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1) Introduction and Overyiew
Building.p gooO indoor prop requires knowlrjg", sFll, experience, and-precision
The .path to success is through rules-of-thumb, experience, and- rational
experimentation. A.thorough study of aerodynamic principies would not likely yield
major performance improvements 

-over 
curreirt practite.

This article describes the design and construction of indoor props for peanuts, no-
cals, penny planes, un6 tr,ZB'sl tlre designs and constructiori teihniquis are baseO
on the experiences and mistakes of ourselves and others.

Section 2 Some General Rules of Thumb, discusses some general conclusions about
the-design of indo-or prgp.s. Section 3 Propeller Pitch, ma-thematically defines pitch
and mathematically explains why helical pitch propellers are more efficient. Sei:tion
4 Calculating Optimum Pitch Setting, is a hypothetical exercise in computing the
optimumpitch settingfor a pennyplane prop. 

-The 
computed optimum pitbh is luite

close to that commonly used in current high performance penhyplanes. Sectioh 5,
Carved Pitch Blocks, gives dimensjons for iixteen different 6locki^*ith pitch settingi
from 6 to 36 inches. -section 6, Bottle Propellers, contains an exact rirathematicil
analysis of pitch settings.fonpe$ by warp.ing blades on_a_cylinder. A computer
Drogram is given to solve the derived equations. Sections 7, 8, and 9 provide sp-ecific
designs_and construction techniques foi building peanut, nocal, limit:ed penny-plane,
pennyplane, and EZB propellers.

We do not claim that these are THE best techniques and designs, but they do work
well and have proven themselves in national comp'etition.

A fool learns from his own mistakes while a wise
man learns from the mistakes of others.

We hope that you may profit from our many foolish mistakes!
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2) Some General Rules of Thumb
To ma:rimizg fllgh1 times, experience hqs ur general proven that indoor propeller
diameters should b" e,s large as possible. This is probably a consequenCe of the
following enerry considerations.

A simple ener$t analysis shows that flight time will be maximized if the rubber motor
is twice the weight of the model. In reality rubber weight is considerably less than
this theoretical optimum. The following data are from my flights at Johnson City
(108 ft. ceiling): '!

Model
Design

Model
Wt(gm)

Rubber
Ln(in)

Rubber
lvt(gm)

Turn Time

Peanut-Ifergt
NoCal
Limited Penny
Penny
EZB

4,9
6,2
3.1
3.1
0,74

20
24
22.5
22
L4

2,2
3.1
2,3
2,U
0,7s

1700
2020
2200
1800
2000

t.r,
LoLi

5:18
13:23
15:35
21:51

Note that in all five examples the rubber weight is considerably less than the
theoretical optimum of nrice the weight of the model (F1D models weigh about 1

gm. and may have motor weights of as much as 1.4 gms). It is, for example,
impossible (for structural and other reasons) to put a 1.0 gm. motor in a 5 gm peanut.
Therefore it is a practical fact that we will always have less than the theoretical
optimum motor weight.

Given this constraint, it follows that:

To maximize flight time, the model should have the
greatest possible rubber motor weight.

There are two possible ways to put a lot of rubber on a model:

1. Use a very long motorwith a moderate cross-sectional area.

2. Use a large cross sectional area and moderate length.

The first approach would allow many turns and a small diameter prop. However a
very long motor is problematic given the typical lengths between the prop and the
rear hook.

The second approach necessitates the use of large diameter props and has, in
general, been found to yield longer flight times. Also, a larger diameter prop is
theoretically more efficient. Therefore:

Always use the largest possible diameter prop and
the largest possible cross section area rubber

motor.
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The diameter of the prop is limited b-y the ability of the_ model to balance the torque
reaction. Typical prop diameters and average fhght RPM's are:

Model l{ingspan
(in.)

MaxPrcp
Dis.(in)

RPM

Peanut
NoCal
Limited Penny
Penny
FZB

13
16
18
18
18

7
10
L2
t8
15

700
380
150
104
83

A typical common fault for the begineer is that the prop vibrates and does not track
properly. Two possible causes of this vibration are:

1. The prop is not balanced.

2. The blades do not have the same pitch.
We are rather particular when making a prop and to be sure it balances we sand both
blades to the same weight. llowever indoor props are quite light and therefore the
blades have limited inertia. Prop vibration is not Lsually 

-causedby 
a prop being a bit

out ofbalance.

