because | think I'm great at |t;

| fly because | think F1D
IS great and | want to be a part of it.
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LS "Make it stiff stiff stiff

"No one winds as hard as Kang does”




Agenda

. Journey to the saltmine (Slanic Prahova)
. Twist

Rescue

Motor

Students

R e
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Agenda

. Journey

. Twist of motor stick: ~9° between wing posts @ 4 Nmm
Rescue

Motor

Students
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T),t of motor stick @4 NmmBe A
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Agenda

. Journey

. Twist

Rescue team (France)
Motor

Students

I N e
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Agenda

. Journey
. Twist
Rescue

Motor: 1°400 turns @ 3 Nmm torque (best practice)
Students

R



| [F1D motors max turns and torque calculation for March 02 Tan 2
| [0.60g motor, torque in gcm. "Wind" = max torque x max turns/1000 |

The turns achieved depends on how

I
l
1 EotoL B e
LLL%veight (g() : ]I 0.60 ]I ]I |weight (g) | 060 | | |weight (g) _ | 060
| [length of strip (mm) 559 [323 | [length of strip (m] 546 | 364 | ]lepgth of strip (m| 533 |3 5%
| [thickness (mm) | 1.11 ]To,l., /ﬁ! [thickness (mm) | 1.14 ![ [thickness (mm) tl.r:; for

| [60K wind 7335 | 2032 | 291 |_[60K wind 7309 1963 | 30.1 | [60K wing 1763 1895 | 31.2

| turns torque | | turns [ torque
|
I

70Kwind 7405 | 2113 | 32.7 64| 2041 | 338 70K wind 1970 | 350
80Kwind 9 948 | 2172 2098 | 372 80K wind 2026 | 385
90Kwind 19 37 24358 a2 90K wind 73 2061 | 427

(6) : (7)

weight (g) 0.60 weight (g) 0.60 2 weight (g) 0.60
:length of strip (mm) 508 S35 length of strip (mi 495 0 length of strip (m| 483

thickness (mm) 1.23 _[thickness (mm) 15260 thickness (mm) 1.29
E tums | torque| | turns | torque turns | torque
:GOK wind 77 1761 33.5 | 60K wind 47 730] 1695 34.8 60K wind 40 1631 36.2
| |[70Kwind 72 27183188377 : 70K wind 7738 1763 39.1 70K wind 1696 | 407

80Kwind 4,55] 1883 | 414 80Kwind 7208 1812 | 430 80Kwind ;727 | 1743 | 448
| |S0Kwind 7732 1916 | 460 90Kwind 77295 1844 | 477 S0Kwind 77g3] 1774 | 496

| ©) 2 (10) (11)
weight (g) 060 | 7,35 weight (g) 060 | 738 - weight (g) 060 |7,47
| |length of strip (mm) 457 305" : length of strip (mi 445 293 length of strip (m| 432 288
5] turns | torque turns | torque turns | torque (
60K wind 0o2 | 1503 39.3 :SOK wind 967 [ 1441.] 410 60K wind

e S O 20| 1380 42.8
| |[7T0Kwind 7747 1564 441 70K wind 9 1499 46.0 70Kwind gz 1435 48.1

| |80K wind 7037 | 1607 48.5 :80Kwind 1023 1541 50.6 80K wind 9&3| 1476 52.9
| 190K wind 70241 1636 53.8 | [SOKwind 49pu4s[ 1568 56.2 90K wind 4pp71 1501 58.7

You can choose to stop
Mar 02 rubber is not consistent throughout the batch.

