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Small airplane for Serveying purposes

Thienchai Lirdsunsanee
Teerawat Sanpasertparnich
Vorawut Chirasakyakul
Veraboon Asawataveeboon

Asst.Pref.Dr.Jarruwat Charoensuk

ABSTRACT

In present, air surveying and air photography cost a lot because of aircraft and equipment expense.
Therefore a small aircraft was built in order to reduce the above cost. The aircraft was controlled by radio
signal, in which signal transmission equipment is installed. This aircraft is a model with lighter weight,
easier-to-build and less drag force than the previous ones. As a result, it may help air surveying and air
photography proceed to further progress.

In this project the theory about aviation such as forces on aircraft, structure of aircraft, small
engine, radio control. After that we have design the aircraft size and test lift/drag force in wind tunnel. Then

build the aircraft from data that we test.
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Type C.

Jet bomber and civil transport 0.0030

Military jet transport 0.0035

Air Force jet fighter 0.0035

Carrier-based Navy jet fighter 0.0040

Supersonic cruise aircraft 0.0025
Light single propeller aircraft 0.0055
Light twin propeller aircraft 0.0045
Propeller seaplane 0.0065
Jet seaplane 0.0040
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2.9 3995 1UN15AUAN

Receiver

CHY & CH2

Aiferon and
. Blevator servo
Charging jack —
Receiver on/off switch ,,‘
CH3
E? Throttle servo
£
L Ni-Cd battery pack CH4
- P V. e G Wheel servo

711 235 Ke0slagsanlumsmuguinseaiy

Mo (Transmitter)

o =

v 1 o v o o 9 2 91
fio mdadyyn 18RI Receiver) Fedyaanldded 2 uuvde

1. PPM (Pluse position modolation)
2. PCM (Pluse code modolation)

51U (Receiver)
A v o o A v v Aa v @ a v @ o ' g A
A9 AITUAYUIUNNATONNALING AT o 18 Tdeduees 1a(Servo) uaazda iie

AIUANAMITUVBAUATRITY

19313 (Servo)
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Fzvmsiadoudiiiu Elevator Tasmivyuveuses ey luiirma@edinunssuny 2 a1 Lasinm
. o 1 a v 9 9 o :l‘ o A @ a a3
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17 2.36 gwyvearesh

< : 0w 4 o v g
1. wesla535uA1 (Basic Servo) Wimdausedsiivion iamdn ifuvuanias gy 33.5 x 19
x 39 Uu.)
@ 4 o a Y [ I A
2. weiTilgniusuiAv) (Ball Bearing Servo) 1o hiwiiatiiziihuiemaseuunardan
"o o 9 o a & = o q ¥ J o Y g & =
uasatudumedTh wigntiusesunsmpuazda  seilhiged Tivhanldedudavu uneiiuse
< A L a v
AUNNTUBNAIY YUIAITNIATIFIU
o o . 9 o 2 @ 1 a
3. a3 1alignifudesdu (Double Ball Bearing) wadeiused Tuvuligntuduae ual
o o 9 A o 14 ' a & o A LL £y o 1 1 o
gniluseefy gRTuAUULUNIIAD LazA LA BN wedszlonilumsmyuliussdusdnaesan
a &
HAZIIATIVY VUIALUIATIFIY
o =1 . 9 1o o =4 (Y 1
4. wedThuunadnga (Micro Servo) senuuuiniFaniluiiiifa niadnung wuileyhilln
A A dad Ao o 2 a A o 4 ' v [2LYY 1w
niedmliznovaug ARSI 1wes Tt iivnadnusizldus s ldnhiuvunemnasig
YUIA 26 x 15 x 33 V. LFIAL 2.3 NN, IBUALIAT
o a e St g =1 1 [
5. edTavuiadn (Mini Servo) vzfivualuajnin Mico Servo tBntleoua lussdannnd
(Y . 9 tg ddo o
Snvaizms e lFluiuhndiia
P’ a y o = =] Y Yo
6. 193111193197 (Standard Servo) Huuna 1hmin useds AT Tdnmsgmasleny
vinausaae Ay 3.5 ANIsUAIAS
o d s . )
7. 13 TaA15 259 1159A9g (Hight Speed/ Hight Torque Servo) Nlaseade nazihuiesns
' 4 I a a
Tuazfiulany wu noundes nazlgniiude 2 g veresiuvemesuiafrulusedege Tz
4.6.5-9 NAIBUAILAS
o ' g ds dq 9 a
8. 193 Tvualng) (Heavy Duty Servo) 1huwes Thitlus sfegedia 10 nauwudngs Hvuna

53.5x32x 63.5 V.



2.10 MIMNNUVRINUDIAD

Elevator NV Aileron

A v v W Y A A 1 Aa [~ ' Y
iﬂﬂz‘lh’l 2.37 - AUNAUNNATUYINUDUDNATOITIINY (Remote control) %Lﬂuﬁ’)uﬁdﬂﬂ

Oust cap (optional memary module plugs in here) —

Hovering Pitch knob ===

Switch B
Rudder dual rate switch

Switch ‘A
Elevator dual rate switch —

Switch F- =3
Inverted {light i
swilch o

CH8 knob ———‘

— Antenna

Be careful not to bend your antenna when you
collapse or extend it.

AWARNING

o Antenna must be fully extended when flying.

— Carrying handle
— Hovering Throttle knob

___ SwitchC
CH7 switch

- Switch D
Aileron dual rate switch

Rudder/
Throttle stick

Throttie trim lever

Rudder trim lever

Large LCD pans}

Power switch
Up position: ON

Switch H
‘I'rainer switch

Switch G
Throttle hold switch

Llevator
Aileron stick

Elevator tritn lever

131 Aileron trim lever

--+ Hook for optional neckstrap

U7 2.37 @33Tumasugsuaseadiu

2 [ . k4 o o 2 4 o [ @
¥4 Elevator 11 Aileron 3¢ 1% Flap uiAgInu Fatevhmsaulddremimieotands widums
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AuauludIuved Elevator FadleTonsuterulumetanth  Flap Maeresdnvesiinazenasinlin
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vouniaeiuz uanasluvazins tu amgUhn 2.38
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Ui 2.41 inSesdunyuia sz lymavn

o UK £y 9 4 1 a d| 1 v o [
futlipunmeaudeiiovsunIsedeIng (Remote control) 11 TUAIUINAY Rudder 11 NMIAIY
3 A s X A o o Y Y A Y o g '
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3.1 M3IenNtUUY

A4 o X9 o - 9 = ) a
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w
31l 3.2 usanszrhwmnsesduluantiznais
a A ' y 4 .8 v 9 . LA
311 Ansauaenglsn airfoil dmsuinannsmdeyavesya airfoll NeonuULIAZNATDY
2 a @ 4 a o 1 - p o { 4
Tagoann1s NACA Fetlonldiulunsesiiumly ifenldy s airfoil NACA4412 fegaln (3.3) ifieean

1 ¥ Y1 o a y [ { ' g o
Ul Wanduseansusseniiyuilzng 0 asngeAsyinG.4) uasiinnumudeniuenneiauin

[ v ¥ ] ]
TinSeaduiidwaduawadatifienaeluiie: ldgdasellAeimeiios

e R .

