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Dear Friend,

Yes, that's right•••this is another issue of
IN ...

It is mainly the work of Thedo André, NL,. who
has made an impressive item on the subjectof sta-
bility of indoor models, including a computer pro-
gramme for your convenience ... if you have a com-

ning of June
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STATIC STABILITY MARGIN OF FID MODELS.

by Thedo André.
Bill Henderson's question about Neutral Point

calculation in the last Indoor News coincides with
the little discussion at the moment in free Flight
News about stability calculation. Free Flight News
published my computer program based on Wantzen-
riether's method from Vol Libre 26. So I think it
is appropriate to present the version for indoor
models of this program to Indoor News. I will not
discuss stability calculations in detail. A good
basic explanation can be found in ref. 1. The other
papers listed under the references may give more .
clarification (or add to the confusion!).

I will first give a translation of the original
Wantzenriether article, then I will present the
computer program with a compilation of results for
a number of actual models and I will conclude with
a description of the influence these calculations
have had on the design of my own models. Further
you will find a reprint of the American CMOS and
INP stability calculation methods from Indoor News
and Views October 1976.

The Wantzenriether article was published in 1982
as part of a series of articles about trimming
Wakefield models. I tried to translate it as
accurately as possible, so you can judge his
assumptions on your own. The graphs presented are
for wakefield models only. The last part of his
article discusses a number of different Wakefield
designs. I omitted this, as it is of little
interest to us.

NEUTRAL POINT.
by Jean Wantzenriether.

CaGLt doSt
NP=0.20 + •(1- do) h

1-T0.Co
Result as a fraction of wing mean chord Cw.

dGLt/do
acLuda : rradient. The Iift gradient of the tallftgradient. The lift gradient of the tail

section has to be corrected for the
exact aspect ratio of the tail. Ditto for the wing.
See next formula given. Schäffler suggests a
gradient of 5 to 5.5 for the tail and 5.8 to 6 for
the wing. I have used 5 and 5.5 for the tail, 5.8
for the wing, and moreover a value of 7 has been
used for a tail with a cambered plate section of
6%. These figures are not expressed as C. per
degree, but as C per radian.

Why a constant value for the wing, when our wing
sections are so diverse? On the one hand there are
too few C polars to be more accurate.
hand the design differences of our sections have
very little influence on dC_/da because of the low
Reynolds numbers. The same applies to the tail
sections, but for the cambered plate, and for this
alone, which has a very steep gradient. I took a
gradient of 7 for the cambered plate, though the
Göttingen 417a has a theoretical gradient of
8.7.... Its "practical" gradient is not known....
One can interpolate for other values of camber.

To calculate dCce/do from the dC,/dd. of the
tail section and from the tail aspect ratio AR+ :

dELt/do = 0.35
AR, +dcy/da.

Same formula for
the wing, of course.

With a good formula for the Neutral Point (NP)
one can determine the Centre of Gravity (CG) while
being at home, and have a good chance to end up
very close to the best glide position - both for
performance and stability at the same time. There
are two problems to solve: to find a formula which
is more accurate than the one used by Beuermann,
and to determine which static margin of stability
(SSM) is suitable for Wakefield models. I herewith
present you a formula - which you may modify as you

: ratio of wing and tail area's.
investigations led me to adopt for the

wing the complete projected wing area, includingfuselage width. For the tail the area is reduced by
shortening the span 40 mm for a normal tail mount
on a rolled fuselage, 20 mm for a classic mount on
a glasfiber tail boom, and a non-reduced span for atail mounted on wires above the fuselage. This way
I tried to take into account the reduced lift of
the centre of the tail: mounting plate, elastic
bands, etc..

want - and a study of a number of wakefields based
on this formula. This study allows you to make a
first choice of SSM... it is up to you to find the
most safe SSM in practice.

The neutral point, as you will remember, is the
longitudinal aerodynamic centre of the model as a
whole - like the 25% is the aerodynamic centre of a
sole wing section: a small change in angle of
attack does not change the aerodynamic moment of
the model around this point. A model with the CG at

rane and tael leeat between the points ofwing and tail mean chords, and the wing meanchord.
1 - doda : down-wash factor. The down-wash € varies

as a function of the distance from CG to
tail centre of pressure, wing liftcoëffi-

cient and wing aspect ratio.
this point does not have any stability and will
glide as a dead leaf... One creates stability,
called static, by placing the CG before the NP, at
a distance which is named "Static Stability
Margin", SSM (expressed as % of the wing mean
chord, Cw). When the SSM is well-chosen, one
obtains at the same time the dynamic stability,
that is the ability to glide under all circumstan-

For the graphs presented further on a mean Chw of
1.15 has been used, and a tail moment arm of 750 mm
(tail moment acc. to the french definition:
distance between wing and tail). All this is worked
out for aspect ratio's common to wakefield models.The down-wash factor varies around a value of 0.86,
more precisely:

ces at the lift coëfficient (G.) you want - for us
this is C of minimum sink.

Several modelling authors have studied the NP to
AR,
1 - dE

do

10 12 14 . 16
0.825 0.8550.8750.890

18

0.905our benefit: Beuermann, Crane, Bogart, Cole.The
last two are more for low aspect ratio's, which is
too simplified. Here we give the formula as used by lated:This is the formula by which de/do can be calcu-
Crane, Siebenmann, and before them Schäffler:



-0,2 1Vт•(}]
AR = aspect ratio; B = wing span(m); 1 = distance
from CG to 50% of tail chord (m).

:ratio of wing and tail dynamic pressures.
Dynamic pressure is YP. • vz. When the tail

flies exactly in the turbulent wing wake (not to
confuse with down-wash), the air at this place will
have a reduced velocity, which makes q/qu smaller
than 1. For our "average" wake with 750 mm tail
moment arm, gt/qu is 0.93, but only when the tail
is 70 mm below the tangent to the bottom of the
wing section. At this place the wake has a
thickness of only 80 mm, and its influence rapidly
diminishes towards its borders.

- 70 mm
750

On the other hand the turbulence of the wake may
improve the efficiency of the tail. So we may
neglect qt/qu in the NP calculation.

i0iCu unfluence of the vertical position of thewing above the CG. For our standard models
this corresponds to a maximum of 0.5% variation of
the NP, so we neglected this.

So this is the explanation of the general
formula for NP. A graph has been made, which takes
together several factors in the same way Beuermann
has done:

F
dGLt da

(correction factor)- aa. (1 -ae)
This graph is subdivided for three tail sections:
classic structure with gradients of 5 and 5.5 -
cambered plate with a gradient of 7. For each
section the graph is based on commonly used aspect
ratio's. To find F you choose the type of section
and the aspect ratio of the tail, and you follow
this line to the vertical line corresponding to
the wing aspect ratio. Example for a classic tail
with aspect ratio 5.6 and wing aspect ratio 12: F =

Using F you can calculate NP:

NP = 0.25 + F

Result as a fraction of Cu.