Above 70K, motors are liable to blow when Ioading on the model so extreme care is needed - 3 protective device js wortt
The principle of using the "K" of winds can be applied to any batch of Tan 2 but the numbers will be different (but not by

Ll e Soe e e




torque [Nmm]

a0

10

1'600

Benns 5/99 2025 1.18 g/m

e 1.0/

e 121
® 139

1'400

 Mag

*1'600 mit 0.6 g-> 1'100 mit 0.4g

Lutz 05/99 2006 Cat3 1.30 g/m

Arend 03/02 1.2 g/
Kang 05/99 2016 1.26 g/m
Emily 05/99 2023
Kang 05/99 2024 1.19 g/m

y = 08011 p" P2k
* 1.10 (]
& 124 8
R I £ T —
1'200 1'000

Kang 05/99 Cat2 1.24 g/m

1.13
1.28
Expon. (1.07)

1.15
1.31
Expon. (1.43)

600

e 118
* 135

400

200

turns [ ]



1'450

1'400

1'350

1'300

1'250

1'200

1'150

1'100

1°050

1'000

n Emily 05/99 2023
Kang 05/99 2024 1.19 g/m
Benns 5/99 2025 1.18 g/m

Arend 03/021.2 g/m
B Kang05/99 2016 1.26 g/m

Arend 03702 1.2 g/mi

Lutz 05/99 2006 Cat3 1.30 g/m
1'600 mit 0.6 g-> 1'100 mit 0.4g

—s—0rdinary —e—Mai 99
Kang 05/99 Cat2 1.34 g¢/m
calibrated @ Arend'’s rubber testinge =5.9

specific weight of rubber [g/m]

EEEEREEEEEEEEY

™ o e e

Torque Vs Turns

40.00

......... Rubber Band A
————— Rubber Band D

Rubber Band B Rubber Band C
Rubber Band E — - — Rubber Fand F

35.00

) S
o o
S o

o> To@ue @ram®@m
o
o

00

10.00

5.00

0.00
0 200 400 BOQ\I umbe%’oc‘))f Tu m‘ISOOO 1200 1400

turns as f(e, |, Q)
n=a[]-1[mm)/+Q [mm?,

expansion ratio

' = locse length ~ from hook to hook

(2 as I of both bands

= 0 furns

-~ 200 turns e<3
I {cailing) use [Nm,

1000 s e<’

nr-u:n o
CATOOC &9

1M ¢

dle span of rubber = f{e, no. of llights)

1600



torque

** 1) maiden flight cruising or slight climb FIM-L
26 @ )
. | floor
i Bt v G S &7 G G S
h DP. ™
. / landing with
! 4b Sucfptesl Toeges Coere %\ many turns left
'j { LA 3—/»- \-»..*.pn )
3¢
_j F s V- ——t 20—0Iturns t t t ¥ ti
9l 2 3 & g L i 8 q me
i 5— —F Time. , Miades.
s DA FRow £AB 3ilglg
ToweeEsTER ~ 26" CEILING «
Freeus Twae %8 4 moteR.
torque
3¢ 2) gradually increasing no. of turns and torque
i g Sk
w| 2o ) adding climb . . % | .. and descent
op. IPM '
) ) floor
v /) v C e & &
RANE 136 amfan  aaotnT: -
X /8 ;
] o . 50 to 100 tgrns per flight : ; N,
f o 1 2’ 3 & 4 - T 2 q e
g g— — T Time. , Miades.
B BaTA FRow FAD 3lglig
TowecssTER - 26" CEILING
Freeus  Twae 448 4 roteR.
torque
*“ 3) competition { L / L E K getting to the ceiling
26 @e) QE) "l
0 )
e Pro?. Fpea

Tupical i Cocaoe .

e (]
EAN £ 136 amfan waetet
%" ‘gmax 800 turns fl
=y fNaX. oor .

b ————— i3 t ¢ o 5 time

e /7. 7

e, - 8 o) 1 ® 3 € |andirlg with

£ FETtneadheges. only few turns left

|t DATA FRow FAD 3ilalig

Towees1ER - 26" CEILING .

Froeut  Twe 2:4%8 Yy moter.