Ui 3.3 319249 airfoil NACA4412

1 - ] y F1 1w ¢ Ao 1
Tau31l37 airfoil nupiilaam A MIAY 4% ¥o3RWE1IARIANA ML 40%  YBIAINYD
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AN R
S 0 30x10°
v o_3 06.0
s 090 .
v a60 Stondord roughness
E 020c simulated split flop deflecred 60°
§ w80 t
—_4
-.5
1.6 -/2 -8 P 4 a 4 8 2 .6

Section lift coeffr’cieht; '
NACA 4412 Wing Section (Conttnued)

P ar as ' . .
7171 3.4 AnNANAULTENTI C, uAzynLznzaay airfoil NACA4412
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1 S IMuAR eI uURIN NIV airfoil Almdlnuazilasiniiy 8 suuaz 3 aw.
o W a k4 dy = o o A a 3 Co ! . L2 a
audsuTaefinsannnadesnsiiionneluddinzasdegunieianng 1135 19ve airfoil P
o i 1 3 "W o_a 91 s A =) =
saduvsI Mg IgasenIeIRRT AR 12% iR ldineresan Ty Unuazdareiln
v @ o o 1 { o [ Y
WL 66.56 A3.1AS 24.96 FUAWAIAY HAZAUNAYYDIAIINYIIADTANINY 45.76 .
2 mnuemidesduveyugnaavesiiaiiy 30 esrnlasiafinuiniumuigagaves
airfoil (A =30°)
o \J =) e dy
3 AnammanNeUnal

PINAUNS (2.14) ; Cpo= C, /(- ) inerunns (2.3) iz (2.4) aeliaz1d
C o= 2L/pV’(b- C o~ a, )] 3.1)
unuaunts (2.3) waz (2.16) adluaums .17) wla
C o= G/ { 1+(57 30[2-(b/ T )+(d+(/T (1 +tan’A,,,,)) *1/2mb) } (32)
saueruns (3.1) uaz 3.2) 14
ALpVA(b: C )(a- o, )] = e/ { 1457 30 C [2-ARHA+AR (Itan’A,,,)) 1 /27b) } (3.3)
UMUAT L = 13 90nU8UA5T 090U = 6+9.81 = 58.86 N
0 = ATUHLLLUBINARAIINGY 500 1NAT = 1.1673 kg/m’
V = a7 1ue unFoeliy =20 m/s
T = mugaeiAmaY =45.76 cm.
o =utlznzueuniowiiu = 0°
s oy o P o
o, = ynlznzimdulszantuswnves airfoil iTugud Salanng i G.4) =-4°
o= amsulugradunsevesns whiaasnudiniusszniedulssantusenves airfoil fuyulzng
Aagnz.4)=0.1

A =30°

udaunis (3.3) 9z laanuentaminy 2.189 A3
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66.56 30°

- 2.185— -

371 3.5 ammedvumazvwnvesinfisnald

o [ 4 a o v Ayy A J a = o
4 FmnavnussduveunIesdu Mash ldnnnieseuagmildeutuussiulagly
o a a 4 a w o ' 4 o @ 1 2 4
wa Tavdlszansnmlumsiasuhuseiuvesluiedeunii 100% ifesnnfidsaruniiaveunies

J o & @ A
suagnl¥lylumsiosuzusmannememamansvesluia Feermsanussduil lann
T=nP/V (34)

: A 3
Tagfi T Ao usevunlannluna
A =Y = Q
n fie Uszaninmuedlusia
A o w AnY A s
P Ao faen ldnnnsessua
a A g A = @ 1 o ¥ ANY A 4 = T A
YU NIAT o tU TUBgNTZAUANGIANY faen ldnninsessusaziasuly ieenn

' i 24 v @ J @ Y
amununiuvesenelaou lamanuge Faianuduiug lasyszinadell
P/P=p/p, (3.5)

~ e M o W y s ' o v A o {
lagn P uag p ﬂ@ﬂ’]ﬁ\iz‘]’]ﬂlﬂ?aqU'Uﬂuazﬂ'ﬂuﬁu’]“uuﬂ@\iﬂ']ﬂ']ﬁﬂ'lua']ﬂuq?]igﬂ‘Uﬂq']Nq@ﬁ

[ v
Smun s P, 1az p, AemiiszAimeia sauaums G4 uag 3.5) 14

T= nP,(p/p)/V (3.6)
aq Y a a Y 1w o @ A S " W
ﬂmgﬁ‘lwﬂizﬂmmwmaﬂuwmmﬂu 80% memmmnmsmauﬂ‘ﬂmgmmu1.62 bhp (1208.52

watt) 1IAANATS (3.6) UM UTITDYBUATEITUNAINIGS 500 wn s 18Iy 46.064 N
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5 Annanusagaveuniesiv

1. Parasite Drag
z . A g a a 3 4'1 a =< 9
FumouusaluMIIMY Parasite Drag Aemamiuiillenmuaveunieiu damnsalyms
A 4 a o é
Jszainuifiaugdeaneaunas 18 Tavlsznonadesiulmiugavesgimssmasvinda e
9 @ d’l‘ sa A 9y A da = a
AsdmiUuRRIYesgIns unartiegud Tasiunrvedinlasyssuaiianms

S [1.977+0.52(t/c)] =2.0436 m’

wct exposed

¥

Tagf s defwufiniwniguesin denm C.= 0.0065 310134 (2.1) dmsuaTesiunuyly
fe

exposed

Cpp= Co( S,o/S) = 0.0065(2.0436/1.002) =0.013257

2 . usagamile i
awn1lszneulszAnEnmase Oswald (e,) mlAnINauMs (2.23)

0.68 015

e, =4.61(1-0.045AR )(cosA,.) =0.783188

uag k,= 1/(me,AR) = 0.084962

4 a Q( ' 1 a 4 a 1
ifasnndulszanius imavedinedwAnalia C,,,,=0.1258445 mangAlviiagoaiiuiiauise

HAU ?JU?I?M‘YIFI'] G, muauﬂwmﬂﬂamamm

3

Coy= Coat K, C oiap= 0-125845+0.084962(0.12584457) = 0.0188455
k,=-2k,C,,,=-0.021384

C,= 0.0188455 +0.084962C” - 0.021384C, = 0.251689

a;ﬂwamsﬁmamﬁ"lé’

Wing span =2.189 m.

Wing’s planform area = 1.002 m’.
Aspect ratio =4.784

Wing sweep angle (Am‘) =30°
C,=0251689

C,=0.02961



Drag =6.924 N.
Thrust =46.064 N.

3.2 msmnaldassanaunieadu
o a = o ! dy
381N eils wazduasaae 1T
1. MIATUIUNITATS WL IUA
2. MALNL9UBY PAFUDNAIWLTI VDULTITN
o ‘. o
3. uamuiaves adhs Tagdiuiuan
= A 4
3.1 IRULHUNTN LIUNDU LAZHHUNTH THIUUA
3.2 duaamiANnUY ves aiths TaverdeanuAuAatua
4. fuvUIAYes SUd

5. MIUINARSANDT

3.2.1 MIMHIUNIINISYUTIEN

A& Ao & v
MINANATVBULTITN TNUNTnAng 921a
dF = %CPVdA

Tagh dA agiauMmAY  Lx)dx

4 N,
A% L) Aoanundnvesiln a dwmiax 1ag

Fungldnngfl 35) 1519218 L = 0.6656-038x
N C, = 0251689
Vo =20 mis
p = 1.1673

dF = ‘/z*(l.1673)*0.251689*202*(0.6656—0.38)()

SuRiNTe 1oy x aasanNe a2 la

Il

[ar

FL(x)

39.110x - 11.164x°

é dy o ] & ~ v 3
‘INL!.?\TLJi)ZﬂTu’JmLLSQEJﬂﬂ@ﬂUQﬂﬂ MUY

[ 105.149 * (0.6656 —0.38x )dx
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o d
3.2.2. MAHLIYBY YAGHENAILTS YBIUTIEN
o L L% a a & I~{
Tapis19230970 2 uALLATBAIAUY Y 1519z lddszanas sy 0.3 Sanndaevesiuduiiu

iq 9 1 [ 3 ° 1 @ g
£111A1 center of pressure YBUNU Y Sl 9zd iU esdAUnY A unU X Aey

j' xdF /j dF
j xdF = j 58.759%(0.6656x-0.38x")dx

>
I

j' dF = 29493 N
04645 m

¢
|

° d
3.23 sunamvmnavesaihi
° ° g 4
3231 IS IUILUAZITsULAUN W LS uSeu tazurun T TuuAYe WS o (HB991AMT

o 1 I
nszwinaanaruaszanegnathifsgy

N
1 =

x

3 3.6 msnszogisauuahs

o o ] A & Y o I ¢ o A v g A da
sRms Smue 1B e utudemidaezdu wuu mies isezhinmssiualmiuabuini
@ Y] o ' 1 9 o
NTAAMIAUATEANINGT TassmuannALRaY wldnnugeveaninga 0.055 m

v
15192 RIMTAIUIN LUIURDY ATl

V =31.110x -11.164x"