The most likely cause of prop vibration is that the trvo blades have different pitch
settings. Pitch must be set precisely using a pitch gage; it cannot be 'eyeballed'!

3) Propeller Pitch

Propeller pitch is defined as the theoretical distance that the blade will'screw'itself
forward in one revolution. Mathematically, pitch is:

Pitch = 2*Pi*R*Tan(a)
Pitch = Fonvard travel per revolution (in.)

Pi = 3.14159

R = Distance from hub (in.)

a = Angle of blade section relative to rotating propeller disk (deg.)
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Propeller Pitch Delined

The_pitch gqn yary from the hub to the blade tip. For example, it is possible that a
EZp prop bl_qde might have a,30 in. pitch at theloot and26 ih. pitch dt the tip: The
pitch at any distance from the hub depends solely on the blade angle at that point.

Indoor prop blades-typic-ally havg the sqme pitch from hub to tip. A prop blade that
has the same pitch from hub to tip is called a 'helical' or constanl pitcli prbpeller.

Consider, for example, a limited penny plane prop with 25 n. helical
At qny distance from the hub, the blade angle is such that in one
section would theoretically screw itself forwafiZl inches.

&t u p.artlcular model, what propeller pitch setting wilt maximize flight time?
Theoretically the optimum pitch changes throughout the flight; from climb, to cruise,
to descent. Again optimum pitch cannot be determined theoretically, it is a matter of
experience and experimentation. Our experience indicates thej following pitch
settings:

Model Pitch
(in.)

Typ Prop
Dia.(in)

RPM

Peanut
NoCal
Limited Penny
Penny
EZB

10 to 15
12 to t6
20 to 28
22 to 30
22 to 32

7
10
L2
L7
15

700
380
r50
104
83

-I
Ut

0.

Why Not Use a Flat Pitched Prop?
A flat pitch prop has the same blade
easiest prop to make. It is, however,
paragraphs.

angle at every section from hub
quite inefficient as is described

pitched blades.
revolution that

to tip and is the
in the following
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FIat Pitch Propeller

A propeller -c?q be viewed as a series of joined airfoil sections that produce
pull the model forward. Airfoils work'best'when orientated at a pahicular
attack to the relative wind. This angle is typically less than ten degrees:

lift and
angle of

DRAG t LIFT

a

Airfoil at Angle (a) to the Relative Wind

The direction and magnitude of relative wind changes from hub to tip on a rotating
propeller. The relative wind that a rotating propeller sees is mide up of nv5
components:

1. The relative wind due to the forward motion of the model.

2. The relative wind due to the rotation of the propeller.

The first component, that due to the fonvard motion of the model, is constant from
hub to tip.



Vp = /*Pi*R*W
Veloclty of relative wind (in./sec)
3.14159
Distance from hub (in.)
Propeller revolutions per second

Note that as R increases, the velocity Vp also increases.

For example, consider a penny plane moving through the
plopeller revoh.ing at 100 RPM (513 rev./sec.). (These are
plane).

First consider the relative wind due to propeller rotation (Vp) at R equals 2, 4,6, and
8 in. from the hub:

Vp = /*Pi*R*W
@ R = 2zYp = /*pi*/*513 = 20.94in./sec.
@ R = 4: Vp = {*pi*/*513 = 4t.89 in./sec.
@ R = 6: Vp = $*pi*l*513 = 62.83 in./sec.
@ R = 8: Vp = $*pi*!*5/3 = 83.78 in./sec.

Note that the velocity due to rotation (Vp) at R = 8 in. from the hub is four times
that at 2 inches.

Consider the following figure of the rotating pennyplane propeller:

Design & Building Indoor Propellers

The second component, that due to rctation, varies from zero at the hub to a
maximum at the tip according to the following relationship:

Vp:
Pi=
R=w:

air at 36 in./sec with the
typical values for a penny

VF= [v,3 +vf] V7

Resultant Relative Wind

Q =ri\nttVlvrl



Design & Building Indoor Propellers

Vm = Relative wind due to forward motion.
Vp = Relative wind due to propeller rotation.
Vi = Resultant relative wiriA.

Note the direction and magnitude of the resultant relative wind (Vr) varies between
the hub and the tip of the rotating-proqeller: The magnitude incr'eaies and the angle
between the rotating propeller disk and the resultant ielative wind (Vr) decreases.