Do we now have the real position of NP? Probably
not..... there are too many inaccuracies which
nultiply each other. But one has a valuable
estimation of NP, and you can try other factors F
and other variations of wing and tail area. All in
all it is a more workable method than the simpli-
fied Beuermann method.

STABILITY MARGIN.
Having determined the NP position for a

wakefield design, one has to place the CG at a
correct distance in front of the NP - otherwise

said one has to know the true SSM for a wakefield
model. There is no such knowledge in the history of
the international wakefield class.... it will be an
exciting task to work upon this.

As an approach to this problem statistics have
been taken from 50 modern wakefields. The average
SSM is 0.47 Cw. But at the beginning of this
article we have well seen that this margin is very
important in order to obtain a good glide. However
the extreme values are 0.18 and 0.74..... one
wonders how to explain this! An analysis of these
models will help. But first three remarks.

1. 0.47, that is quite a bit more than the mean
values given by Beuermann. This is because of a
different calculation method, and because Beuermann
did not specialise on our wakefields with their
long fuselages.

2. In practice the SSM is not a precise
prescription, but a point around which you have to
vary the CG depending on the flight results. For
gliders Schäffler remarks: the most effective CG
may differ up to 10% (0.10 Cw) before or aft of the
calculated value. Note that a glider has a lot less
drag and inertia than a rubber model, and these two
factors increase the range in which
CG. Siebenmann mentions by comparison indoor
models, where the drag is even larger relatively
(low Re), and where the CG can be varied even more
without sacrificing dynamic stability. This is a
remark which is generally applicable when using the
NP formula. But when one specialises on one
particular type of model, the process of optimising
the SSM allows you to get within 3 or 4% accuracy,

3. Our calculations hardly are sufficiently
reliable to compare models which are too different,
like f.i. an Ostrogoth and an Aguin. But when one
has been able to accurately determine the most
favorable SSM for a model from one's own line, the
same SSM can make it much easier to design and trim
a new model of a similar conception, for example
one with the same airfoil sections and different
lifting surfaces. The calculation of NP and the
knowledge of the most favourable SSM should allow
us to make real progress in the design of new
models.... there exists a clear tendency in glider
design, that can be realised for wakefield models
too (and Coupe d'Hiver's of course.... that is why
I gave you the formulae).

..... Here Wantzenriether continues to discuss a
number of known Wakefield designs, which is of
little interest to our purpose.

BASIC PROGRAM TO CALCULATE SSM FOR INDOOR MODELS.

My program, written in Basic, uses the same SSM
formula as Wantzenriether. I too neglect the qt/qu
factor and the influence of the vertical distance
between wing and CG. This last factor is larger
than the 0.5% wantzenriether suggests, but its
value is nearly equal for all designs. I have
incorporated an estimation of da/do values for
cambered plate indoor sections, see figure 1. The
slope of the line is chosen to get easy to use
numbers and is not based on any measurement or
theory, This graph also shows the line wantzen-
riether uses for outdoor sections. The program
outputs a table of SSM for each combination of wing
and tail camber. See example output.



Another facility of the program is the automatic
calculation of wing and tail mean chords and their
position relative to the root chord. Figure 2
defines the input parameters. For models with
rounded wing or tail shapes you have to substitute
this part by a tapered panel with the same area and
an appropriate sweep-back. The calculated mean
chords are mean geometric chords. In fact I should
have used the mean aerodynamic chord, which differs
from the geometric chord in cases of non-elliptical
span loadings, see ref. 8. It makes little dif-
ference.

As a bonus the program also calculates the SSM
according to the INP method (lines 420-440). See
reprint elsewhere in this issue. The polish DS
method is an exact copy of this method (ref. 9). I
used the standard value of K (K=1.5), and did not
bother to incorporate the formula presented on the

Do not treat the calculated SSM value as gospel,
but use the program to discover the relative
effects of different parameters. Tail aspect ratio
f.i. is a very powerful way to influence the SSM.
When you design your model around a SSM value of
10 - 25% you can be pretty sure of a good flying
nodel. Only practice may lead you to the optimum CG
position. But that would be the subject of anotherarticle! Not an article by me, as I found it very
difficult to perform accurate flight tests. Who?

SOME REMARKS ON THE MODELS FROM TABLE 1.

Table 1 lists the SSM values for a number of
modern microfilm models. Note the wide variation,
from -0.05(!) to +0.37. And how much difference
there can be between models of apparently equal
design (Hunt/Pyum, Siebenmann/Butty). It is also
clear that the INP graph gives inaccurate results
for models of unusual design. The K-factor has to
be calculated.

The figures from table 1 facilitate a better
comparison of different designs. I will give some
comment on the designs to give you something to
think about.

The figures show that Richmonds Film Flam is
only uncommon for its size and low wing camber. It
has average proportions and a safe SSM. CezarBanks' design raises a big question, negative SSM!.His later design has a larger tail (see ref. 10),
but still has about zero SSM. Those who were
present at the World Championships in Johnson City
will surely remember his dramatic closing flights,
which heavily stalled down. Of course his large
diameter and highly pitched VP prop was the main
cause for the stalling, but his low SSM did not
help him. Richmonds decision to chose smaller than
usual propellers and generous SSM brought him the
We title. Remember his winning flight in hurricane
Charlie, Cardington 1986!

TABLE 1

Flyer Model

STATIC STABILITY MARGIN OF F1D MODELS
Wantzenriether Method

Source WingTai1 %
area area

AR
wing

AR
tail

sgdm

Wing
mean
chord

mm

L+/
Coe

Wing Tail
cam-cam-
ber ber

% %

CG NP SSM SSM
INP

% % % %
Richnond Film Flam 86 IN3/86 14.70 6.50
Banks Ordinaire 84 KPB
Randolph Top CatHunt Big Square(B ebennanm ecrepter'x le 5920 12. lg 7: 10 ga

EC 87
Butty
Ree

Miracle 86
R65/11
Indooree 87

Orsovai Hymenoptera
Opole 87

Rodenburg
Kujawa
Nore
Nimptsch
André

Ardea IV
SK 87
Cardindoor
Cat 1
A
E2

3

3

3.38
3.27

*3
5
4.5
4.5

*4.5
5

"5

6
5
5

6
*3
4.5
4.5
5

AraciiacdoNuvoadoo
94
67
79

158
134
147
116
140
153

72
82
74
81
95
93
90
93

120
89

23
-6

7
25
9

37
10
24
35
10

22
4

12
-3
-6
14
-6
-6
-7
18
10

-1
8

25
17
11
25

2

22
23
10
15
10

Legend: AR = Aspect Ratio
L+ = Tail length (k chord to lu chord)Cw = Wing mean chord
CG = Centre of Gravity

KРB = Korsgaard 1986 Plan Book
FF = Free Flight News
NF = NFFS Digest
TS = Thermiksense

SSM = Static Stability Margin
INP = Stability margin acc. to Instant Neutral Point Method (for K=1.5)

Note: Values indicated with e were not given on the plan and are my own assumptions.