10.11.2025 Rolf Steinegger

winder and torque meter

1) fix winder and torque meter on table with clamps
distance hook to hook is the same as on the model

2) create an obstacle free zone for the model
3) wind clockwise and hold winder if necessary

no obstacles on table
knot

(not tumin@

distance hook to hook

preparation of model

1) check for lose parts (thrust bearing and rear hook)
2) check fit and Uit of elevator

holding the model

1) hold model firmnly at the motor stick between thumb and index finger
2) place the modei above the rubber, paraliel 1o the table in short distance

R

vice versa for left hanged persons

hooking up the rubber

with your free hand: 1) hook up front end and  2) hook up rear end

! keep lenght of rubber and orientation of model (minimize forces on airframe)
! the modei shail not touch the table, torque meter ele.

two hands (one person) can do it

(not turning)

preparat

ion of rubber FIM-L

noisie

2)
3)
4)

S-S

b,
2
=

!

s F——

Amorall’

2

turns as f(e, I, Q)
n=ea[]-1[mm]/+Q [mmi,
expansion ratio

i = loose length ~ from hook to hook
C as X of both bands

0 urns

o ~ 200 tums e<3
. -

ide span of rubber = i(e, no. of flights)
For your first flight, start with 200 tumns (20 on handle of winder),
then increase no. of turns until you reach the cailing.

launching the model

1) let the propedler turn and shortly after . . .
2) let the model fiy (do no throw, simply let go)

launch point

align model parallel to table in short distance

27.10.2025 Roll Steinegger



Agenda

. Journey
. Twist
Rescue
Motor

Students: F1M-L competition / principles of flight

I e



Alu bearing (2024 Aicuamg1)
1 7_
2 7 I

3

-
4 .

down thrust

use wire for indication of axis

giue T[ o

use wire for indication of axis

T ee———

3° left thryst

5

(= right thrust from below)

6

(japan paper) and/or
thread windings
glued to moter stick

shaft with driver s0*d 0.5 mm
1

mounting of propeller

—>

4.2 push gently lowards motor boom

reinforcements (japan paper)

1 o

1 ——gus

2 7—3

3 A

&_J’_Q

H
=

ini not 100 shon!
length!

T4

j[apan paper glued to propeller tube
(see “einforcaments® on the right)

]

4 QA press

2 l press
japan paper
3
—Q_—EML

27.10.2005 Rolt Steinegger  FTM-L Mst. 1:1

rear hook d 0.5 mm
1

-

N e

4

4 l—-g—— .’ ;_
T4

(japan paper) or
thread windings
glued to motor stick

film specification

1 micron [um]  mylar @t onnm
PET Polyethylentarephthalat

lubricant -

to attach film to frame
temporarily (or use watar)

handling of glue
; &9
I £
S §§
Pl @l
'E: gég 3 gg
1523 H il
-
11 R
E . 8
._:5'5 V 5) i)
g:f 5 &
& &
@83 (Za, (8
Alter a pause,

make one of two test dots on paper
before applying small dots to the model.

Empty and cleéan with Aceton after use.

propeller blade with simple 3D-shape: propeller blade with
linear twist on PE* tube @ 150 mm, degressive twist as
rotation of 15°deg “max. 50 °C! B =arctan (Pitch /2 -m-R)
Cln
By, y . 7 "y,
S E f e,
3
o5 2 i 250
a E -
®E
88
5"
5 i
25
5 S
@ =
“"h
.
& &
b B
(=4 =4
-] £
= =
o o
L o
! |
| |
shaft (center point) <. —.4e.= -

B Angle of incidence of prop blade
for pitch 500 -mm

R 75 % of
B prop =175 mm

—egressive barist

radius [mm]

i
|
|

—|Inear tudst !
i
,

R N I T
L T T e T C . P q._*u’ﬂm\@,x.\m{;',{;\\g.q,

F1M-L
Mst. 1:1

175 mm

R=



leading edge

centre of gravity
overal

| without
| main wing
1

,

10 -

—

R ~500 mm

sine function TN ‘

rear view in direction of flight (from “cockpit”)

1° down thrust

alu bearing with shaft |}

leading edge

9 @
g 2l
5 |2
B2 1)
. \I
|
|
II
1
F1M-L Bruno Wachter

Mst. 1:2.82 (DIN A3)