The velocity of the resultant relative wind (Vr) can be calculated at each location as:

@n=ZzVr=
@n=4zVr=
@R=6:Vr=
@R=8:Vr=

@R
@n
@n
@n

= 4L.65 in./sec.
= 55.23 in./sec.
= 72.4Lin./sec.
= 9L.19 in./sec.

Propeller Blade Section at Optimum Angle of Attack

For ou_r peqny plang propeller, the angle (e) of the resultant relative wind (Vr)
varies from hub to tip. Therefore for optimum airfoil performance, the blade angle
at any section should be set at (E + e) degrees relative fo the rotating propeller diCk:

Vr = [V*2 + Vp 2lLl2

lllll r{: 
{i1l{1

The-angle e-between the rotating propeller disk and the resultant relative wind (Vr)
can be calculated as:

e = Tan'lrym/vp)
= zzQ = Tan'lpeno.94) = s9.819
= 4: e = Tan'*(g Gl4l.tg) = 40.689
= 6: e = Tan'*(l GlLz.g3) = 29.819
= 8: e = Tan't(96/83.78i = z3.2so

Each cross section of the blade can be viewed as a separate airfoil. Recall that an
airfoil 'worls best' at a particular angle of attack to the-relative wind. For this penny
plane example, assume that this anglb of attack is 8 degrees:
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Vr:[V:+Vrt] t/z

e = TAdr t vln /vp}

Optimum Angle for Propeller Blade Sections

Since O varies from hub to tip, it follows that the blade angle relative to the rotating
propeller disk must vary from 90 degrees at the hub to some lesser angle at the tip ii
brder to get the 'best' piopeller perf6rmance.

For a flat pitch propeller (constant blade angle from hub to tip), angles of attack at
tip sections will.be- at too steep and the air{oil sections wil be stalled. Angles of
attack near the hub will be at too shallow and the airfoil sections may actudily be
producing negative lift.(thrust). .And this explains why a flat blade'propel6r is
inferior to one having a helical pitch.

4) Calculating Optimum Pitch Setting
To calculate the'optimum'propeller pitch settings, we need to know the following:

1. Velocity of the model (Vm).

2. Propeller revolutions per second.

3. Optimum angle of attack of propeller airfoil
section.

F fqqt,-we don't know what these values are and furthermore, they vary throughout
the flight!

However, we- can use our penny plang exarnple to calculate some 'ball park'
optimum pitch settings. From this 

-example 
we haie the following values:

Vm = 36 in./sec. (Velocity of the model).

RPS = 513 revlsec (Propeller revolution per second).

a = 8 degrees (Optimum angle of attack).
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R Vr e e+a
2
4
6
E

41.65
55.23
72.4L
91.19

59.E1
40.6E
29.8L
23.25

67.8L
48.6E
37.81
3L.25

R = Distance from hub (in.).

Vr - Velocity of resultant relative wind (in./sec).

g = Angle of resultant relative wind (deg.).

O+a = Angle of blade airfoil relative to rotating
propeller disk.

Recall that propeller pitch is the theoretical distance that the blade will'screw'itself
forward in one revolution:

Pitch = z*Pi*R*Tan(e * a)
Pitch = Forward travel per revolution (in.)

Pi = 3.14159

R = Distance from hub (in.)

e + a = Angle of blade section relative to rotating
propeller disk (deg.)

For the penny plane propeller, the optimum pitch settings are:

R Vr e e+a Pitch
2
3
4)
5
6
7
8

4L.65
47.78
ss.23
63.54
72.4L
8L.67
91,.19

59.81
48.89
40.68
34.51
29.8L
26.L6
23.25

67.9L
56.89
48.68
42.5L
37.81
34.L6
3L.25

30.81
28.90
28.59
28.80
29.25
29.84
30.50

Note that the theoretical optimum pitch varies from hub to tip. This is a
mathematical consequence of 

-aOaing 
th-e 8 degrees (a) to value of O.