With their tanden designs Hunt and Pynm tried to
• get as much lift as possible from the tailplane

(ref. 11). The limited wing span rule forced them
to look at such a mean. Of course the model has to
be trinmed such that the wing still flies at
optimum incidence. This incidence is determined bya good combination of CG position and wing-tail
decalage. Hunt's model has a larger SSM and thus a
lower tailplane loading than Pymn, while both
models have egual tail camber. Reducing his tail
camber to 2% results in a SSM of 10%, still
sufficient, while the tail still has the same
loading, but at lower drag. Hunt and Pymm used the
rubber motor to bring the CG aft and consequently
had to use very small props. In ref. 12 Hunt shows
that a reduction of prop diameter results in
remarkably low efficiency loss.

Siebenmann was thefirst who examined tail plane
design for indoor models. His article in Free
Flight News 76/10 was an eye opener for many. He
warned for models with a too large tailplane
combined with a too forward CG. His Archaeopterix
was designed for a highly loaded tail and optimum
CG position. Flights with a test glider led him to
an optimum SSM of 0.27 for best stability and glide
performance. But in his computations he used the
wing root chord instead of the mean chord. That is
why the Archaeopterix has such a large SSM. He
nevertheless achieved high performance at the 1978
World Championships. His Bacillus has much less SSM
and also performed very well. The Swiss nearly beat
the USA in West Baden. The latest Siebenmann and
Butty designs again show different SSM values.
Though the exact CG of Siebenmann's design is not
known, his model has a comparable mass distribution
to Butty's model. Personally I see little benefit
from the highly cambered tail sections they use. It
is very difficult to bring the CG further aft,
certainly when one uses a suspended stab mounting.
So you always arrive at a sufficiently large SSM
to allow less tail camber.

The 1986 Ree and Orsovai designs had moderate to
low SSM values, but on their 1987 models they
further reduced the SSM while lengthening the tail
moment arm. Apparently they were inspired by my
design. May be they can tell sonething about the
effects they noticed. Their results in 1987 and
afterwards certainly do not show a performance

Otto Rodenburgs Ardea IV is in my view the best
"floater" there is. Till now at championships he
has not had the luck to get his model often enough
near to the roof, but his performances at Schiphol
hangar (25 m ceiling) are outstanding. Note that
the other models which have a SSM of 10 - 20% all
are models with a good cruise performance.

SSM AND THE DESIGN OF MY OWN MODELS.
The SSM calculation has been instrumental in the

design of my own models. I built my first indoor
model in 1974, a Super Penny Plane by Rol Anderson.
Till 1982 I built Penny Planes, but I flew very
little as my main interest was outdoor free flight.
I always had stability problems, as I continued to
try to fly with as big propellers as Dennis Jaecks
used, I tried all tail shapes and tail sections you
can think of. I even placed the tail 100 mm below
the tail boom, attempting to control the power

In 1982 Wantzenriether published his theories in
Vol Libre and I tried them on my wakefield. I cut
the tail down to 3 dma and achieved a much steeper
and higher climb. On hindsight this improvement may
have been partly caused by the faster and steeperlaunches which I began to dare then. But I got
definitely interested in SSM. At that time I moved

into an apartment of my own and took up serious
preparations to build nicrofilm models. I knew Icould build them, as I had already built a coupleof "wobbly-floppy F1D-like creations" in 1976. Myfirst designs were based on Siebenmann and
Rodenburgs designs. See model A in the table. Atfirst they performed well, but when my flight timesreached 25 minutes also the power stalling problems

Otto and I had noticed that the tail always had
a tendency to wash-out its tips considerably. Thisincreased the incidence difference and rapidly led
to a stall: I tried to reduce the washing-out byusing a tail section with a far forward point of
maximum camber (30%) and a straight rear part. The
tail planform got a straight leading edge. These
measures placed the pressure point more forward of
the flexural axis and reduced the pitching
coëfficient. My later designs still had this
tailplane design (see Korsgaard Plan Book).
stalling problems diminished, but not sufficientlyto be able to handle the large launch torques
needed for high ceilings.At that time, by the end of 1984, I had an eye
on a team place for the next world championships.
So I had to solve this problem. At the same time
Indoor News and Views and Indoor News published the
designs of the Nagoya winning American models.
Their very wide wing chords took my breath and Irealised I was dragging way, way behind. On a quiet
autumn evening I took my calculator and tried to
figure out, using Wantzenriethers SSM method, what
a wide chord Bacillus-like model would look alike.
I ended up with a compromise model with a SSM value
between the values of Banks and Bacillus, and a
fuselage length of nearly 1 meter! Note that the
tail moment arm compared to wing chord has a
mediocre value and is not extremely long. The wingchord was limited by the width of my model box. Anestimation of the mass distribution indicated a CG
of 85%. I estimated the weights based on my current
models and figured a total model weight of 1.15
gram. With 20% more wing area this still gave me a
10% lower wing loading compared to most other
people (except for the Americans), and I had
something to strive for to get the weight furtherdown. It then took me more then six months to get
accustomed to the idea of me building such a model!
I succeeded however, as the first model came out at

I saw a low SSM as a good mean to control the
power burst (small incidence difference), but I
also gave the model a drooped tail boom (5°). It
had a 5% camber tail section, to allow as much load
on the tail as possible. I had to wait till January
1986 to make the first flight under very turbulentconditions. The model immediately tail slid and didnot recover. I had forgotten that a drooped tail
boom aggravates a tail slide! So the droop angle
was reduced as much as possible. The next flights
were made in a low ceiling gym hall and showed a
very shallow and relatively fast flight. Themicrofilm covering entered the tail leading edge
very flatly, indicating a very low incidénce angle.1 then changed to a 3% tail section. On its first
full flight at Schiphol in March the model did
29'28, without any power stalling, and got me on
the team.

I will not tell you how hard I had to work in
the following months to build and test and repair
five new models.I wrecked 7 wings in all kinds of
accidents, collisions, opening hangar doors, etc..
But all models showed the same flying behaviour and
were able to handle a very high launch torque and
hold a very steep climb angle. I had to test on 1/3
motors to stay clear from the ceiling.



After the championships I again tried a 5% tail
section and a more aft CG. Though this model
brought me a Cat. I world record, on later flights
I was not fully satisfied with its flying behaviour
and changed to 4% tail camber. I subsequently flew
a model alternatingly with the wing at 85 or 80% CG
position, also in Johnson City at the Indoor
International, and got the feeling that this
certainly brought no reduced performance. So my
latest version is designed around a SSM of 10%.
has a high aspect ratio suspended tail and a tail
camber of 3%. Best flight so far is 34'19 at
Schiphol, already 18 months ago. We have had little
or no opportunity to fly since 1988.

