the force
triangle b, ¢, f. ollow through, remem-
bering that no single force may be exten-
ded beyond itself, Aall your graphic for-
ces 1, 2, 3, 4, 5, should fit together .
to form the complete force r'rame in fig.9.
The tension at a, fig. 8, is squal to the
measured length of 1line h, f{ig. G, or

230 pounds. <ty the same token, the com-
pression loads at B ares 70 pounds and

180 pounds. ( i, } )




Strength of Fittings
MAXIMUM TENSILE STRENGTH OF FITTINGS ‘
THICK- |HOLE | RADKS| BREAK | <1130 2024 -T3 9
NESS [DIA. AREA |[CHROME MOLY | ALUMINUM CKH
A Tl B e ! RADIUS s Q
040 |6 |1/4"1.012"| 830 18s| 580 i8s. S
040 | V4| 3/81.02°] 1350 - | 950 «
040 | Y4*| /2*|.037| 2000 - | 1400 ~ | LOAD
063 | 3| Y4-1.02"] 1300 » | 900 » _ :
| .03 | V4| 3/#7[-032] 2100 » | 1480« - HOLE Y
063 | 4| /2~1.047] 3100+ | 2200 I-o-LEM(;m DIAMETER 73\ HOLE
036 [ /4" 3% |-045| 3000 .| 2166 = | - DIAMETER
- Tz 0eT] T 2800 %] RADIUS
090 | /4| Yz~|.067 <4150 2900 FLEqu
v - :
§ MAXIMUM COMPRESSION OF FITTINGS MAXIMUM BENDING LCADS OF FITTINGS
< THICK- [HOLE | RAD. |LENGMH| 4130 2024-T3 THICK- | HOLE [RADIUS|LENGIH] 4130 2024-T3
g NESS |DIA. - . [CHROME MOLY |ALUMINUM NESS [DIA. CHROMEMOLY | ALUMINUM
b . I/ ' LBS. LBS. ,/2- 450 3,5. ]
Jdo, Y20 770 | 540 | l.e3 [3 | Bat] 320 223
040 |3g '/4 34'[C 600 420" /'6 /4 1" 250 175
corpression ™ 420 T 290 1/2 160 Ho
- s, [zl 100 770 | | ges |10 | 30 22| 'soe g-—
N RaDIUS | 040 | V4" | V8 [3/4°] 900 | €30 ’ 4 | %P 600 420
B I 630 440 : 1727 400 2290
. V2 - 1260 880 . . yz‘. 1700 {200
063 |3/l 14 3T 1220 250 063 | Yy* | V2" [ ZAT 1399 302
HOLE 1 1120 780 . [ €50 490
DIAMETER" /4°| 3 /et 1900 1220 ' iy2°] 1400 3go
063 |4 |32 13/4 | -1820 1270 ~ 090 | V' | 34" 3447 1100 770
\ \ " | 1640 1140 S0 | %4 | 78 22510 .-
- \ 1 .|/z-| 2500 | 1750 e e 28
\ " O) \ .063 | 1/4 yz 3/4 | 2350 1640 e / « 3/4°] 2100 1480
p N ; 1= 1 2150 1500 030 | V4| /2 FT—ees 1120 |
N /. 1/2°| 2800 1960 vz ”500 7710
FOR TWO EQUAL FITTIUGS | -090 | | 1900 : /27| 3500 2450
DIVIOE LOAD IN HALF 4 ;/8 3|/.‘L gz%g IgOO bSO ,/ » 5/" 3/4' 2700 1780
: : 4 | 78 T [ 2100 1480
/2 3700 2600 Iy
o ;s 4 1727|1400 g80
090 | ¥4" 2 [3/4 €00 2500_ .
1 1* ] 3450 2400

Y DA, AN BOLT

1"0.D.x.058 606IT6
ALUM. TUBE STRUT ~

. STEEL
VG THICK .