%z"l.ﬁ'msﬂszmaumﬁeuﬁ'&msN LLﬁ:LLNUﬂ'IWLli\iLSG‘H
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5 -
% M s na
Z ‘ T
= R
a:‘p 2‘8 w . '\‘#;4 V"‘"%
= e
P 3 s . e Lt
B e
e ~
g Y Y ¥ Y Y ¥ ¥ Y ¥ ¥ (|
3 2 3 4 5 & ¥ b 8 ki1] 13

Feny §6.3

{ v o { d
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(m)
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0.1

3.79936

0.2

7.37544

03

10.72824

0.4

13.85776

0.5

16.764

0.6

19.44696

0.7

21.90664

0.8

24.14304

0.9

26.15616

27.946

1.1

29.51256
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M = Fl(x)*(x’)

M= (39.110x-11.164x7)(19.5543%°-7.442x")/ (39.1 10x-11.164x°)

M= 19.5543x°-7.442x°
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0.1] 0.188101
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0.3] 1.558956
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0.5 3.958333

0.6 5.432087

0.7 7.029016

0.8] 8.704467

0.9] 10.41379

1] 12.11233

1.1} 13.75544
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FTEINN | usaRau
0.1 0.6719
0.2 1.3438
0.3 2.0157
0.4 2.6876
0.5 3.3595
0.6 4.0314
0.7 4,7033
0.8 5.3752
0.9 6.0471

1 6.719
1.1 7.3909
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seogma | Tuud
0.1 | 0.033595
0.2 0.13438
03 | 0.302355
04 0.53752
0.5 0.839875
0.6 1.20942
0.7 1.646155
0.8 2.15008
0.9 2.721195
1 3.3595
1.1 4064995

M51971 3.4 MlARITEzA 199 voln

3.2.3.3 AUIUMNAMNVLNTENALNFAINARINAUAR TANY

HC
U7 3.12 anuduinuuathy

4 -~ J : ° 3 o o oa
TUMIMUUIAAIINNU VDY 115 10 LRUA W IuNUA L'i']ﬂ%“/ﬂﬂ'ﬁﬂ'lu’)iuﬂ’)'mlﬁluﬂﬂﬁmﬂ
U d i a 1 1 1 4 { a :’ LY LY
ﬁ]']ﬂl!.i\iﬂﬂl“ﬂi'lzﬂ']TNLM'LIﬂ"V:ILﬂﬂ iﬂﬂlli\?ﬂﬂflﬂ'\‘“?ﬂﬂ'ﬂ ﬂ']‘il't’)\ﬂlltllugl“?llﬂﬂ%"Iﬂu’]ﬂuﬂ‘il@ﬂﬂ')uu&ﬁ)ﬂmﬂﬁu
M3 ANNIAUAR

o=MC/I

a 3 1 Y o 1 A A [ A o w 3
Tagh o Wuswed]d dag Fella anuutausslafinagege = 24.132 N/mm

=4 T 4 ::; a d’d’y 9 1w Jq’ a 3
M flum Tuwus anenausson luntise Ity Tuwuaninevugega



55

C = h2,: h=0055m
51919 anvtlasaty = 3
519218 b = 6M/oh

unual 9218 b = 3.3719 mm

° d
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H1

FLOW DIRECTION

_— =

H2

317 4.2 Undravaiiogiugluaran

4.4 }an1inaany
Head (mm )| Lift (N) |Drag (N)| V (m/s) |Re (x10)| C, A
10 0575 | 0.075 | 12.9975 | 0.68378 | 0.35048 | 0.04571
16 0.6375 | 0.11 | 16.4406 | 0.86493 | 024286 | 0.0419
20 0.93 017 | 18.3812 | 0.96702 | 0.28343 | 0.05181
22 0905 | 0.17 | 19.2784 | 1.01422 | 025074 | 0.0471
28 12 021 | 217489 | 1.14419 | 026122 | 0.04571
30 127 024 | 22.5123 | 1.18435 | 025803 | 0.04876
34 1545 | 024 | 23.9661 | 1.26084 | 0.27697 | 0.04303
40 17725 | 031 | 259949 | 136757 | 02701 | 0.04724
46 20575 | 033 | 27.8765 | 146655 | 0.27263 | 0.04373
50 2275 | 039 | 29.0632 | 1.52899 | 0.27733 | 0.04754
52 26375 | 037 | 29.6388 | 1.55927 | 030916 | 0.04337
58 2.84 041 | 31.302 | 1.64677 | 0.29846 | 0.04309
60 32 044 | 31.8372 | 1.67492 | 032508 | 0.0447
64 3185 | 047 | 32.8813 | 1.72985 | 030333 | 0.04476
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—— Lift force (N.)

—® Drag force (N.)
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0.3

—&— Lift coefficient
0.2

~¥~— Drag coefficient

Coefficient

0.15

0.1

0.05

Re (x 100000)

U7 4.4 Arliansndnius isHI M Re (1x10°) H C, a2 C,

Y d v d' U o o o g " @ a Q( 1
nnns e liifiud eaussTuiuues(Re) ¥Invy Adudssansusen uazan

s a o a J 9 = 1w v Y o a &
Fuilszansussdwnwziunniuau1Ufe uana1 Re My 0.68378x10° wwwunmdulszansuse
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Yuun(°) C, Go

-8 -0.45 0.022

-6 -0.23 0.014
-4 -0.03 0.012
-2 0.2 0.01
0 0.38 0.01
2 0.6 0.01
4 0.8 0.012
6 1 0.014
8 1.15 0.017
10 1.27 0.022
12 1.36 0.03
14 1.35 0.042
16 1.25 0.059

o o o d o I o d I o a d
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TE 54

300mm x 300mm WIND TUNNEL




Equipment:
Serial No:
Date:

Supplied to:

Electrical Supply:

DRIVING MOTOR/FAN:

Type:

Serial No:
}

Speed:

Power:

STARTER:

Type:
Code No:

Overload Range:

71

TES54/D

DATA SHEET

300mm x 300mm SUCTION TUNNEL
TE54 /8570
12/08/97

Kinetics Corporation Co Ltd
(KMIT (L) THATILAND

220 wvolt 1 Ph 50 Hz

WOODS 19JL AEROFOIL
562901/51F JL.531204

-
2910 rev/min

6.2kW

BROOK CROMPTON
SD1 EKI

10-17 Amps

TUNNEL:
Working Section 300mm X 300mm Max Air Speed 40.3 m/sec
NOTE: Electrical Warning Labels Fitted



- 2 -

ADDITIONAL EQUIPMENT WHEN SUPPLIED:

TE81 -  Three Component Balance Serial No:
TE101 - Equipment Interface Serial No:

Boundary Layer Experiment

CYLINDER ROTATION SERVO:

Make:

DC Servo:

Max Number Load Velocity:
Torque Constant:

Stall Torqgue:

Max Rotation:

PITOT TRAVERSE SERVO:

Make: ' ’
Type:

Voltage:

GAUGE PRESSURE:

Make:

Model :

DIFFERENTIAL PRESSURE:

Make: FURNESS CONTROLS
Model : FCO 42

Range: + 500mm H,0
Serial No: 970763

SMOKE GENERATOR RE35:

72

TE/8589
Not Supplied

Supplied//

Not Supplied

Not Supplied

Not Supplied

Not Supplied



LITERATURE:

TE54/A Leaflet

Safety Leaflet

Test Results

Brook Crompton Series 2000 Instruction
pitot Static Tube Operating Instructions

Furness Controls Users Guide

Furness Controls Calibration Chart & Test Certificate

DRAWING:

Wiring Diagram 22349 Issue b
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FURNESS CONTROLS LTD

CALIBRATION CHART & TEST CERTIFI (:JC¥'T;i§?
FOR TRANSMITTERS WITH CURRENT OUTPUT.