SOME CLOSING QUESTIONS.

I already said that the vertical position of the
wing has an influence which can not really be
neglected. The wing exerts a nose-up moment, moves
the NP forward and reduces the SSM. The thrust of
the propeller has the same effect, as long as the
thrust line passes below the CG. In fact all indoor
models effectively have upthrust, even those that
use some down-thrust relative to the fuselage. The
wing is mostly set at 1° relative to the fuselage,
but the wing flies at about 5° incidence. A high
wing position and propeller thrust tend to increase
the wing incidence. This means that the optimum
glide trim is not equal to the powered trim!
Another effect is that the wing centre of pressure
moves forward and further increases the incidence.
How then can a climb be stable? Only when the
thrust decreases, but then the model will tend to
fly at a smaller incidence in the cruise. While youall have observed that a model will tend to pitch
up in the last phase of the descent. Somewhere my
reasoning is incorrect. So who can clarify the
effects of power on trim and stability?

The phenomenon of the tail tips washing-out is
well known. It can be noticed on almost every photo
of a launched model. In ref. 13 Hewitt Phillips
gives as an explanation that the tail tips wash-out
due to a decreased loading, but that is in
contradiction to the power effects just described.

Mass effects are not incorporated in SSM
theories. Heavier models with larger mass inertia
need a larger SSM. Another mass effect is the
pendulum effect of a high placed wing. I could not
find more information on these effects. Who can
tell something about this?

11. Bernard Hunt, Design and flight simulation of
indoor duration models using a home microcomputer,

Flight Experts Forum 1986.
12. Bernard Hunt, Development and testing of indoor
propellers, SMAE Free Flight Experts Forum 1987.
13. Hewitt Phillips, Aeroelasticity; Examples,
Causes and Cures, NFFS Symposium Report 1987.

I do not have the original articles by Beuermann
and Schäffler. This latest was published in
Mechanikus 1966. Can anyone send me a copy?

Can anyone translate the other SSM methods given
.in ref. 9?

Thedo André,
Venusstraat 49,
7557WP Hengelo (0),
Holland.
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10 REM *** STATIC STABILITY MARGIN FOR INDOOR MODELS ***
2O FEM *** Extended Wantzenriether Method, Vol Libre 26 ***
30 REM *** by Thedo Andre ***
40 INPUT "Model name";A$
50 INPUT "Root chord";C1
60 INFUT "D/H break chord";C2
70 INFUT "Tip chord";C3
80 INFUT "Inner panel span";B1
90 INFUT "Tip panelspan";B2
100 INFUT "LE sweep at D/H break";S1
110 INFUT"LE sweep at tip behind LE at D/H break:";S2
120 INPUT"Inner panel dihedral";V1
130 INPUT "Tip dihedral (vertical height above D/H breal:)";V2
140 INFUT "Tail root chord";C4
150 INFUT"Tailtip chord";CS
160 INFUT "Tailsemi span"; B3
170 INPUT"Tail tip LEsweep"; S3
180 INPUT "Length wing TE to190 INFUT "CE (fraction of root chord)";2
200 AS=5.2

230 PRINT "Model: ";A#
240 FRINT "C1:";C1;"C2:";C2; "C3:":C3; "B1:";B1;"B2:"; B2; "51:"; 51; "S2: "; 52; "V1: ";V
1 ; "V2: "; V2
250 FRINT "C4:";C4; "C5: ";C5; "B3:"; B3; "S3: ";S3; "L: ";L; "Z:"; Z
260 B1=(B1^2-V1^2)^.5
270 B2= (B2^2-V2^2)^.5
280 OV=(C1+C2) *B1+(C2+C3) *B2
290 0S=(C4+C5)*B3

310 B=(B1+B2)*2
320 ARV=(B^2)/OV
330 ARS=( (B3*2) *2)/OS
340 CV=OV/B
350 CS=0S/(B3*2)
360 M1=(2*51*C2+C2*2+S1*C1+C1*C2+C1^2) / (3*(C1+C2) )
370 MZ=(2*S2*C5+C3^2+52*C2+C2*C3+C2^2) / (3* (C2+C3))+S1
380 LV=(M1*(C1+C2) *B1+M2* (C2+C3)*B2)/OV-CV/2
390 MJ=(2*S3*C5+C5*2+S3*C4+C4*C5+C4^2) / (5* (C4+C5))-CS/2
400 L1=C1-LV-CV/4+L+M3+CS/4
410 L2=(1-Z) *C1+L+M3+CS/2
420 T=L1/CV
450 Z1= (Z*C1-LV)/CV
440 1=.25+T/(1+1.5*OV/OS)-Z1
450 PRINT "Wing area=";USING "##.##"; OV/10000;
460 FRINT " 5qdm";
470 PRINT TAB(40) "Tail area=";USING "##.##";OS/10000;
480 PRINT 5q dm (";USING "##";0;
490 PRINT
500 FRINT "Wing aspect ratio=";USING "##.##";AFV;
510 FRINT TAB(40) "Tail aspectratio=";USING "##. ##"; ARS
520 PRINT "Wing mean chord=";USING "###. ##";CV;
530 PRINT
540 PRINTTAB(40) "Tail mean chord=";USING "###.##";CS;
550 PRINT
560PRINT
570 PRINT
580 PRINT
590 PRINT

"Tail moment arm/Wing mean chord=";USING "#.##";T;
TAB(40) "SSM INP (K=1.5)=";USING "#. ##"; I
"Centre of gravity (rel. to mean chord)=";USING "#. ##"; Z1

Wing camber (%) "
600 FRINT "Tail
610 FOR I=2 TO 7 STEP .5
620 PRINT " ";USING "#-#";I;
630 NEXT I
640 PRINT "camber (%)
-------=_'
650 FOR I=2 TO 7 STEF .5
660 AV=5.2
670 AS=AS+.2
680 PRINT USING "#.#";I;
690 PRINT" ";
700 FOR J=2 TO 7 STEP .5

710-790

SSM
Tail
camber
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5

2.0 2.5 3.0 3.5
Wing camber(%)

4.0 4.5 5.0
(%)

0.00
0.02
0.03
.04
05
.06

ON THE NEXT PGE 6.5
7.0
Ok

0.08
0.09
0.10
0.11

01
0.00
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10

-.02
-.01
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

-. 03
-. 02
-.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08

-.04
-. 02
-. 01
-.00
0.01
0.02
0.03
о.04
0.,05
0.06
0.06

-.04
-.03

02
-. 01
-.00
0.01
0.02
0.03

.04
0.05
0.05

-. 05
-.04

03
02
.01

-.00
01

0.02
03

0.04
0.05

(38%)v2:

52: 25 V1: 15

Kc

Model: F1D 1986C1: 220 C4: 140wing area=13.72
5.5 6.0 6.5

-.06
-. 05
-.04
-.03
-.02
-.01
0.00
0.01
0.02
0.03
0.04

-.07
06
05

•.04
03
02

..01
00
01

о.02
0.03

07
-.06

05
-.04
-. 03
02

-.02
-.01
0.00
0.01
0.02

Wing mean chord=214.51 mmTail moment arm/Wing nean chord=2.63Centre of gravity (rel, to mean chord)=0.
7.0

-.08
-, 07
-.06
•. 05

04
03

•.02
-. 01
-.00
0.00
0.01



710 AV=AV+.2
720 N=.25+((.35/ARV+1/AV)/ (.35/ARS+1/AS) )*(1-(.73/ARV*(1+(1+(B/(2*L2))^2)^,5)))*
OS/OV*L1/CV
730 S=N-Z1

750 FRINT ";
760 NEXT J
770 PRINT;
780 NEXT 1
790 END

F
FOR TAIL
WITH NORMAL
"STRUCTURE"

10 11 12 13 14 1516 17 18
0,70

0,60 4
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0,70 5

4

CAMBERED
PLATE

0,60
0,90

0,80

ASPECT RATIO TAIL7
6

5

4

0,70
10 12 13 14.15 16 17 18

ASPECTRATIO WING

INSTANT NEUTRA! POINT

The Jan. '73 INAV had a ravlew and rocap of the CYOS
balance method. In the past two of three yosre, Yul Crane

anothor Bystem to locate thenaa been developinie another va'¿ros article that tepoint - or to put coaputethe static Isr-
It was pointed

not axactly fit indoor models.baBic chart waB developed for a-z towllneie does nao aand thue does
provisionTor difrerent aspoct rablo er vingera s1ab.
thus alloving comparison of ressonably diversedesigns.
lal'a method can bo adapted to various designa by using a

but tro chart shown oi

aro now common PennyPlanos

18 to uno at loast 10f static margin; thai 18,should bo at loast 107 of the averago vino chord anoud oi
the noutral point.

uBing INP.

a sethod calle forless computation, but requiras Boveral gusses. At this
soveral years of experienoe with CMOS has pinpointedthe bont range of balance pointa, but inlo advantago con

Thin Bodod Will nave
Purelage and tail buonplus wing location,11aenho ba:10 procedure 1B aв Sollowa:will be as shcwn in Flg.

ving ana': vote that the axample mode.
which 1s &apecial

in (Janstab•.*z INAV) for conputint averaze chord uta penod wine



ta1l moment arm).

3. DirIdo 1e by Cr, aTo.
4. DIrIdo stas aree (8z) by king aras (Bu).

sorreaponding %otho propor's/Bu.5) and extond the 11ne
n tho X-axia of the chert to the oxtonded 11no,
acrosa to the nourtal point (NP) on the Y-axis..

7. Comparo the XP 100Rt102 Nith tho CO 1000210n.

754 5.2

3.5

Fic 1

7

12

Tt

5.0

12

EIc.2
Working with tho spoclfled dinensione of our "tosted"nodol, Iolloning figuros cono out,
1. Си, ато = 7. Сч, ато = 4.

(Fron F1B. 1, noto that It 18 definod

Thus, Iron Flg. 1
18 =9+3.5 +5.2 = 17.7.

3. 1ч/Сп,ато = 17.7/7=2.53
Rofor to p.

Noto that this11ne 18 theBano for allmodels bullt
thla aano dosign.

сu.
rear ving post.

Тва ово се іб53-43а 207.0 Тв2.05/7 2 1003 = 2904% 28т61л. Bince Hal recommends about
tho bypothetioal model

ward; as a rosult both the flight afflolanoy and the raf-
tor banging qualitlos u11l bo impalrad.

tho tial-aBddesror
the axample aboveo Do noved forvajale can arnuno that the ving w111

ahoad of tha raar book, or I'5"auead" ving Jocatlon
It/Cw,ara =Ie 17.6.03
11, sasgіn, voll viihln propor 11m128.

oy another sethod to computo static
1t with this guy, anyhor?
bollef of many top fllers that computation of statlc nar-
gin 1s one of the majorahortouts to high-level perfor-

raspaotablo performanco.
once anyono trlas balanolng models with sono mothod of
statlc margin rather than by sono arbitrary CG location,
thoy uoually continue rogardloss of tho bother of compu-

ration.It l0 a measure of my own conviction that this
10 vital that I tako time to compute CHOS on all modolspresentod. In the future,INP wi1l also be given for al1models with lon aspoct ratlo vingo.

DESIGT: FOOTHOTHS
Consrant Marein of stabllity

Sinco CMOS vas Introduced in the Jan.
stick modol
balance charts. Variousquestions about the sethod led tothe devolopment of an info packot on CKOS which was avall-ablo upon roquest. Thisprosontation la further explana-¿ion on how to use CHOS to design bettor modols.

for constant margin of srabillty.
modol'a stability differo fron noutral acatility. (ATodn upste neutra naterat attitud tondonlen porseiyeIron upsat or a un-natural attitudos.)

•14h 11811v0 50b1l,tethe model tende to recovor from upset,
By choosing an optimum tend to get worse:¿o have a new nodol aloat perfoctay thitnea beroro
Zoaveb the workbench. 1t should never be nec-

daypene with new sodelo that guat bo flownthat certain

zeroB 1n favorite marzin,
can bulld other dosigne with amininun of adjustnent prob-Jens to cope with.

originally publlshed in the Doc.STRalNY PuLroC 1nne Ddenp if Hrakco0adao
designed for A-2glldera Instoad of indoor models,gives relative stability flgures which aro analler thar.Lhe absolute stability of the indoor model.this difference may amount to perhapa 20% margin, the
method allows direct comparison and
results were correct.

Many people tend to shy away from CMOS because of the
the balance diagras 10

ion 1 t od daaa, soaloe the dottee tine de Tros de
o tho 0x 11no and acrose to the Y axis at 8.55"
ho rear post should be located 8.55'

If the stab tilt
only incidence and thrust Iine should neod to b
sood flying modol!

ration form,
oing with span chora, avora co
cMos chart (extrapolatod 8? the

ratio = 4.3:1
bot hare ahave (e)atorpolazod; the intersoction on

Tal1 moment arm 18 ubually defined as the distance be-
twoon 25% of averago chord on the wing. tho sazo point

AB a baginning ezample,

dimensions an
2, 25p of wing and atab chorde

Feaheetoio Soted tee
tra111pg,or leading odges.to roach ihe rear hook,

to dofino the tall monent ara.

The CHoS nethod 1s & graphical solutionatos soveral computationa defining a atraigat 11n0.

ana bt sron the,v111 bo 1" fros the
To0 v100K
point to nose) and y

(distanco fron rear post to balance
Flg- 1, vorking fron valuos in tho box

The computations discuasad above wore al80 made with
the otipulationof 07 sargin - the aorodynanie conter and
conter of gravity &r0 coincidont.