Y4 DIA. AU GOLT
woon DOweL (sPuT)

This typical strut arrangement will
support a maximum tension load of

800 pounds, The weakest point is
below, at the wheel, where the bolt
w11l shear the bolt hole in the strut
at the contact area between the axla
and the strut,

WO00D DOWEL
i AN BOLT
N _|" DIA. 6061-T6 SOLID ALUM. AYLE

Bolt | Tube | Thick4{Width|Laengtl Haximum
Dia, | Dia. | ness load,
3/160 3/4 3 1/8 |1 3/% | 220 1lbs.
4 |1 58 Il | 220 1bs.
A4 t1 0 D3/16 (1 3/8/1 sLo 1bs.
14 |1 1/2'. 1/8 |1 3/4j1 1/2] 216 1bs.
4 |1 1/2) 3716 |1 7/8|1 172 54O 1ba.

| /4 1 1/2) /412 1 1/2| 930 1bs,
/4 |2 /4 {2 1/2)2 gho

STRENGTH OF 6061 T6 ALUMINUM CHANKEL
BRACKETS - Permissible maximum tension
loads 1in pounds,




6061-T6 ALUMINUM ANGLE @ 1.232
1,

1,400 4

BENDING LOADS &==
‘ N

T LENGTH —ﬂ END LOAD
Use loed indicated
: ; on graph

A ¥
i

125

.

I ) LENGTH EVENLY DISTRIBUTED l‘g !

8 x load 0
i{ndlcated by graph © 10

! LOAD. Use

EVENLY DISTRIBUTED:
LOAD. Use 2 x load

‘%‘*—'LENGTH—_"{. -indicaced by graph -

LENGTH CENTER LDADF

Use 4 x load
Indicated by graph 120

2,000

1,200

1,000

900

800

700

500

400

320

PERMISSIBLE LOAD IN POUNDS

280

A,
hd
hY

240 TN

Al

200

R
14,0

&
X

100

y

80 3T -

/
.-

0d— 4.

MINIMUM RADII POR 90 DEGREE COLD BEND - Tubing.

Tube 6061 T6 Alum.
0.D, Tub ing

‘130 Chrome-Moly
Steal +ubing

/4" 11/8" Rad.

7/8 % Rad.

0 Ll

3/8 2

15/16°

1/2" 1/2

13/ "

3/l 1/2

. 24/8"

31/2."

2
3
1 6
7.1/2

L 38"

1 1/4"
11/2"] 10

"

5 1/h

13/ 1

61/8 "

2" 16 "

l

6061 ALUMINUM ANGLE
COMPRESSION LOADS

LENGTH

Swivel ends - Use load indicated -

by graph.

R

Rig1d onda - Use load indicated

by graph
[=]

ra i)

]
MR
[\

-
e

A

PERNISSIBLE LOAD IN POUNDS

lus
r
8
(=]

exi

ad

WV o~ O N
-, o

Moo W QO wn
AN N A M

LENGTH IN INCHES

120

/tl\
eNl

el

Peils

Vi

70
8o
90

100

110

120




6061-T6 ALUMINUM TUBING @ e

!

!

. 1,600 N 4

BENDING LOADS o Lo . N _

1,200 - ' :

1,000 : . \‘\ \\ ! L
900 PAN

800 - <
700 . : 1

2

7,

Ed LENGTH “-4

END LOAD ' + .
Use load indicated
on graph

ty
N
b.d
18
o
(8]
[
%

BN
P

i
AR
z

M+
. Y
Iy

Wy

o

N

Q
e

PERMISSIBLE LOAD IN POUNDS

)4

Py
0
2 ALUMINUM

Sy
M
Z
0

SEEHN

N Lene - o 94

EVENLY DISTRIBUTED LOAD 6o
Use 2 x load indicated -~ Lo
on graph * 0

o l J4. L1

VOO0 N 3OVO 1 O
~ AAN N M

LENGTH IN INCHES

W ewno =] =3
N I O g L3 3

100
110
120

_, .@ . —

5 - 2024-73 ALCLAD
j_ wa ALoinn TohTw ) A % ALUNINO SHEET
1/4"0.D. x .035 wall  ,0281 1lbs./rt. T g @ ‘:16' thick  .230 1ba./sq. rt,

(3/8 ., x.035 ,, .09 ,, 4 H 025, o360,

12 ,, x.035 ,,  .0812 ,, i 3 i%;;%’i iz ez, o1,

$/8.,, .x.0% ,, .07 ,, ¢« T 063, 907,

5/8 4, x .09 ,, .1060 ,, 1/2" x 1/2" x .062"thiok  .070 1lbs./ct. [090  ,, 1.300 ,,