This is to certify that the following instrument has been tested in accordance with the standards
laid down and adhered to by Furness Controls Ltd., Bexhill.

All instruments are calibrated using transfer standards which are reqularly checked aqainst rafer-
ence standards traceable to British national standards. For differential pressure measurement the accura
cf is better than 1 3 of reading between 10 Pa and 20 kPa.

History of traceability to National Standards and list of approved signatories are availabie
from Furness Controls LTD.

Calibration certificate No : 970762 Issue date : 17 JUL. 1997

Sales Order No : SB 17968

Custcmer : PLINT & PARTNERS LTD

Instrument : TRANSMITTER

Instrument type: FCO 42

Serial No: 970763, Transducer No: FCB 34320

Supply voltage : 14-40 vDC

Pressure range : -500 to +500 mmH20 Signal output: 4 to 20 ma

Reference Instrument calibrated
Pressure Cutput deviation -
mH20 mA . ma % FSD
¢
499.800 %:20.0%3 0.016 0.10 .
400.100 18.387 -0.015 -0.09
300.800 16.785 -0.028 0] 745
200.000 15.167 -0.033 -0.2
100.000 137557 -0.043 -0.27
0.00C 12.000 0.000 0.00
-100.100 10.413 0.015 0.09
-199.800 8.823 0.020 0 ity
-300.700 b, . N 0.032 0.20
- =399.,900 5.643 0.041 0.26
-500.400 4.026 0.020 0.12

Reference instruments used to carry out calibration of the above unit.

Pressure and electrical signal measurements :
PPC500 Pressure calibrator No: WS 285

Calibration uncertainty better than 0.1% of reading +0.01 Pa

Test technician : R.MORLEY Approved sign : ..Jfééggé;ﬁégéng
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300mm x 300mm WIND TUNNEL

IN ALL CORRESPONDENCE QUOTE SERIAL NO: ...TES54/8570
ELECTRICAL SUPPLY .220 .volts ..... 50 .Hz, 1 -phase AC

MAXIMUM POWER CONSUMPTION 5kW

CONTENTS
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2. References
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4., Cakibration of the wind tunnel )
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7 . Velocity distribution in a boundary layer
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1. General

The tunnel, of the open circuit type, is constructed mainly in
alumlnlum, and is supported by a tubular steel framework. The
air enters the tunnel through a carefully shaped inlet the
entrance being covered by a protective screen. Theuworking
section is of perspex, giving full visibility, and the various
models are supported from one of the side walls or by means of
the three component. balance, when provided. At the upstream end
of the working section is a static tapping and a total head tube
which may be traversed over the full height of the working
section, while at the downstream end is a pitot-static tube which
may be SLmllarly traversed.

After the working section a diffuser leads to the axial flow fan
unit and the air velocity is controlled by means of a double
butterfly valve on the fan outlet. The fan discharges by way of
a silencer. The maximum air velocity is such that pressure
differences of the order of 300mm water are developed and these
may be read with suitable accuracy by the simple manometer
provided.

The tunnel is supplied complete with the following equipment:
1.1 A total head tube ~ ' v

1.2 A pitot-static tube .,

1.3 A 24-column water manometer -~

1.4 A 64mm diameter cylinaer with pressure tappings

1.5 A 152mm chord symmetrical aerofoil of NACA 0012 proflle with
20 pressure tappings

As an extra, the tunnel may be fitted with the following options:

TES1E - Three Component Balance

TE54DPS - 20 way scanning valve

TES4LA - Linear actuator & pitot traverse gear
TRU300 - Single axis traverse mechanism

TES4RA - Rotary actuator for models

6555 - Smoke generator & probe

COMPENDW - Computer control & data acquisition system

with a consequent large increase in the range of possible

~ experimental work.

Cross section of working section 305mm x 305mm



Maximum air velocity 36m/s
Maximum power consumption 5kW
Overall dimensions 4127mm x 1100mm x 1600mm high

The wind tunnel is illustrated in Figure 1, while in Figures 2(a)
and 2(b) essential dimensional data for the wind tunnel, the
associated instruments and the models are given.

2. References

No attempt is made in these notes to give a comprehensive
theoretical treatment. Reference 2.1 deals in detail with the
experiments, reference 2.2 gives a more advanced treatment, while
reference 2.3 may also be found useful as a guide to wind tunnel
technique in general.

2.1 Plint, M.A. and Boswirth, L (1978)
Fluid Mechanics: A Laboratory Course
Charles Griffen, London

2.2 Hunsaker, J.C. and Rightmire, B.G. (1947)
Engineering and applications of Fluid Mecnan%cs
McGraw-Hill, New York

2.3 Pankhurst, R.C. and Holder, D.W. (1952)
Wind Tunnel Technique
Pitman, London

3. Notation
The International System of Units (S.I1.) is. employed in the
calculations.

Units
Barometric pressure Pa N/m?
Temperature of air TA K
Gas constant for air R m?/s°K
Density of air p kg/m3
Viscosity of air u kg/ms
Ieads rclative to atmosphere:

.-static, at entrance to working section H, mmH,0
total, at entrance to working section H, mmH,0
static, downstream of model H, mmH,0
total, downstream of model H, mmH,0
static, at model pressure tapping Hy rmH,0
static, cylinder rotated through angle 6 Hy mmH,0

Angle of rotation of cylinder pressure tapping

from upstream position 8 degs
Velocity U m/s
Mean velocity, upstream of model U, m/s
Local velocity, downstream of model U, m/s
Diameter of cylinder d m

81
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Chord of aerofoil

Drag force on model

Tunnel calibration factor

Drag Coefficient

Lift coefficient

Reynolds number for cylinder (Re)
Reynolds number for aerofoil (Re)

z 3
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4. Calibration of the Wind Tunnel

A brief calibration of the empty tunnel forms a suitable
introductory experiment and helps to familiarise the student with
the concepts of static, dynamic and total pressure, and boundary
layer development. A first step is to check the .velocity

distribution over the full height of the working section in Rlane
1 using the total head tube and static pressure tapping, &and’in
Plane 3 using the pitot-static tube, Figure 2(a). It will be
found convenient to run the tunnel apﬁmgx;@ggmgpggd and to take
total pressure readings at 20mm intervals over the full height
of the working section, together with a few readings close to the
lower boundary to give some indication of the velocity
distribution in the boundary layer. (In fact the displacement
thickness of the boundary layer is so small, of the order of Smm
in Plane 3, and less in Plane 1, that a satisfactory exploration
with the comparatively large diameter total head tube and pitot-.
static tube is not possible.)

The velocity U developed by a gas of density p accelerating
freely from rest under the influence of a pressure difference p,
when p is sufficiently small (as in the present case) for
compressibility to be neglected is given by: ’

¢ '

p U?
2 (1)

This equation also expresses the relationship Dbetween the
velocity of a gas and the dynamic pressure as indicated by a
total head tube exposed to the flow.

. pressure differences in the wind tunnel are measured in
millimetres of water, and since:

lmm H,0 = 9.81 N/m

equation (1) becomes:

where h 1is the dynamic pressure.

In Plane 1, h = (H, - H)
In Plane 3, h = (H, - Hs)
The density of air under pressure P, and at temperature T, is

given by the gas equation:
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PA
P
where

R = 287m%/s%K

Figure 3 shows a typical velocity distribution at maximum air
speed. In Plane 1 the velocity is sensibly constant over the
whole height of the working section, with the exception of the
boundary layer which, in this plane, has a thickness of about
2mm. In Plane 3 the thickness of the boundary layer has
increased to about 5mm and, as a consequence, the velocity over
the remainder of the working section is higher than in Plane 1.
Since the cross section of the working section is constant the
growth of the boundary layer on both the top and bottom and the
side walls necessarily results in an increasing mean velocity
throughout the length of the working section with a consequent
fall in static pressure.