Noto
This Blapllflos the

that F1g
ance lineв - +5%, Only theotne waseseu:
latod in Fig. 2, and the other two lineswore establluted



by moting the os l1n0 05 X 4 (4'
гесtiод. ibroo dorted linos on Fig.aVE• chord) in each di-

1 showving looation that different cholcos of stabilitythe effoct on
1l1 haves foer ving poat locations are 8.8•3" Sron the noBe , 8.55% ananandas tho sargin changos from +5% to -55.
verage chora.
1th parabol1Taa rould stiil ba oo 23same as boforo.
that thi wing 1a' 1.," vidor

span root MIng
chord thoand arerago chord wouid bo

computation wouldthe root, alf in front
becomeocone sss", uck
nd 19.45.

11ne Mil2 not ghango•'The alope of the graph andlocationof the 0f

The locatlon of tho end-polnta of the avorago.chord 1a
conteriino.Con1er11ne.V1nge syametrical With rospect to tho latoral
root cho d apog.ahortcut for locating mean chord of winge.
5oo chocd and aroa 11th a span of 25.

tha T.E. dimension checked to ber tlooeson chac lho vine plonrora Neo uoea n
puto
rospoct to theCGformula shown

hen measuro whero the co i.coia
Compute the margin according to the

from the nose.
hov much variationThe margin computation shovs dramaticallypossible betweendosign which vary in bslance modela of the sano
model DOBEEA might have of
tly ae vell as modol B! to make 1t

15% Av. Ch.
L.I.-4

•17.9. SToll Moment Artl ra- 25% Av. Ch.
-Av. Ch.

16-4l
(V) 7

1.E.

Av. Ch.
5 (2) 12

л. с. -70,8 х 17.9 x.46 -2.7 1:331:' .3:44-T.E.
•7: CGA- A.C.

Stability Margin - 7 x 100 - 17.57
25% Av. Ch.→F- 3

L.E.- - 14,9 _ITall Momene Alaa- 25% Av. ch.
-Av. Ch.

(89—4м
(Y)_ 10

L.E.

• 2 (2)4 •12

A. C.-32.8 ×14.9 x.46-2.25 } = 7755 = :35::3: cF7E:Stablliey Margin =:25 x 100 - 6.251
MODEL SPECS: Wing Span 25 Wing Areo 10Q Av. Chord_4 Aspect Ratlo 6.25:1

Stab span_12 Stab area_ 32.8 Av. chord_ 2.8 Aspect ratlo 4.3:1Cf (from chars) :46
25% Av. Ch.-

1.E-
—3- 19,9_(Tall Moment Arm)

18.9 -25% Av. Ch.
•T.E.Fr.Cy

FAv. ch. L:E.

(x)
(Y) 1 Av. Ch.

Tail Moment Arm = 12 - 2.1 + 2 +}A. C. - Sing Arel x Tall Moment ArmX 68 Stabllfity Morgin " Av. "Chord• x 100%
- 3208 * 13.9 .46 - 2.1 (2 = 1) 1=.,:x9:1д. 1.+-т.E.
- 12.8 x 18.9 ,46 =2.85 (2 -6) ;-4.85.15 = x 5 5?.5 *-T.E.5.85

X = 5.85

Bosides the bonofito of more efficiont flying andready-made flight trim, models balanced near 0, margin bj• thie Bystem and adjusted with washin/washout wing trim arunually excellent raftor-banging sodels. Aleo, and thisLa not yot proven, CHOSbalanced models soen less affocteroy light drift than modols with high posilive margin auchas nodol a of Fle. 5.
Tnreo final points rogarding CKOS: Firet, Cr remalneunchanged so long as wing and srab dimensions und tallboomlongth romain unchangod. ChangesIn motor aticklongth can be handled by making a corresponding charge inooth X and y digensions. It le oaslest to usewing aros and build the projected

FAI and Yennyflane modols.wing to fit max ayan lialta on

-SS

CORRECTION FACTOR GI
RL-STABILIZER ASPICT RATIO

10 11 12 13
WING ASPECT RATIO

IOSE TO REAR POST
X-NOSE TO C.G

PLUmA-Bo. 0% menu chon=-K-0-e7o menemne100% MeaN Choao
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INSTANT NEUTRAL POINT
for INDOOR MODELS

Locate wing so that neutral point is 710% CunvE
behind the center of gravity

:''AREA RATIO
s/Sw Sw/St

0.5 2
4B

.420.4

.38
36
.34

..320.3
.28
'"0.25
.24
.22
0.2

2.5

3.33
4
5

5 = Area

DO IT YOURSELF
THEORISTS

TO MODIFY OR
VERIFY

2
TAILLENGTH, 2e/Cw, ave

(NP=25+ 1002+/Cu for K=1.51+K55
Chx9K.=(1-95)C6269t 9=42pVz

3 4 5 6
Ze from %uto %t

CIMAS
HMAAE

П-ШН-n
COLUMBIA INDOOR MINIATURE AIRCRAFT SOCIETY

Eo ehesueadeny ur pode fetn regue cala): menbere to belong
TO JDIN CIMAS you should:

1) Make a $10.00 annual dues check payable to"FRED DIPPEL"
2) Provido us with your NAME

ADDRESSPHONE #A TPTO ARE AU ARA CONTEST OINCE
Please mail the above to: red Dippe

IMAS TreasUrE
2 David Court
Glen Cove NY 11542

ruruee hon i dote ffece on d rebray yo." Rotunda sassion.
as a formalInterestedlan being a pastoofeis organization.
atAs perlo travay sty san tu yoox Libyery Rotunda locatod
Von club members may also fly uith the club for $10.00 per



Wigan Tech. 16th. Dec. *B9.
This was the first NORWIND meeting to be divided in two, Fun-Flying and
Contests,attendance was reasonable just before Christmas.
low,

Entries were
just five in 'No-Cal' Scale flown for the first time.

Models proved difficult to fly,
ThesesimpleJ.D'D's ultrafilm covered Fike

particularlyso. Bill Murray with a 13 inch
'E"WBB

span FRED came out on top.
P-15 Mod. with four entries produced some high times, the first flights
over 5 minutes under a low ceiling. Prizes were all wrapped in seasonal
paper making selection a lucky-dip.

'No-Cel' Profile Scale (best two) P-15 Modified (best two)
Bill Murray 1.08 1.11 2.19
D.Wolstenholme .1.03 1.03 2.06 BiIl Durrel S.15 4.08 19.03Bill Murray
John 0'Donnell 0.46 0.46 1.32
1) Mike Colling 0.28 0.37 1.05
2) Mike Colling 0.20 0.25 0.45

Mike Colling 1.06 1.03 2.00
South East Indoor neeting, 28th.January 190.

a number of things came together , a removal job ,
fellow modeller and a lack of employment ; making

ittle over an hour after leaving Clayton Green, two NORKIND pensioner
ined the M 6 in a snow storm, this turned to rain south of Harringtc

leaving the rest of the journey uneventful.