3N ., x .09, 1288 ,, - 5/8 x5/8 x .062 ,, 095, Y l.800 ,,

3 ., x.085 ,, 1670 ,, M x3M4 x ,062 ,, 209 ,, . B

1L, x.08 . 250 ,, 1 1 =.062 ,, 5%, -

1 oox.0h9 L, 7Sk, - 11/2x11/2x .25 ,, B3z ,, . ; L qw- : @
1, z.065 ,, .2298 ,, ' : ﬂi _ ?ﬁ:irn‘}-sgg;?n
114, x .04 ,, . .2213 ,, N x 2y o et

112, x.049 ,, .2683 ,, a 1.120 1ba./ft,

6061 ALUMINUM TUBING 8,000
COMPRESSION LOADS 6,000

£
g%

J 4
71
/
f/éh‘:

\j

Swivel ends - Uae
loada indicaced by
Eraph

0
- &
oD

s
£
8
I
d
[d
%
T
Y]
%

FERMISSIBIE LOAD IN POUNDS

L«——Lsucm -l

=

¥elded ends - use load 500 } \ . \__|. N

indicated dy graph -4
plus 30% oo a (o \

nN

8
/'
o

Y
A
2

—
lw— LEUGTH-——~|
b3
h
]
/
|
1

~ N
- IZMTS IN INCHRS

WO =0 OCC N oo W O Wwn :
And & AR8%8




4130 CHROME MoLY 9,000
SEAMLESS STEEL TUBING 8,000

,000
COMPRESSION LOADS 7,00
6,000 S
Proney
N 2 4,500 ]
~ b,000 a |
Swival ends - Use load = 3,500 - 3
I indlcated by graph 2 3,000
= 3 2500 in B \ e
. g 5 N TN~
[t j ol N
< ;:'i’ 2,000 ) ™ =
:'1 2 1/800 ~ 2 N
= 1,500 T
= e, S \ e .
lihoo .
g8 L3 N MEAYZEAN
1,200 = 4 N
1,000 < AN
: 00 o
] N NI
. Zgg NF
T Welded ends « use load 500 AN [=
éghu-d by graph_plus 100
- .
— 3oo
% . 200
)3 i =
50 ——
0
T A THICKNESS ~ L
o . P ®
j 4130 CHRONE MOLY ROUND e . O
STEEL TUBING 4130 CEROME MOLY SQUARE
4L STEEL TUBING s 'ﬁ%g  CHROKE WoLY
/4" .028 wall .066l 1bs./Ct.
b S 108 1/2" x 1/2° x .035 wall L2213 ’
14 L0385 ,, L0804 ,, 1,00 libs./sq, ft.
: 5/8 x5/8 x .035 +20808
3/8 028 ,, .1038 ,, 1.45 1bs./sq. £%.
: . 34 x3/4 x.035 3403 .
3/8 .03 ,, 12711 ,, . o 2.55 ,,
1/2 028, Lumn o, VA 218 =035 -3998 3.66
1 1 .0 .
1/2 035, 1738, : e ki 5.10 .,
. 5/8 028 ,, 1785 ,, - -
5/8 035 . .2205 o - BQUIVALENTS IN MEASURING
Lome o Fraction Declmal U
W 03 ,, L2673, f‘ of ineh  squivalent o
L0685 ,, . Vs 3 0 CHROME MOLY
i/" S hZS iR T g .o15625 28
. .0, , .
:5 f 3007 ,, R .03125 20
1' . - »rr . EX] . " . " . " .
065 6491 1.180" x .500" x ,035" wall 046875 18
114 ,, x -025 v 4542, 1.685 x U x J049 ,, *.0625 16
114, . . . o . - . s
;u x L0685 8226 2.360 x1.000 x .049 .078125 U -
11/2,, .0 Sk76 ,,
yy X 35 4 ‘ Sk76 «09375 13
@ 2,000 . «109375 12
<4130 CHROME MOLY 1,800 IL 125 1
SEAMLESS STEEL TUBING 1.;:00 — 140625 0
1,400 Lo .
BENDING LOADS 15625 9
1,200
g .1T1875 8
I;LENGTH —1 TND LOAD 1,000
Use loed indicated . ng.' 900 .41675 7
‘ on graph - 800 .203125 [y
~ 700 21875
9 600 . 5
3 500 234375 'S
| 3 3 .25 3
. 2 00
N SVENLY DISTRIBUTED 2 Jso
LOAD, Uze 2 x load - h N
\.4_ LENGTH——ﬂ indioated by greph s ggg AY Lz N
20 S
e— LENGTH ——-1 - - 200 4
CENTER LOAD 1 >
. % Use L x load . iho S
. indicated by graph 130 ¢
ﬁ,- A 100
]
3
| ’ 6 G
~ LENGTH SVENLY. DISTRIBUTED ko —; ]
: | LOAD. Use 8 x load 1 3%
. { {ndicated by graph o Ok ™
. [»]