Once it has been established that the velocity distribution
outside the boundary layer is substantially uniform, the next
step is to obtain the calibration factor (k) for the reference
pressure differenge (RPD) such that the average dynamic pressure
(% pU?) in the working section equals k x RPD.

In this tunnel the reference pressure difference is taken as the
difference between atmospheric pressure and that at the static
tapping H,. For this experiment the total head tube and the
pitot-static tube should be set approximately on the tunnel
centre line and the following pressures should be recorded for
a number of evenly spaced intervals of RPD covering the whole
speed range of the tunnel: H, upstream static pressure; H, total
pressure in Plane 1; H; static pressure in Plane 3; H, total
pressure in Plane 3. The following pressures are calculated from
these results:

H, = RPD
(Hs = Hs) = dynamic pressure on Plane 1
(H, - Hy) = dynamic pressure on Plane 3

In Figure 4 the dynamic pressures on Planes 1 and 3 are plotted
against the RPD and the corresponding calibration factors are
shown. Also shown in Figure 4 1is the wvariation in total
pressures on the centre lines of Planes 1 and 3; this is a
measure of the nett energy loss taking place.in the empty tunnel
and is seen to be very small.

5. Drag on Circular Cylinder

By connecting the cylinder pressure tapping to one leg of the
manometer and rotating the cylinder into successive angular

6
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positions, it is possible to determine the variation in static

pressure around the circumference of the cylinder. Figure 5
shows such a pressure distribution for two different air
velocities. The curves are of characteristic form, indicating

a maximum positive pressure at the stagnation point and a minimum
negative pressure at a point distant about 70° of angle from the
centre of the upstream face where the flow separates. ..After a
small pressure recovery downstream of the separation point there
is a nearly uniform negative pressure over the downstream face
of the cylinder where its surface is in contact with the wake.
The comparison between the pressure distribution plotted
radially, Figure 6 and the flow pattern around a circular
cylinder, Figure 7, illustrates these explanations very clearly.

It is usual to express the force exerted by an air stream upon
the body in terms of a drag coefficient.

Force )

Frontal Area x % pU?

It will be apparent that the drag coefficient represents the
ratio of the force exerted upon the body to the product of the
dynamic pressure and the frontal area of the body.

Let H, be the static pre’ssure indicated when the cylihder has
been rotated through an angle 6 from the position in which the
tapping point is facing upstream. Then it may be shown that if
the quantity:

cosB

. Hy

LpU?

is plotted against O over the range 6 - = 0" tc 180° then the mean
value of this function is a measure of the drag coefficient.

A summation of this type for the pressure distributions shown in
Figure 5 leads to the values of the drag coefficient indicated.
These values agree well with published figures. Note that in
calculating the drag coefficient a corrected value for mean
velocity, to allow for the blockage effect of the model must be
employed. This matter is dealt with in reference 2.3, Chapter
8. The correction factor in the present case is 1.06.

By subtracting the static pressure upstream of the cylinder from
the pressure H, and dividing the result by the dynamic pressure,
curves such as Figure 5 may be reduced to dimensionless form.
Figure 8 shows the results of Figure 5 expressed in this way.
The Reynold number characterising the flow is given by:

i a
\

5 U a“ %

(R.) = e =

U

As an extension to this experiment the distribution of dynamic,

7
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static and total pressures in Plane 3 downstream of the cylinder
may be explored using the pitot-static tube. Figure 9 shows the
results of such a survey for the higher of the two velocities
dealt with in Figures 5 and 8. The corresponding pressures
upstream of the cylinder are also shown and it will be seen that
downstream of the cylinder the dynamic pressure is higher than
the upstream value towards the walls and lower towards the centre
of the working section immediately behind the cylinder. There
is also a static pressure gradient from walls to centre
corresponding to an inward direction of flow of the air behind
the cylinder.

An analysis of the flow by applying the force-momentum equation
to a control volume containing the cylinder gives a second value
for the drag of the cylinder, as:

fAHldA + prUOZdA = fAH3 2 prdeA + D

but pUy?= 2(H, - H,) and oUR = 2¢H, (L Hy)

Assuming uniform velocity across the whole of the upstream cross
section and uniform velocity across the whole width of the
downstream section in the direction of the cylinder axis, it is

possible to calculate the drag D on the cylinder from equation
(4). In the present case such a calculation yields a value of
20.9N, compared with the value of 20.4N obtained by summation of
the pressure distribution around the cylinder.

The control volume analysis gives the total drag force on the
cylinder, i.e. the sum of the pressure or "form" drag and the
drag due to the shear forces or "skin friction". As the latter
must always increase the drag, the increased drag found by the
control volume analysis is to be expected. The small differences
between the total and the form drag shows that the skin friction
drag on a circular cylinder is relatively small.

Repeating the two experiments to determine the drag of the
aerofoil will show that for such a "streamlined" object the skin
friction ig a far larger proportion of the total drag.

6. Pressure Distribution around Aerofoil

The aerofoil has 20 pressure tappings by means of which the

o
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pressure distribution around the aerofoil at any desired angle
of incidence may be determined.

It will be found convenient to run the tunnel at maximum speed
to give the highest available Reynolds number and to take
readings at zero angle of incidence and at 2 degree intervals up
to and beyond the stalling angle. Figure 10 shows the-pressure
distributions obtained at a number of different angles of
incidence. In this figure the pressures are expressed as the
ratio of (H; - H;) to the dynamic pressure. It will be seen
that, as the angle of incidence increases, the pressure
distribution on the lower surface remains almost unchanged while
on the upper surface progressively greater negative pressures are
developed until stall occurs.

It is usual to express the lift of an aerofoil in terms of the
1ift coefficient.

Force -

I o« Py
L I
Plan Area x »pU?® ;%5551_~'b

The lift coefficient may be calculated by measuring the average
pressure on the upper and lower surfaces from curves such as are
shown in Figure 10, remembering that on the. upper surface
positive 1lift corresponds to negative pressure. Lift
coefficients measured in this way are shown in Figure 10 and are
plotted against the angle of incidence. This plot confirms the
usual aerofoil characteristics; 1ift increased linearly with
incidence up to the point of stall when there is a sudden fall.

7. Additional Experiments with use of Three Component Balance

As an optional extra the tunnel may be equipped with the Three
Component Balance, TE 81, for measuring forces on the models
which have been supplied with the tunnel, thus greatly increasing
the range of experimental work which is possible.

For instructions in the use of the Three Component Balance
reference should be made to the instructional literature for the
balance TE 81/A.

Copies of this instructional literature are supplied when the
present wind tunnel 1is accompanied by a balance.

8. Installation, Operation and Maintenance
Before starting to unpack the apparatus, decide where it 1is to
pe located and clean up the site; cleanliness is of the first

importance when erecting scientific equipment.

Unpack the equipment with care as some of the parts are fragile
while small items may be overlooked. Lay out all the components

~
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and check against the Advice of Dispatch notifying any
deficiencies without delay. Clear away all packing material and
identify the various components of the apparatus.

The tunnel should be mounted on a solid floor and should be
accurately levelled.

Consideration should be given to the large flow of air to and
from the tunnel; this is likely to cause some inconvenience if
the tunnel is not arranged away from doors. The best arrangement
is for the fan to discharge towards a wall at a distance of not.
less than 2m and there should be a clearance of about 1m between

?ﬁﬁ??fﬂzﬁfénd t and any wall. 'f =

The tunnel is delivered broken down and the following notes
described the procedure for erection, which should be read in
conjunction with the General Arrangement Drawing No: 50130.