These optimum pitch settings are based on the assumed values for the model
forward velocity (36 in./sec), propeller revolutions per second (513 revlsec), and
optimum..angle of .attack of the.propeller airfoil section. Changing any of these
values will change the optimum pitch settings.

lnfacq my best penny plane propeller has a 29 in. helical pitch. At the 1990 USIC in
Johnson Oty ttri-s moitdl placid first in penny plane and holds the current site record
at 15:35. Tliis would seeir to verify the'abov-e iomputations.
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!he. expepences of indoor modelers have determined tfg app{oFmate optimum
pitch settings for the. various categories of indoor models and it is usuilly not
necessary to go through such theoretical computations. In general, we warp proieller
blades to a particular pitch (as described ih following sections) and pbsiitioir the
blades onto the hub using our pitch gage. Fligfit testing-is thEn used to
experimentally'nveak' these settingslo marimize fl ighf times.

For indoor models the ratios of pitch to diameter (P/D) are tlpically between 1 and
2. Peanut scale models have P/D ratios between't ariO 1.5. 'For'example, a 6 in.
diameter peanut scale propeller with P/D of 1.5 would have a pitch s-etting of 9
inches. EZB's have P/D raiios between 1.75 and 2. ArEZB with a 14 in. dialmeter
propeller with P/D of.2.0 would have a pitch setting of 28 inches. A general rule is:

The lighter the wing loading the higher the pitch to
diameter ratio.

5) Caryed Pitch Blocks

Carved pitch blocks are what we 'purists' use to warp
pitch setting. A separate block must be carved foi
years, I have carved about a dozen different blocks.

propeller blades to a particular
each different pitch. Over the

Dimensions for Caryed Pitch Blocks

10
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The following jablegives dimensions for a good range of pitch settings carved out of
wood blocks of varying sizes:

Pitch 6 8 10 L2 L4 L6 1E 20
Radius
width
Height

2.SS
2.00
0.75

3.40
2.00
0.75

4.24
2.00
0.75

437
2.00
0.88

5.09
2.00
0.88

5.E2
2.00
0.89

6.45
2.25
1.00

7,L6
2.25
1.00

Pitch 22 24 26 28 30 32 34 36
Radius
widrh
Height

7.E8
2.25
1.00

7.05
3.00
L,62

7.ffi
3.00
L.62

E.23
3.00
r.62

E.19
3.00
L.7S

8.73
3.00
L.75

9.2E
3.00
L.7 S

10.03
3.50
2.00

On-a correctly carved pitch block, a straight line can be projected on the helical
surface from the midpoint at the hub to the midpoint at theiip. During carving,
check for straightness-by layrng a straight edge onihe helical suriace benvEen the#
two midpoints. A circular airfoil is-carveii onto the helical surface to give the
propeller blades about 5 percent underchamber.

Finished propeller blades are soaked in hot water for 20 minutes and then wrapped
onto the helical surface of the pitch block using a 2 in. wide 'Ace' elastic bandige.
The blade must be carefully ptisitioned along ihe centerline of the helical surfaEe.
Cook this assembly in a 226 dleg. F oven for 30 minutes. Water soaking the blades
makes them amenable to being-warped to the helical surface. Cookinfi the blades
permanently warps them to the pitchletting.

Note: Some people soak both blades and stack them together on the pitch block.
This saves tim-es ahd is more like-lyto produce nryo blades frth exactly theiame pitch.
However, s-ometimes the two blides-will adhere to each other duiing the cobking
process. We do not recommend this procedure.

Note: If I want to make a propeller with a 26 in. pitch and my closest pitch block is
24 in.,--I warp the- blades oir tlie 24 in. pitch block and then glue the 6hdes to the
propeller spar at 26in. pitch using the piich gage.

6) Bottle Propellers
Bottle Props are easy to make because you don't have to carve a pitch block. A
cylinder is used to the fo.rm the pitch. 

- 
The blade blanks are po6itioned on the

cylinder at some angle, typically about 15 degrees, to the centerlinel

11
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Forming Bottle Props on a Cllinder

Ma,x Chernoff ("1964-65 Model Aeronautic Year Book", F. Zaic) and Ron Williams
("B_uj!di4g and Flying Indoor Models") have presented tables fof cylinder diameters
and blade q!-gles based on the angle at the blade tip. These are actrlally approximate
solutions. Tf,e following is, I belTeve, and exact sblution for the georietiy of bottle
props.