25,

PROPERTIES OF AIRCRAPT WOOD

SPRUCE, red.or white
27 1bs./Cu, Pt,

DOQUGLAS FIR
1bs,/Cu, Ft,.

NORTHE RN WHITE PINE
77 Ibs./Ca. Ft,

RIRCH, yellow

I 1bs./C

u. P,

MAHOGANY
3,/Cu, Ft,

BALSA .
I Ibs./Ccu. Ft,

The most popular

10,000 1lbs./Sq. in. tensile strength.
/8q. In. compression strength,
Grain deviation must be less than

wing spars.
1 : 15.

Slightly stronger than spruce, but hard to shape. .
. May be used as substitute for spruce (with care)

About 85% as strong as spruce, Basy to work

Hot a substitute

Very dense wood,
Tensile strength

Used in aifcraft

Has about 1/3 the strength of spruce. Not very

popular anymore,

wood for aircraft constructlon.
5,000 1lbs
sxcellent for

for spruce,

sxcellent for propellers.
- 17,000 lbs./Sq. In.

plywoods,

Foams taking it's place.

C) 10,000 C
9,000 T
AIRCRAFT SPRUCE 8,000 4+ N
’
. Al
COMPRESSION LOADS 7,000 ZR AN
6,000 N AL
\Q.— v\ L !
8 5,000 % Vb XY -
3 4,500 7 % = }
&), 000 A\ « 1,
= AAV\CZ
- 3,500 N X ;
2 3,000 P \ \ ]
. =
3 2 SDO !’5 \ \/* |
5"’ £\ AVZ
£ 2,0004—] % A" >
- AT TN S
n 1,800 €
-, e \ ¥
= 1,600 R T =
 ti AT
1,200 o \} \
1,ogg 4z N \
00 4 ) \ X N
a0 N N\ AV
00 3 X N AN \
N,
500 : T X N
boo - S AN
N
300 \; N AN N, \‘x\
e~
igg P N S
10 d S b
50 AE ~ R
0 X e By, o S
———
mereog N 983 X AW IVA 2 233838
LENGTR IN INCHES
woap
GLUBS ARD RPOXIES @ @
Sitka Spruce 016 lbs./ou. in.
RECORCINOL - PORMALDRFYDE GLUES., Most highly reaommended. Pine. .016 1bs./cu.-in.
Uses on vood. Completely vaterproaf. Withstaods high tem-
peratures, Marketed under various trade names sush as Birch - .025 1bs./cu. in.
Amberlite, Cascophen, Weldwood, etc. Hardens through
catalytico action of resin and hardensr., Do not use on Balsa .006 1bs./cu, " in.
foams, as it will shrink and arack. .
1/32" Bireh Plywood .156 lba./sq. ft.
URRA - PORMALDEAYDE GLUES. Waterproof, Excellent for wood.
Sensitive to high molsture content of wood., Marketed as 1/32" Mahogany Plywood ,125 1lbs./sq. f%.
Asrolits, LaPagas Panite, Casco, Plaskon, eto, Hardena' "
through catalytio action of resin and hardener. Never use 1/16" Bireh Plywood .225 1bs./aq. ft.
on foam. .
1/16" Mahogany Plywood .180 1bs,/aq. ft.
BPOXIES. Excelleat for almost all materials. Doea not .
shrink. Roommended for foam, Hardens through curing 1/8" Birch Plywood 470 1ba./sq. £,
action of resia and hardener. Does not looss weight -
during curing. Varies from liquid to pasta, Marketed 1/8" Mahogany Plywoed .375 1lbs./sq. f%.
under meny trade names, {noluding Plyte Bond, Bpon 815,
Lootits, etc. 1/4" Birch Plywood .98 1ba./sq. ft.
1/4" Mahogany Plywood .78 1lba./sq. ft.
PLUIDS
Toncmgss  PLEXIOLAS SHEETS
. o Gaaoline 6.0 1bs./gsl.
.060" thick .37 lbs./sq. %,
. 011 7.5 1bs./gal.
.080 ,, B9 .,
o2 water 62.5 1ba./cu, rt,
. 1e