WARNING

IT IS PARTICULARLY IMPORTANT THAT MISALIGNMENT DUE TO
IRREGULARITIES IN THE FLOOR SURFACE SHOULD BE CORRECTED BY
PACKING UNDER THE LEGS OTHERWISE THE PERSPEX WORKING SECTION WILL
BE STRAINED AND FRACTURE IS LIKELY.

8.1 Assemble the two hélves of the stand using the éwo 120mm
long bolts provided. Attach the six legs to the stand using the
twelve 70mm long bolts. The various components have been stamped
with matching numbers to indicate their correct relative
positions.

8.2 Move the assembled stand to its final position and level it
accurately using a spirit level and packing under the legs if
necessary, preferably with steel plates.

8.3 Bolt the fan, silencer and diffuser assembly to the stand
using six 60mm long bolts, leaving bolts loose for the present.

8.4 Bolt the working section to the diffuser flange interposing
the fibre joint that is attached to the diffuser flange. Make
sure that the working section is assembled the right way round
and that the static pressure tapping is at the top as indicated
in Drawing No: 50130.

The components are attached to one another by sixteen bolts
approximately 50mm long, each with two steel washers with an
additional fibre washer at the working section end of the bolt.

Five of the bolts are longer than the remaining eleven and are
fitted at the bottom of the flange where they also carry a
supporting bracket. There are two identical brackets, one at
each end of the working section and they are stamped to indicate
their position on the frame.

Secure the bracket to the frame by two 60mm long bolts. At this
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point leave all bolts loose.

8.5 Finally, alignment between working section and diffuser is
ensured by two dowels, one at the top flange and one in the
pottom, which must be driven into the reamed holes provided in
the diffuser flange.

8.6 Assemble the effuser to the working section using a similar
procedure. Effuser supporting bracket 1is attached to the stand
by one 60mm long bolt.

8.7 Tighten all Dbolts cautiously, taking great care not to
strain the working section. Minor adjustments to alignment may
be made by making use of the clearance in the bolt holes in the
various mounting brackets and of the slotted holes in the

brackets supporting the fan assembly.

8.8 Fit the static pressure tapping, total head tube and pitot-
static tube in the top of the working section. The multi- tube
manometer may either rest on the top of the working section or
be mounted separately in a convenient position.

8.9 The Star Delta starter is mounted on the tunnel and the full
load power consumption of the tunnel is approximately 5kW. The
starten should be connected to a 3-phase mains supply of the
correct voltage and frequency, according to local electrical
installation regulations, using cable of at least 1.5mm’csa (or
4mm? for 220v installations). When first starting up, check that
the fan rotates in the correct direction as shown on the ifan
casing. If the rotation is reversed, interchange any two of the
three phases at the starter.

8.10 When a Three Component Balance is provided with the tunnel,
it is supported by a framework which is attached to the stand by
_three 60mm long bolts. The balance is attached to the framework
by three studs and knurled nuts with fibre washers. The balance
and framework must be carefully aligned so that the model support
lies centrally in the hole in the working section window and that
the axis of the balance lies perpendicular to the axis of the
working

section.

8.11 Operation and Maintenance

Tunnel speed is controlled by means of the throttling valve and
the motor may be started up with the valve in any position.

Models are equipped with a 12.0mm diameter stem which is clamped
by a collet in the model support. They are fitted after removing
the window from the back of the working section and should be
adjusted so that they rotate freely without contact with the
working section side walls. The model support is provided with
a protractor and the models should be adjusted to the correct
angular position. To achieve this, set the protractor to zero
and, in the case of the cylinder, adjust so that the line of the
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end of the cylinder indicating the position of the pressure
tapping is horizontal with the pressure tapping at the upstream
face of the cylinder. Similarly the aerofoil should be adjusted
so that its centre line lies horizontally.

The rear window of the working section is provided with a plug
which is removed when the aerofoil model is in use to permit
access to the pressure tappings. The small diameter stainless
steel tubes emerging from the model are connected to the
manometer by way of the adapter provided and lengths of Smm bore
plastic tubing. Where a multi-tube manometer having 24 tappings
is available, all the pressure tappings may be observed
simultaneously while at the same time recording the total and
static pressures upstream of the model.

Very little maintenance of the tunnel should be required, an
occasional application of Shell Alvania or similar grease should
be made to the motor bearings using the grease cups provided and
the butterfly valve mechanism may also call for occasional
lubxication.

32
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300mm x 300mm WIND TUNNEL
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Tunnel with Linear and Rotary Actuators. Console contains Equipment Interface for Computer Control and Three Component
Balance displays.

figure 1 General view of TE54 wind t_un_nel.
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These three examples show how the use of computer control enables
more information of a higher quality to be obtained from
experiments. This information can be presented quickly in a form
which 1is easier for students to understand. Hence the

experiments require less student time, less student drudgery and
are more effective teaching aids.

15
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Use of the 20 way scanning valve TE54DPS.

The 20 way scanning valve provides a method of performing 20
pressure measurements 1in sequence automatically. Tubes are
connected to 20 solenoid valves on a common manifold. These
valves are opened in turn to allow the pressure to act on a
sensitive differential pressure transducer with a full scale
range of 500mm H,0. The opening of the valves can be manually
stepped using the UP and DOWN buttons, automatically stepped at
a pre-set time interval or controlled by COMPEND W when the
scanning valve is set to PULSE mode.

When using COMPEND W to switch the scanning yalwe, ‘the Ltest
sequence file must first send a SELECT pulse (1) for 1 second to
increment the valve position before the next sequence step when
SELECT is set to 0 and the step time is set to allow the reading
to be taken. A RESET pulse (1) can be included at any time to
reset the scanning valve to position 1. A more comprehensive
guide to creating test procedures is included in the COMPEND
instruction manual. '

The pressure transducer 1is provided with two inlet ports, the
higher pressure should be connected to the port marked + , the

lower pressure to the port marked -. Either of these ports may

be left disconnected to allow pressures to be rcferenced to
atmosphere. The transducer will measure both posithive and
negative pressures. A static pressure tapping (marked 0) is
provided on the scanning valve input.

The two additional pressure transducers (PRESSURE 2 & PRESSURE
3) have a full scale range of 700mm H0. These transducers
should be connected so that pressure at the port marked + is
positive with respect to the port marked -.

The pitot traverse mechanism uses the pitot static tube provided
in the standard scale. This is easily transferred by removing the
split bush from the bottom of the scale and carefully removing
the pitot static tube. Remove the scale pointer and transfer the
pitot tube to the TRU300 traverse mechanism then secure in place
using the clamp provided.
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Section lift coefficient, ¢
NACA 1408 Wing Section (Continued)
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Setting Delays

The Delay function is automatically activated when either To PMIX-1 These keys are used to mogg
Offset. Revolution mixing, or Tprottle hold are activated. function through the three submenus in
1. Aileron delay the DELAY function.
Input the desired Aileron delay with
%D “ 124 l the (+)/(-) keys.
% 2. Elevator delay
I l:l I L '1 l Input the desired Elevator delay
B . with the (+)/(-) keys.
3. Rudder delay
I ’ Input the desired Rudder delay with

. > the (+)/(-) keys. e CADVANCEM
Channel display « If you're unhappy with what you've To OFST-2

AlL = Aileron Delay amount set 5

= , you may reset to zero by function
ELE =Elevator Range:0-100% | pressing the (+) and (-) keys
RUD =Rudder (Initial value: 0%)

Data input keys

simultaneously.
~

PMIX-1-2 — Programmable Mixers 1-2

In the helicopter mode, your TSUH system contains two separate programmable mixers
with unique mixing capabilities. You may use mixing to correct any tendencies of the
helicopter during aerobatics that you want to eliminate, making operation more pleasant.
Besides mixing between arbitrary channels, the mixers may be linked with the Advance
menus in the TSUH, or the mixing curve can be offset relative to the master’s neutral. You
may select which switch activates your mixers from the eight switches A-G or throttle. and
you may choose whether the trim from the master also affects the slave channel.. The Link
function is used to ‘link’ programmable mixers with other mixing menus.