The mathematics of bottle props are a bit complex. Consider a plane intersecting a
cylinder at-some angle to the centerline of the Cylinder. If this angle is 90 degreeito
the centerline then the intersection will circumscribe a circle. If the angle is-greater
or less than 90 degrees, the intersection will circumscribe an ellipse:

Plane Intersection of a Cylinder

\
\
I
I

I
,
I
I

L2



Design & Building fndoor Propellers

For a bottle prop we must consider two such intersection: First that circumscribed bv
the centerline of tlg plop blade and secondly that circumscribed by the blade airfoil
section. The two elliptical surfaces are perpehdicular to each otherl

BLADE g CHORD LINE

Blade Centerline and Airfoil Section

The airfoil section lies on
intersection of the cylinder
dimensions:

the perimeter of an ellipse formed from the plane
at some angle 90 + (a) deg. and will have the following

[; sLoPE

r{eaI'
AIRtrOIL

r/ cos(a)

Ellipse and Airfoil Section

For the given X-Y coordinate system, the equation for this ellipse is:

X3.*cor2(a)+u2=? (1)

x
,o

-+
II

l\a--iIr

t

I

I
I

/

\l 
"l-.- (I{L

F -r.b-

ELLIPSE

13
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4$tt solving equation (1) for Y, the slope at any point X"on the perimeter of the
ellipse is equal to:

dy/dx = .[X!Cos2(r'll tfl - x2*c os21ay1U2 e)
The negatl.e inyep.g of this slope is equal to the tangent of the pitch angle (ej at
that particular airfoil section:

Tan(oJ = {? - x?Cos2(a)yLl2l {x?Cor2(a)} (3)

Next we must find the relationship between X, the position of the airfoil on the
ellipse, and the distance L where Ljs the position of th^e airfoil section from the hub.
The following figure defines this relationship:

f'h(a)Kl
ELLIPSECIRCLE

Relationship between Xdn Ellipse & Distance L from Hub

Consider the circular section at point P:

b = L Sr^(A\/f (Ra,C)

Xc = f S'n(b)
Xc = X"/ Cos(a)
xe = l^$rn $)/cos(a)

\
I

l

ELLIPST

LGn (a)

6r Section at
CIRCLE

Circu

L4
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The angle (b) expressed in radians and the distance (Xs) are equal to:

b=LtSin(a)/r(rad) (4)

Xc=r*Sin(b) (S)

The $.stange_ X.on the ellipse can now be expressed in terms of the trvo angtes (a)
and (b) as follods:

X.=&/Cos(a) (6)

Therefore:

Xe= r*Sin(b) / Cos(a) (7)

Putting equation (7) into (3) yields the relationship between the two angles (a) and

(b) and the pitch angle (91) at distance (L) from the hub:

Tan(9il = L I [Cos(a)*Tan(b)] (8)

91 = Pitch angle at distance L from hub.
a = Angle of blade centerline relative to centerline of cylinder.
Pi = 3.14159
r = Cylinder radius.

These equations can be used as follows:

1. Speci$ the cylinder radius (r), propeller radius (L), and angle between
the centerline of the cylinder and the centerline of the prop blade (a).

2. Calculate the angle (b) using equation (4).

3. Calculate the tangent of the pitch angle at (L) using equation (8).

15
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The following BASIC program
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can be used to solve the above equations:

l,licroSof t auickBasic program f or cotputing bott te prop pi tch settings.
by Lester tl. Garber PhD

Inp,rts: 1 . Angte (deg.1 betreen centerl ine of cyt inder and centert ine
of prop blade.

2. Cyt i nder radi us ( i n. ) .
3. Prop radius 1 in. ).,

Outp.rts: 1. Pitch angtes at 1/2 in. increments atong prop centerl ine.
2. Pi tch in inches at 1/2 in. increments atong prop centerl ine.

Pi# = 3.141592654#

I IIPUT frAng I e betreen cy t . cent er t i ne &

Al,pha# = Pi# * Al,phaDeg# / 180 ,

I IIPUT "Cy[ i nder Radi us ( i n, ; 3 ",' r#
INPUT rrProp Radius (in.): tt; PropR#

FOR L# = .5 TO PropR# STEP .5
Beta# = L# * SIN(ALpha#) / r# ' Cy[ inder Angte (Radians)

' P i tch Ang t e (Radi ans )Pftch# = ATN(1 / (COS(Atpha#) t TAN(Beta#)))
PRIIIT USING rr Radius: ##.#t'; L#;
PRIIIT USItlc 'r Pitch deg: lf##.##r; Pitch# * 180 / Pi#; , Pitch (Degrees)
PRIIIT USIIIG rr Pitch in.z ttll#.ll#,t; 2' Pi# * L# * TAil(Pitch#) , Pitch (in.)