100 ] .
LXTRUDED FOAM (BLUE) ® % - N\ { ;
Y/64" EPOXY/DACRON COVER TOP % N 1
. T EPOYY :
Rt ENENAN N AT ROy
Poam 1n aircraft is conaidered highly " 60 A - :! N(D EiE ,‘
experimantal, These [igures should not \ - k/ <l . s 1
be used for structural loads. 50 N e N P11 T
. is i ;
LEHGTH -—-ﬂ - ho ] % B } 12—
END LOAD t —+
Use losd indicated é ;i Nid N N D .
;s on graph o 1 \ ¢
‘ s e RN N !
+ a2 i N
N
g = : .
& "3 1B T N NN
iy ‘ g 16 - AV "
N EVENLY DISTRIBUTED - !7" TN
A LOAD, Use 2 x load ] 12 41 - 3 =
f*——LENGTH—"'l indlcated by graph 7 10 I~ SRR v e {1 NG N
* . . 2 z 4 ' 2 ‘” ] \‘ S
] ¥ T S ~
) ’ 2 ! . .
g LENGTH ‘ CENTER LOAD g 6 ; N
. Uae 4 x load 5 AR =
\ - indicated by graph I AN /80 1=
. g
A= 3 :
2 !
A
%-S AR A e
LENGTH EVENLY DISTRIBUTKD 5 11 1L i1 1 | T :
l l 0 i
LOAD. Usa 8 x load P ———t—t '
M iodlosted by gTaph woreog 8 13887 B RN 38R 3 R8285%
. : . . ) LeGTH IN INCEES -
q ‘ . @ & PASRICS
o FOANS o .
: ’ D Greige, 66" wid 1.8 os./sq. yird or . o/9q. L2,
Urethans foam { tan) 2 1lbs,./eu. ft. sinest /2": 2y z gy soron dretse v ., or-/2 ’ or +0225 “._/'q fe
. sl tz2txh | ’» Iy TEETE 2.7 55 s as ae ,0186 ,, ,,
2 "z 21 xht : S N ) . »r
Extruded foaa ( blue ) 2.2 1bs./ou, ft.. sises: 1/2%x 21 x it " ’r peo0r 310 Tar as ae 20255 4 Tas as
o . é- x g: z t: .| ‘Grade "A" cotton, 50" wide L.k ox./sq. yard or .030 1bs./sq. ft.
x i R
Dynel, 19" wide 4.0 ox./sq. ymrd or .028 1lbe./sq. ¢,
Layer of epoxy/ 1.8 dssron/ epexy .....-ppmx. .06 lbe./aq. fﬁ.n
© 3ingle layer epoxy over foaN.......... &PProx. .d4. 1bs./83. Lte
3ingls layer spoxy over plywood........approx. .03 1bs./sq. fte
. 100 X \ ! [
POLYURETHANE FOAM (TAN) @ o et Tick dopdy 3T
/64 EPOXY/DACRON COVER TOP  ° 8 N 1
AND BOTTOM 10 @A)+ Fmpaii
S NN Wyt
Poam in aircreft is considered highly 6o N |
experimsntal, These [igures should ot .
be used for atructursl loads 50 - v
is ~
ko D) i
g-——usucm AN s y
oo Tosd- tndtsated 2 s ; N R IR EICD -
on graph X 30 \\: k%\\ | '
e
R H (o
v s s A _
1 .
q = \ ; N\
3 1‘2 : 1 N N
SVENLY DISTRIBUTED Ve N
LOAD. Use 2 x load E 3 INC
\ LENGTH—{ indicated by.graph L} 10 \ C
. 32 3 N
a N
’-—L;usm CE¥TER LOAD I G : L B N
Use 4 x load 8 5 L ERIEY] N
indicated by graph . b — =
F:;ﬁ . : 17
T L
‘ 2 Y
) 1.5 I s - T R
1 5
1 ) LENGTH EVENLY DISTRIBUTED »5 - 2 P
LOAD. Use 8 x losd 0. -
ind{cated by graph ™t ) SRR e § T
. - o= o SV N '_Q,’S:S
LEMGTH IN INCHES .
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