Mixer Initial Settings
The default channels for Mixers 1 & 2 are set to frequently-used mixing combinations as
follows: PMIX-1 = AILELE, PMIX-2 = ELESTHR. The programming method is given
for Mixer #1: the second mixer may be programmed in an identical fashion.
e '
ToPMIX-2 These keys are ussz ¢~ 2.2

1.__Azivate the Programmable Mixer
Press -2 (+) key to activate the PMIX-1 function ("ON" or function around in the PLIX-
"OFF" il be displayed, depending on the ON/OFF switch's
posit 2~ Use the (-) key to INHibit the mixer.)

iI FHLZ'II-l 13345578 l Select the masterchanpel with the . ﬁ

(+)/(-) keys (the master is the one

| RIL+ ELE " et s gl S~

-’-_. channel, the numerical mixing rate 10 DELAY Data input <2vs
tiaster chan Slave chcnnel setting affects the slave side only, function
(control that :channe! which providing a fixed offset. Default Mixing Setup
applies mixing: receives mixing) | 3. Slave channel setling When you begin programming z

——> | Select the slave channel (the one  model, the mixers are set up as
that receives the mixing) with the  follows (of course, you may changs

. L(+)/(-) keys. these default settings):
cH . PMIX-1: AIL>ELE
| F”I 1 f23¢5678 Il 2 mixing rate setting PMIX-2: ELE>THR
7 Move the master control-in the direction-youwantto-adjust-anc—————
B _,/ l"‘i "1 one of the mixing rate displays wil flash.  Set the mixing amount
= et ¢ with the (+)/(-) keys.  Note that you can set the mixing rate

Mixing rate Mixing rate (right individually for each side of the mix (left/right or up/down).
(left or up) or down) NOTE: If the amount of mixing is set to 0%, no mixing will occur

Range: -10C to +100% > You may reset the rate to zero by pressing the (+)/(-) keys
(Initial va'.e: 0%) simultaneously.




HOV-TH — Hovering Throttle

The Hovering Throttle function may be used to trim the throttle near hover withgyt
affecting pitch. lts position can be memorized so that when the model memory is recalled,
the original trim is repeated by rotating the knob to its center position.

When the hovering throttle knob is turned clockwise, the engine speed rises and
when turned counterclockwise, the engine speed drops. Changes in rotor speed
caused by temperature, humidity, or other conditions can be accommodated. When
used with the hovering pitch function, more exact trimming is possible.

Working with Hovering Throttle

These keys are used to move

Activ ri r i ToHOV-PE o " ihe two sub .
Press the (+) key to activate the HOV-TH function ("ON"0r  fynction  vough the two submenus in
"OFF" will be displayed, depending on the IDL-UP switch's the HOV-TH function.

position). Use the (-) key to [NHibit the mixer.)
— : :
I m in

iﬁg H|:|”—'TH l Press the (+)/(-) keys
ON - SET

% simultaneously to enter the current

1_1% I knob location. When the hovering

L=, *|| throttle knob is returned to the
[ | center, the trim returns to its =

Current trim emory | Position before memorization. To PMIX-2

Range: -100 to +100% | Note that when memorization is function

repeated with the knob offsel from

center, the trim value accumulates.

> mm—

> E— oy

Data input keys

(Initial value: 0%)

Current trim positiono « If you wish to reset to the initial value, make the trim position 0%
Ra_n.ge: -100 to°+100 %o with the knob and memorize the trim, then return the knob to its
(Initial value: 0% _center position.

HOV-PI — Hovering Pitch

The Hovering Pitch function may be used to trim the rotor pitch near hover without
affecting throule.  Its position can be memorized so that when the model memory is recalled.
the original trim is repeated by rotating the knob to its center position. ’

When the Wovering pitch knob is turned clockwise, the rotor pitch increases, and when
turned counterciockwise. the rotor pitch decercases.  Changes in rotor speed caused by
temperature. humidity, or other conditions can be accommodated.  When used with the
hovering throtc function. more exact trimming is possible.

Using the Hoverig Piteh Function

These keys are used (o move
through the two submerus in
the HOV-PI function.

1. Act.ate Hovering Pitch Function To GYRO
Press thz (+) key to activate the HOV-PI function ("ON"or  fnction
"OFF" w ! be displayed, depending on the IDL-UP switch’s

oositior  Use the (-) key to INHibit the mixer.)

i B e g 2.__Trim memory setling
‘ P Hl-( ‘ ‘I q Press the (+)/(-) keys
..l F l simultaneously to enter the current
oN

o g knob location. When the hovering

memeny P 4

L1 l.'l pitch knob is returned to the cenler,
e < - et o« the tnnj rett_urns to its position before 14 Loy.TH Data input keys
Currznt trim memory memoriza 1(;0. . function
Rancs -100 to +100% Note that when memorization is
e Ao 0% repeated with the knob offset from
/ \IIH. (<1 varaoc ooy o S
center, the trim value accumulates.
Current inm pos: =~ - if you wish to reset to the initial value, make the trim position 0%
. 10 SRR L A . . 4 -
Range: -100 1o =% 2% with the knob and memorize the trim, then return the knob to its
(Initial vaiue: 07 L_center position.




(Continued from preceding page) To PMIX-2 These keys are used to move

- F'l'- 1 o izusm

°i‘_IH+ OFF

function around in the PMIX-1 menu

Turn the Link function ON or OFF
with the (+)/(-) keys. When the Link
function is ON, ">" is displayed

after the slave channel on the

o]

>— ===« e ]
Link function ON/OFF
indicator

-

1‘!.;

F“I --1“’“ izussn
| TRIM OFF

“| screen.
N [ 6._Trim setting To TH-NDL Data input keys
This couples the master function

channel's trim with the slave
function. Select ON/OFF with
the (+)/(-) keys.

« If you select "STK-3" to tumn mixer
on and off, you'll need to set the
switching position and direction. To

\__ >y pummem <

Tnm ONIOFF indicator

do so, first position the throttie stick
\ where you want switching to occur.
Next, enter the stick position into

7._Offsetting neutral mix point__ memory by pressing the (+)/(-) keys

o] . If you want the mix to occur simultaneously. (a percentage will be
l F”I - —1 oA 1234 5678 i somewhere besides master displayed on the screen.
oN sV oser % neutral, hold the master A If you want mixing turned on at the
' ' IF T l-'l l channel control in the desired high throttle side of the set position,
‘ e == — position, and store the offset press the (+) key. If you want mixing
Displays offset position position by pressing the (+)/(-) on at the low throttle side, press the
Nkeys simultaneously. (-) key. An arrow is displayec above
- o lecti or below the small "3" at the rignt top

Choose the desired mixer corner of the screen to verify proper

=

FHIi-1
|III—E FHLILL

| ]

ON/OFF switch with the (+)/(-) ~ Swilching direction.
keys. When you think you're done, move

the throttle stick and check if
I 3 programmable mixing switches on
B /9 ON/OFEE Direction and off in accordance with your

s

Current Displays

Set the ON/OFF directions with ~ Settings.

on’off ON/OFF switch the (+)/(-) keys. 5

switch direction

NULL = Normal operation regardless of switch setting

UP = Switch upper or rear position turns on the function

CNTR = Center position of 3-position switch tUrns on the function
DOWN = Switch lower or forward position turns on the func:an




GYRO — Gyro mixing

The gyro mixing function is used to adjust the gyro sensitivity from the trarisiitter.
Use this function by connecting the gyro sensitivity adjustment input connector to the
channel 5 output of the receiver. Switch H or switch G (idle-up switch) can be
selected, and each direction of the changeover switch can be adjusted.

Switch H: The UP and DOWN sides sensitivity can be adjusted.

Switch G: The NORM, IDLI, and IDL2 sensitivities can be adjusted.

Entering Gyro Sensitivity Values

1. Activate Gyro Mixing Function To GOVrpm These keys are used to move
Press the (+) key to activate the GYRO function. function around in the GYRO menu.
( Use the (-) key to INHibit the mixer.)