NEXT

END

BASIC Program for Bottle Prop Pitch Settings

Prop blades formed on cylinders have two basic faults: First the centerline of the
blade is not a straight line, rather it is a helical curye similar to a screw thread.
Secondly the pitch (in inches) varies from hub to tip. Using the above equations, for
example, a 6 in. radius blade formed on a 6 in. diameter rylinder at 16 deg. will have
a pitch of.59.22 in. at the hub to 50.37 in. at the tip.

The following table gives data on existing practice for the construction of bottle
props:

Prop Radius
Cyl. Dia.
Angle (deg)

3.5
2.88
26

6
-5
L6

6
-5
L2

6
6
1s

6.5
6
1s

7
-5
16

Although bottle props do not form true helical pitch and the blade centerline is
curved, they have in fact proven themselves in competition. In practice the blades
are warped using parameters from the above table and then g.luing thg blades to the
prop spar using a pitch gage to set both blades at the desired pitch setting.

btade centerIine (deg.): ,,; ALSraDeg#

Angte of Prop CL to Cytinder CL (Rad)

,' 
Cy t i nder Radi us

Propet I or Radi us

16
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7) Peanut and No-Cal Propellers

Tlpical PeanuVNo-Cal Propeller

pgr. peanut and 1o-ca.l propellers are similar in design details and are built with plug
in blades so that the pitch sbttings on each blade canie adjusted.

Prop shafts are bent from 0.020 music wire with a reverse 'S' hook to hold the
rubbeq. The length of the shaft should just be long enough to accommodate the front
bend, hub, washErs, and thrust bearinj\noseblocli. ThE rubber hook, when viewed
from the rear looks like a reversed 'S'. This causes the rubber motor to center itself
in the middle of the reverse 'S' and thus minimize the likelihood that the motor will
work itself off the hook.

For washerg, w9 u;g a short pieqe_ of Teflon tubing (0.10" \ .02A: ID, 0.040" OD) and
sometimes back this tube uir with small Teflon riashers (.090 OD)'purchased from
Indoor Model Supply.

Tlt p.lgp nf!! a.plastic-tube (0.60" L, 0.070" ID, 0.120" OD) cut from the ink tube
of a 'Pilot BPS' fine ball poinf pen. These ink tubes are cieaned bv pullins oioe
cleaners through them that'are dipped in acetone. A short piece of barirtioo (O]t0"^t,
q.gzq::P) it_ cE{rtered in the huti'and a drill press is used to drill a perpeirOiculai
0.020" hoie for the prop shaft.

To assemble the hub and shaft, the shaft (with washers in place) is pushed into the
0.020 hole in the hub and a 90 degree bend is made 0.123 in. froni the front end.
Check that the hub and shaft are pErpendicular and glue with a tiny bit of CA On
the front of the prgp, build up a bif of baking soda aro[nd the shaft ahd hub and hit it
with some more CA. This will eliminate any possibility of the shaft breaking free
from the hub.

Th9 p*q spgt are from bamboo skewers and are typically 1.0 in. long and are press
fit (n-ot glued) into the hub. The fit between the hub and 

-spars 
is critical: The 3pars

should be snug in the hub so that blade pitch will not be chdnged if the model bu-mps
into the ceiliig, but not so tight as to prevent intentionll pitch changes. fo

L7
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accurately size the prop spars, we use a jewelers draw plate purchased from Micro
Mart Tocit Co.

Some typical blade shapes for peanut and nocal props are:

NoCal Propeller Blades

The prop blades are cut from 5 to 6 lb/ft3 quarter grain balsa sheet 0.050" thick and
sanded to_weight and dimensions. The blade blanks are tapered to about 0.018" at
!!q !ips. Sand a thin airfoil section with the trailing edge hbout 0.01.8" thick. The
finished weights of the sanded blades should be identical. -

Assemble the blades and prop spars by carefully cutting a slot (0.60" I+ 0.070" W) for
the prop spar and gluing the spars to the blades with CA (alignment is critical).

Next, soak thO blades in hot water for 30 minutes and heat form them to the desired
pitch setting as described in the previous two sections.