32°16mm - 1E*16m

11 motor R ~ 350 mm

engine boom 305 mm
6.4 " 3.2 mm tapered

“, lail boom 315 mm
“d 3.2 mm tapered , fixed

circular arc ~ 3%

T \
\
f i
| o
e ——— ( vindin T and rotation of propeller s
; ool are clockwise ... thus 2
100 drive the aircraft tends to n
— —_ constantly turn left. i
T o«
adjust a.o.i. of elevator

parallel to propeller axis

1.6 * 1.6 mm l c p!mhlhwmliwl F' 500 mm . 75
£ pitch = pitch 1- slip) [ —_— i -— 35 |
w | @ slip ~ 100%
= |- | §1.B *1.6 mm
@ ©
1.6* 0.8 mm - "
. . g ¢
- 1.6 " 0.8 mm
N |
widen tail boom with glue if too loose @
or one layer of japan paper glued on
- or use a wooden splint
P ] 1.6 * 0.8 mm
—] !
Elw = —
T Z I 1.6 0.8 mm o & 2
1.6*0.8mm | = 2 c . ¢ & ;ﬁ
' ] £ £ g £
= A “ B
= E - - =
8 5 £ @ w %
15708 mm 1T 8 | 1.6 * 0.8 mm =
e ) E
] a E
o 1.6 1.6 mm b
= tip sticks no profile
1.6 1.6 mm 1| tip sticks no profile update 01.05.2019 / edited 21.11.2025 ol Steinegger |
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proceed step by step
use tools and aids

Jeoeds g2

—

1SNIYE UMOP oL

ww 5o wooq subus

<
sBuipuim peaiy) pue Jaded yum asiopulal

mmw 021

I uew |
mnoyum i yeloue aja|dwoo jo Liaelb jo aguao

! jo uonouny se sjsod Bum ase|d ww o sdy dn yi|

— have fun

one-touch only
take your time

WWOSE~H ~~ _

—

ww gg sdi dn yi|

¢
—4
,

i
370

[=]
un

_ W gg Joyeasid jo sdi dn yy

S£

ool

30 |eft thrust

R, ~75 % of R, = 175 mM

®
o«
@
E
=
[=]
(=]
Te)
1
=
S
a
-
-]
°
i
L]

iB=

leading edge

reinforce bottom side of edges with paper stripes

80

70

!

— ww O bum urew jo sdiy dn Y

90

1

F1M-L Mst. 1

Bruno Wéchter update 01.05.2019 / edited 31.01.2024 Rolf Steinegger
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Learning objective: Make it generally valid,
l.e. include wings and blades with symmetrical section

Hughes/Schweizer 300 series EA 300 L for aerobatics
S-300C

ZHAW School of Engineering | Centre for Aviation | AV.PM3.PM
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Learning objective: Make it generally valid,

l.e. include wings and blades with cambered section

ZHAW School of Engineering | Centre for Aviation | AV.PM3.PM

$WILEY

-
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-
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i
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UNDERSTANDING
AERODYNAMICS

Arguing from the Real Physics

DOUG McLEAN

25



Learning objective: Make it generally valid,
..e. include sails™ and foils in different fluids (air und water)

submerged in Water
~C.=1.0
v relative to water: 4 m/s

OF WATERSPORTS =

ZHAW School of Engineering | Centre for Aviation | AV.PM3.PM 26



Learning objective: Make it generally valig-,

The flowfield and its deflection
caused by the object (plate / wing / foil / o —
sail) moving through the fluid (air or watér) | f$ pj e\tup'

and by the pressure of the surrounding
fluid that keeps the laminar flow of the
.

fluid attached to the object.

Flow deflected down.

Newton's 2" |aw

Newton's 3 |aw

ZHAW School of Engineering | Centre for Aviation | AV.PM3.PM
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Learning objective:
Focus on the most principle (basic) explanations

DERSIONEGINE IV clocity [m/s]

The mass of fluid is accelerated from O to a certain velocity
Integration with respect to velocity :[(mass flow rate (v)) dv

= Jp*v*A)dv = p*A*jv)dv = E*0* 2B

ZHAW School of Engineering | Centre for Aviation | AV.PM3.PM
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