Crawley Leisure Centre is en excellent flying site, square with a floor
ores simular to Walsall the ceiling is around 30ft. and flat,obstructions are guide rails for dividing curteins, drift wai Rinimaly

On Model Windmills and Autogiros 1 1. Random Successes
and Failures. In 1959 I designed and built a snall autogiro powered with aIt actually flew quite well, which was pretty goodyear old farm kid from Iowa whose only information"odel magazines purchased with penniesrecall, the rotor blades were attached

saved from milking cous! to the hub via some thinDia.???) music wire; the rotor blades would thrash about,
but it did fly.

Later I built
"improved"

design with nore

rotors; it would not fly at all!
Thus began my

love hate relationship

with autogiros.
In 1986, twenty-seven years later, I was living in Rhode Island,small rubber

powered autogiro
(windmill airplane???)

with the indoor crowd at MIT.
It was easily trimmed and managed1 min 56 sec before it was lost in the rafters.loop of pirelli weighing

0.59 gms. with 900 turns.
rotor diameter of about 13
inches and probably weighed under Following this success, I of course felt that I now knew all thereto know about rubber powered autogiros!

For my next autogiroI selected a peanut scale Cierva C-4; boy wag I gonna show thogedown at Johnson City, TN next summer!
With careful building the modelweighed a mere 3.50 grans and had respectable scale detailing.Unfortunately this little beauty showed not thetowards stable flight:Several different rotor Bystems were tested, allStal1, dive, barrel-roll to n.slightest inklingand crash!

hell with autogiros.

shell shock. To be serious, thanks again from John and myself (D.Y.).
made us very welcome, they even said we could go again, must have been
Last but definitely not least,many thanks to Trevor and Janet Grey who

the timeslot, allowed for your'favourite' class was always too short.
between events was hetic, guarding models proved to be a full time job,and children, floor discipline was hard to maintein , the Free-For-A1!
iripes..with an attendance of well over a hundred, including spectator:

no comnents on this aspect, sorry.
final positions.Scale flying coincided with editorial lunch, so

Scale judging produced several tied scores,strange,as this was used

each other for the minor places.
, Laurie Barr was an easy winner, the next three pushing

some drifting into the side , most of the trouble was low down dueFlying conditions for E.Z.B. were very good, just e few collisions and

very tight behind these two, should have hod 'snother' slice of toast.
j each. Peter Frostick and the winner were weljl out in front,The H.L.G. entry of 21 was split into two circles,

sCOres мere
with four flights in

Results.
Mand Launch Glider. 21 entries 19 ecoree. 1.2 9. E.2.8. 22eniriee 18 ecores.

Best 3 fros 8 (teo groups of four). Beat tos tron any maber.
A. Jpp. Cinbridge, 25.9 26.8 27.3 80.0 1.Barr.
P.f roslick. 23.7 20.126.1 ".9

Vikings. 11.39 10.30
3.0'Domnell. C.M. 9.41 11.17

B.Beales.
D. Yales.

Croydon.
Nigan.

23.6 23.5 25.5 72.6 C.Hulchinaon. Chelasford. 10.35 9.57
29.2 23.8 23.0 72.0 D. Yales. Migan. 9.46 10.23

Open Scale (S.M.A.C.) Co?, Clectric.
16 entries, 15 etatls, 11 Cler:

22.29
20.38
20.32
20.09

scaifeinflying Total
N. Pepplott. S.A.M. 33.
C. Strachen. lepington.
R. Preney 77 lepington.
A. Druce.

Sopwith Tabloid.
Bristol Peler.
fokker D8.
Puzs Noth.

C. Mutchinaon.
C. Strechen.
P. Mesteraan.
J. 0'Donnell.

Chelasford.
lapington.
freebird.

C.M.

Peanut Scale.
31 enstite, 16 Clewi petnte

Faraen Poat Card.
Bebe bo4.

Mitaan Telluind.
fike 'C'. 1s

sec. Fiying Total
120
15S 16

World News,
Just like Butter , or should that be Low Fat Margarine these day's, our

fame is spreading, the January issue of Jórgen Korsgaard's Indoor News
has reprinted Reg Boor's article 'Pitch into this', ref.
changing the pitch of snall Plastic Propellers,more from Reg next time.
World News, 2)
A recent meeting of the F.A.l. has given tacit approval for the A.M.A.to run the 1990 F 1 D. Worid Indoor Championships, these will take place
at the Mini Dome (116ft) Johnson City, Tenneessea, thru 6th;June,folloned by the U.S; Indoor Championships. NORWIND will be there.
Commercial, 1
John O'Donnell tells me he still has several weights of Mylar availablethe lightest of these is between standard Candenser Paper and

very suitable for small Indoor models, P-15 Mod,and the likeyou cen contact John at any NORWIND meeting or ring on 061 427 3711.
Comnercial 2)
Those of you who have been to any recent Indoor meetings will have seen
Mike Collings Indoor Goodies Shop, Mike has lots of difficult to obtain
items from Lew Gitlow and others,his stock was reduced at the Clayton-
Green meeting where lots of Christmas money was spent, Mike has now re-
ordered from the Stotes 'NEW' stock should be in soon, placeyour order
now to avoid disappointment.Mike sells at a discount to NORHIND members
and ploughs all the profits back into our Assocation. This issue of the
NORKIND NENS has been sponsored by Mike's efforts. Thanks Mike (D.y.).

around a lot!) I built another
autogiro that weighed

(see attached plan).
This nodel flies quite well and will
ev

The best time is 2 min 24 sec powered with 1400 turns on a 15of pirelli weighing 1.5 gms.
The angle of the rotor disk (relativethe direction of flight) is quite sensitive, but stability is veryinsensitive to changes in CG and stab incidence.

The model can betrined toflywith the landina, teen mhe paand, without any trim adjustments,despite the large rearward CG
2. Back to the Books. Having experienced both randon висceввes and failures, Ithat I really didn't understand much about the aerodynamics, flightcharacteristics,

and stability of autogiros. So I decided to stopbuilding and read some books and articles on the subject.references are given at the end of this article.