Fel! tlp pens (elMa-rko_permanent)_are used to color the blades. Allow the ink to dry
and then sand ligtttly. If you can afford the weight, Tamiya acrylic water based paint-s
glve a very nice finish. Again, check that the finished blade weights are identiCal. ff
necessary, add a bit more finish to the light blade.

Finally, assemble the blades to the hub using a pitch gage to set both blades to the
same pitch setting. A rule of thumb is to initially set the pitch at 1.5 times the
diameter. For example, an 8 in. diameter prop would have a pitch setting of. 12
inches.

The following table provides typical values for peanut and nocal props:

6.6 D IOP 6.5 D c|.5 P

Peanut Propeller Blades

q.q D 15?8.gD 13P
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Peanut NoCal

Diameter (in.)

Pitch (in.)

Weight (gm)

6.0 to 7.5

9toL5

0.5 to 1,.0

9.0 to 12.0

15 to 20

0.6 to L.2

Design & Building Indoor Propellers

8) Pennyplane Propetlers

Tlpical Pennyplane Propeller

Our-limjted-pennyplane and pennyplane propellers are similar in design details and
are built with sheet balsa blades and a balsa prop spar. Pennyplane propellers
leqglre a gr-eater degree of craftsmanship than- do limited pennfflane profellers.
Both should have about the same final weight but pennyplaire propellers are
significantly larger.

Prop shafts are bent from 0.015 music wire with a reverse 'S' hook to hold the
rubber. The length of the shaft should just be long enough to acconrmodate the front
bend, prop shaft, washers, and thrust bearing. The rubber hook, when viewed from
the rear lools like a reversed'S'. This causei the rubber motor to center itself in the
middle of the reverse 'S'and thus minimize the likelihood that the motor will work
itself offthe hook.

For nnrshers, we use a short piece of Teflon tubing (0.05" L, .020" ID, 0.040" OD) and
sometimes back this tube up with small Teflon washers (.090 OD) purchased hom
Indoor Model Supply.

Prop spars are cut from 1/8" balsa with a density of 8lb/ft3 balsa. The spars are 8 in.
Iong,0.125" D. at the center, and tapered to 0,0?5 D. at the tips. a drill press is used
to drill a perpendicular 0.015" hole for the prop shaft.
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To asqeqrble the prop spar and shaft, the shaft (with washers in place) is pushed into
the 0.015 hole in the spar and a 90 degree bend'is made 0.L25 in. from thb front end.
Check that the spar and shaft are perpendicular and glue with a tiny bit of CA On
the front of the prop, build up a bif of baking soda aroiund the shaft lnd spar and hit
it with some more CA Thitwill eliminate any possibility of the shaft briaking free
from the spar. The assembled prop spar, shafi and wash6rs should weigh aboui 0.28
grams.

Some typical blade shapes for limited pennlrylane and pennyplane props are:

_\l-7 D 5C)P

16 D EBP

Limited Pennyplane Propeller Blades

Pennyplane Propeller Blades

The prop blades are cut from 5 lb/ft3 quarter grain balsa sheet 0.035" thick and
sanded to weight and dimensions. The biade blaiks are tapered to about 0.012" at
thq fps_. Sqnd a thin airfoil section with the trailing edge 

-about 
0.012" thick. The

qtit$q weights of the sanded blades should be identiEal Typical blade weights
should be about 0.28 grams. Using a waterproof pen, draw a line on top of e-ach
blade to locate the pro! spar on each bhde. '

Next, soak the blades in hot water for 30 minutes and heat form them to the desired
pitch setting as described in the previous sections.
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Finqlly, assemble the blades to the spar. Some people cut a slot in each blade for the
shaft irrhile others glue the spar to ihe bottorn sur?ace of the blades. Out of shear
lazirtesq we p{9f9r to glue the spar to the top surface of the blades. Using a sFinge
(0.010 D neeOle) and-Duco ceirent thinned with three parts acetone, aiply h ttfin
ioat of cement to the contact areas on the blades and spar.

Use a pitch gage -to,position the blade ol the spar at the correct pitch setting. Glue
the spar to the blade using a small brush dipped in acetone to sbften the preglued
contalct areas. A rule of tliumb is to initialkiEt the pitch at 1.75 times the diani'eter.
For example, an 12in. diameter prop woulcihave a pitch setting of 21 inches.

The following table provides typical values for limited pennlplane and pennyplane
propellers:

Limited Penny Pennyplane

Diameter (in.)

Pitch (in.)

Weight (gm)

L2.0

20 to 28

0.7 to 1.1

16 to 18

22 to32

4.7 to 0.9

9) EZR Propellers

Ilpical EZB Propeller

To build Leglly good FZB propellers requires the greatest level of craftsmanship, the
best possible materials, and a lot of luck. Curreni practice dictates the use of large
diam'eter propellers wittr wiOe blades. A typical EZB prop is 14 in. diameter, Zg in.
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pilch, *gighs 0.150 gms, and will rotate at about 85 RPM when averaged over a 2l
minute flight.

Prop shafts are bent from 0.011 music wire with a reverse 'S' hook to hold the
rubber. The lenglh of the shaft should just be long enough to accommodate the front
bend, prop shaft, washers, and thrust bearing. The rubber hook, when viewed from
the rear looks like a reversed 'S'. This causes the rubber motor to center itself in the
middle of the reverse 'S' and thus minimize the likelihood that the motor will work
itself offthe hook.

Forrnshers, we use a short piece of Teflon tubing (0.03" L, .012" ID, 0.030" OD).

Our Prop spars are typically 12 in. long for a 14 in. diameter propeller. The spar is
spliced togethel from three pieces of 0.055 square balsa. The cqnter section is 3 in.
long and 5 lb/ft' !alsa,, The tips are 4.5 in. long qnd 3 to 3.5 lbftJ balsa. The spar is
tapered from 0.052 in.o at the center to 0.028 in.' at the tips. A drill press is used to
drill a perpendicular 0.010" hole for the prop shaft.

To asqemble the prop spar and shaft, the shaft (with washers in place) is pushed into
the 0.010 hole in the spar and a 90 degree bend is made 0.100 in. from thb front end.
Check that the spar and shaft are perpendicular and glue with a tiny bit of CA. The
assembled prop spar, shaft and washers should weigh less than 0.045 grams.

Some typical blade shapes for EZB's are:

EZB PropellerBlades

Indoor sheet balsa is typically 1,.12 i;:.. wide by 18 in. long. The prop blades are built
up from the very best 3 to 3.5 lb/ftJ quarter grain balsa sheet 0.010" thick. Using a
micrometer, 400 gn1 sqndpaper, and a sheet of glass, carefully sand the 0.010 sheets
to a thickness of 0.005 to 0.006 inch. Hold the sheet at onb end, apply very light
sanding pressure, and always keep the wood in tension while sanding. If you sahd
back and forth the sheet will buckle on the return stroke. Use a micrometer to check
for uniform thickness after every five or six strokes. Typically you will have to sand
two sheets to get enough wood for two prop blades.

lt+ D ?B Pl L

ILI D ?'8P
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Note that the -grail on th_e-prop blades is at a 30 degree angle to the spar. This
increases the chordwise stiffness of the blade. Sections of the sanded sheets are cut
to length and the top edges are preglued (Use a small brush and Duco cement
thinned with -4 parts acetone). Assemble the adjoining sheets on a sheet of glass
overlapping the segments v/ith 0.060 in. lap joints. Wittia small brush and acet6ne,
soften the cement to adhere qdjoinjng segmehts. The lap joints double thickness and
greatly increases the chordwise stiffness.- Another advantage of lap joints is they are
Easy io make and don't warp the blank as butt joints -do. Using a cardb'oard
template, cut the blades to their finished shape. The weight of each blade should be
less than 0.045 grams.

Next, soak the blades in hot water for 10 minutes and heat form them to the desired
pitch setting as described in previous sections.

Finally, assemble the blades to the spar. We glue the spar to the top surface of the
bladei. Using a syri-nge (0.010 D neridle) and-Duco cenient thinned with three pafts
alelo,ne, apply small drops of cement every 0.50 in. along the line of contact between
the blades and spar.

(Jse a pitch gage to position the blade on the spar at the correct pitch setting. Glue
the spar to the blade using a small brush dippbd in acetone to sbften the preglued
contact areas. A rule of thumb is to initially set the pitch at 2 times the d:iameter.
For example, an 14 in. diameter prop would have a pitCh setting of 28 inches.

23


	Designing-and-Building-Indoor-Propellers-Lester-Garber-PhD-1-of-2
	Designing-and-Building-Indoor-Propellers-Lester-Garber-PhD-2-of-2