Sone Significant Conclusions. The following important points came out of additional experimentation
and theße

readings: flap (rise and fall)should be limited by stopsThe ideal maximum angle depende on torque anddeternines the roll stability.
However, this maxinum angleshould be no more than reguired for stability because as itdecreeeae the retected aree de the rotor disk 1sincreases the disk loading.Increasing the maximum angle increaвes drag. If the daximun angle is too shallow, there will be toothe left side (viewed and the rotor disk will be angled towards the outside of

the turn.
In other words,

the nodel will appear to be
trying to roll out of the With flapping rotor blades,tilt and offset is required.probably be located over the center of gravity. Tounson's book (1) contains an infornative chapter entitled

of attack; Hindnilling

Autorotation

node (negative angle of attack).
6. 7. 8.

uro rotat eo the eneieook ae ackooe ate potor verdes. Blades operating in autorotation mode revolve at a slowerRto, the eio ete tatten prodtidl ote ie at e eo glven
The blades should have a high aspect ratio. For full scaleautogiros, low speed characteristice are determined by the

disk loading.
High speed characteristics are determined bythe blade loading (ref 3).

For model autogiros, we are onlyinterested in low speed characteristics, therefore thedisk loading should be minimized.
For a given model weight, disk loading is reduced by increasing the disk diameterand using rotor blades with high aspect ratiog.in dianeter having sheet blades that important and can be increased by using boron fibers. Young's excellent article(1) and some of sy experiments вееnto indicate that the autorotation

force is increasedhaving a large nose radius on the rotor airfoil. 4. A New Rotor Head Design. The attached draring entitled "Blade and Rotor Head Detail"design that incorporates the above principles.
This design is
simple,

easy to build, light weight, and well suited for snall autogiros. The be te raee slued to the teylae ttread at the hub. Thie allowethey rotate.
The maximum upward anddownward angles are limited by stops to about +15 degrees and -5degrees. Steeper blade angles increase stability but cause more dragand less lift, therefore the blade angles should mininized.stability determines the minimum allowable blade angles. 5. Current Results. To date two nodels (see enclosed photographs) have been successfullyTona terte to ne rire tio potie ad ae aoor vade at gieslteyTeo e, PeTe da polbltio leepotod o o at 20 do diapocor Lester W. Garber PhD2324 E. 5th StreetDuluth, MN 55812

Ph 218-728-6841152132 3302.



Joergen Korsgaard
Ellundt Handewitt

Dear Joergen,
I send you a little drawing which you may use for Indoor News.

This varible pitch mechanic is very much like most used by now -
with one fundamental difference: the tube in which the blades move
is made of a square piece of 3 mm balsa. This makes many things easier:
The alu pieces on the sides are essily glued on; the shaft runs in 2
glued on teflon washers; and the whole mechanic comes out with 6o mg!
(Kost others are between 8o and 12o for the heaviest).
The hole is made with a file of 1,6 mm dia., which you must of course
introduce from both sides.
Instead of bending the wire for adjusting the pitch, I glued a small
drop of resin on the end and drilled a o,3 mm hole for the small
piece of wire which is in the blade.
I had no occasion yet to test the propeller on a model, but I tested it
with 24 cm/g on a stand in my workshop. It runs well with about 40 rpm
ät the beginning and at the end, when the pitch goesdown.
This pitch is adjusted between 650 minimum and 95o maximum on a 500 dia.
prop.

A. Klinck
Kurt-Schuamcher-Allee 235
663 Saarlouis
14.3.199o

Wire 0,2

square
balsatube3x3 with hole 1,6

24

waskes

wiae 0,2

adjusting bothpositians

wire 0,3

Drop ofresin with hole0,2

165 70
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5T6: 900

200
110
110

110
110

480
SPANDUEITE
MAX: 650 мx
GEWICHT/EUE
Mivill: GRIMA TRAGTLCEL
07.5 PROFiLHUTWK

WH:016
F1D SAALFWGWODEL
М 1:5,MASCE IN MM
DEZEMBOR/ 1888WHROH

60
4Z

480650

60 125

220 (4)



7b. x12F ProrBLADES: 2º @ GR 030 TArA SPAR:8* %.
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112D7
ToncLENe

LANDINE GR
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.DÉ.

5.06 D.en
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.25A.125 @ CNTR

H1.

WEIGHTS :ROTORE POST .0.75
BONDIEE CÊBOD

TOTAL 2.79 gр
MOЪЕLGНT

.O:E Mo DINI
F6TRSFAR LOST

TSTION - BUOR GHAFT

RÔLE
ROTOR HUD

-BLADE BHAFT(TIP:NUD BEINGP NUR →,7° DIM
.015 Mw,

BIDE VIFW ROTOR HUB
7°

MOTORI M5X1EIRPIRELI 4O0TMOTOR:

Z0т6. Bx4.5 NOTFE RVHETARRIEMED MODELEEXERTIVETAPLEFORQUE...:
Tiesus TuRE (GLE TO MOTOR BTICK)
OTE: ANGLE OI

NT VIEW | THE MOGI
.19X.09,0 ENDS 8° LONG:

PCG(NOT CRITICAL)
LADES (5)

иохмы6W 020 O Grn 6.5X1.12
Дб..Tок TuoRC.=2*BNOL D2SBLROR БuerT.T250m5t70b6k

САЧЕ БЕДОТСBLADSDHUS.** роксоино Глся.
. 1.75 4.25 STÁ RuAO T5* 06R03

2.12
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O ZArade .
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60°
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SPO -AUTOGIROLESTER W GARBER
2324 E 5Th STREET Jester W Hanser
DULUTH, MN. 55812 JuLy 1989

STAs.Cn, STBA NN T AN TATCNVERY CRITICAL.
ROTOR DIsK ANGLE. CHANGE

ROTOR DIOK ANGLE BY ROTATING POSI

ROTATE ROTORROTATE ROTORE 05FIF MODEL DIVES;
CW (VIEWED

FROM TOP) & CÓW IF MODEL STALLE.
IF MODEL 15 UNSTABLE
BLADE ELALE UNS TAGREES EN CETOR EPM

MAKEVERY SMALL CHANGEG.
USTIOASGEMOHEL.OTOR

SYAB INC: 0°

.06 Tioauc Twae. 21

_0s sаR-

.18

015 -020 O6XO3 LE STRIP

2.2R\
4.12

REFLEX AIRFOIL

LE

A, B,C : 060 5QR.
HUB: BRASS 040 0D,
O2I ID,.20L.

I"R

5 1b QGR
BLADES.9

LEADING EDGE .2

•31 IL05T nR
.2 TL.7 •7

8"-

NOTE : STOPS ON HUB LIMITBLADE TRAVEL TO 15° UP, 0° DOWN:
IPPER STOP (06)LEVLART® SHAF - HUB
BLADE

SHAF

LOWER GIUE(EE SRAR) BLADE STOPS

РЕA
-LEX

HUB & BLADE
(STOPS NOT SHOWN)

HUB

-KEVLAR THREAD
TYP 3 SIDES

-GLUE

AUTOGIRO
BLADE & ROTOR
HEADDETAiLS

LDF684 Lutcskale,LESTER GARBER
2324 E 5 Th STREET
DULUTH MN 55812
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€ 520 Das 1GC?

virage
moteur 2°

• 3 mm
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+ 1mm
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