-~

2. “UP" side setting
I cH ¥ .| |Enter your desired sensitivity value
% IJl- . F | ‘ 5 i

with the (+)/(-) keys.

- =" 3. "DOWN" side setting
l ._ll-_'j ! Enter your desired sensitivity value
== =P | ey To HOV-P! Daiz ~aut keys

4. Swntch selection
Slect the desired switch with the

Sensitivity amount function

Range: 0 to 100%

o iti : (+)/(-) keys.
direction  (Initial value: 50%) i
display

Switch H: UP, DOWN
Switch G: NORM, IDL1,IDL2

GOVrpm — Governor mixing

The Governor mixing function is used to adjust the GV-1 (Governor) speed
settings (rS1. rS2. rS3) from the transmitter. Whether speed sw mhma and governor
ONJ/OFF are switched using onc switch or ON/OFF switching is per fformed using an
independent switch can also be selected. When speed setting control uses CH™ and an
ON/OFF switch 1s used. CHS can also be used.

When speed and ON/OF are switched using one switch
(Setting example)

Governor Speed [ Switch Position Rate | Adjustment from Transmitier
[ (Switeh C or G) i) I i ] o
tS1: OFF ! UPorNORNM | 0 [ Uscupto “ o (Governor speed display: "o
rS2: 1400 . CNTRoriIDLL 1 30 : Speed uhu\l s« by raising and lowering “S000 e
1$3:1700 | DOWNorIDL2 | 100 |
' i i Speed adjusted by Towerig " 100" 6" rate.

* For instance, 1S3 is adjusted bv setting the maximum speed used and lowering it

from the transmitter.

* For the time being, usc the initial rate setting above.

* Since speed adjustment from the transmitter is rate setting. for the actual speed.
—— checkingthc gove sidedisplay and remembering its refattonshipwith- the wetvat———

speed 1s convenicii,

When governor ON/OFF is controlled using switch B
When governor ON/OFF uses an independent switch. the speed can be adjusted and
switched using cach position (3 points) of switch C or G.



Caution:

The relationship of the governor speed setting rSl~rS3 and the switch positions
conforms to the table above. Since the governor mixing function may not be used or
the dircction may be different, if this mixing was turned ON, first check the direction.

At throttle hold, always check that the governor is OFF. Conversely, when the
speed value rises, reverse it as described in "Throttle hold OFF direction selection".

Setting the Governor Mixing Function

1 iv. i ixing Functi To TH-NDL These keys are used to move
Press the (+) key to activate the GOVrpm function. function  around in the GOVrpm menu.

( Use the (-) key to [NHibit the mixer.)
-

3. “CNTR":
Enter your desired speed value

“ " Gj ing:
|Jogqq® 7 | |[Enteryour desired speed value
EE'J” ™ F Il [witn the (+)(-) keys.

LIF Al

=== ith the Lajieieeyer Gkt Sl '
Speed setting 4. "DOWN™ To GYRO Data input keys
Switch Range: 0 to 100% Enter your desired speed value function
direction (Initial value: with the (+)/(-) keys.
. UP=0%
display CNTR=50%  Switch C: UP, CNTR, DOWN
DOWN=100%) Switch G: NORM, IDL1,IDL2
a -
, . x /QOFF nnel ion
I IJI “ l T l Select the output channel with
2 = the (+)/(-) keys.
| HOLD CHF |
N i ""'"—‘ CH7: CH7 controls the speed and ON/OFF.
Channel settmg CH8: CH8 independently controls ON/OFF. -
N/OFF i f d with switch B.
Range: CH7 or CH8 ON/OFF is performed with swi
= L]
' l i } 6. _Selection of OFF Diregtion at Throttle Hold.
E AT il Operate the (+)/(-) keys in the direction that turns
! O'j—! H the Governor off al throttle hold operation.
LD Lt
ool o L _<_.J
Current setting
Range: Imt+, Imt-
[ = * 1 . :
- r  «f |7. _Switch Selection.
!i IJI H IL ' r' ! l Chose the desired mixer switch

oK

: e s, [ |with (+)/(-) keys.
{ I S H
‘ > T pEnel <

> oo Sp— -

|
Switch dispiay

Range: SWW-C or SW-G




TH—NDL — Throttle—Needle Mixing (Normal, Idle)

The Throttle—Needle mixing function is used to control the engine’s mixture using a 5-

point curve relative to throttle

stick movement . The engine must be equipped with a

mixture control system, such as needle control or some other mixture adjustment, and the

needle servo must be plugged

into CH8.  The CHR& knob may be used for High-side mixture

adjustment when the idle-up (IDLE) function is ON.
You can have independent control of throttle—needle mixing in both the Normal

(NORM) and idle-up (IDLE) conditions.

The TH—NDL function includes an ‘acceleration”

function that precedes rapid throttle opening and provides the engine with the best mixture.

Setting Throttle—>Needle Mixing

Top arrow indicates the
current stick position (2
arrows means it's

between points) \

/

'@ ' . s ‘.. \“l' v
i TH=AHDOL  d2ses l
- s
L HOEM &
I e » ooy e
Curve Name  Curve Point
Display Value
NORM :0-
gr IDLE) ii'\;gr(\)%/oe) £

Move between the TH-NDL
NORM and IDLE screens
with the (T)({) keys.

The blinking it=n on the
setting screen :s the

Curve points 1-5
The bottom arrow shows the pointon TH-NDL NORM
the five-point curve currently being set. ¢,nction

These keys are used to
move around in the
TH-NDL function.

To INVERT or

/1 Turn the TH-NDL function ON
by pressing the (+) key ("ON"
displayed). Turn off (INH) the
function with the (-) key.

2. _Input 5-point curve values
Move the lower arrow to the
position you want to set with the
CURSOR keys (the curve point is
indicated by the arrow below the
numbers 1-5, and the current
throttle position is above the
numbers). Enter the desired curve
value with the (+)/(-) keys.

« If you're unhappy with what you've
set, you may return to the default
value by pressing the (+) and (-)
keys simultaneously.

Initial values:

POS1 = 0%

POS2 =25%

POS3 = 50%

POS4 = 75%

Data input keys
To TH-NDL or
GOVrpm function

current setting tem.
i ) W P
| THHHEL i
I o o
HCCE sl
> o e « [S—)
o>

Acceieration amount
Rang=. §to 100%
(Initial value: 0%)

\\POSO = 100%

3.Acceleration function setting

Enter the desired acceleralion value with the (+)/(-) keys Raturn to
a 0 % value by pressing the (+)/(-) keys simultaneously.
Acceleration is only mixed in when the throttle is moved tcwards
High. If Throttle Hold is activated, the needle servo moves a
acceleration is performed even though the throtlle servo
Idle-up functions are performed when the throttle curve |
function is ACTivated
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Altitude
hg.m h, m Temperature T, K Pressure p, N/m? Density p, kg/m3
—2.500 —2.501 304.42 1.3521 1.5473
—2.400 —2.401 303.77 1.3369 1.5333
—-2.200 —2.301 303.12 1.3220 15194
—-2.200 —2.201 302.46 1.3071 1.5056
=2.100 —=2.101 301.81 1.2924 1.4918
—2.000 —2.001 301.16 1.2778 = 5 14782 -0
—1.900 -- .90 300.51 1.2634 14646
— .80 —1.801 299.86 1.2491 14512
—1.700 —1.701 299 2] 1.2349 1.4379
—1.600 —1.600 298.56 1.2209 1.4246
—1.500 —1.500 29791 1.2070 14114
—1.400 —1.400 297.26 1.1932 1.3984
~1.300 ~1.300 296.61 1.1795 1.3854 d
-1.200 —1.200 295.96 1.1660 1.3725
—~1.100 —1.100 20531 1.1526 1.3597
1.000 —1.000 294.66 1.1393 = 5 1.3470 = 0
000 Yoo 20401 11262 K
BN NG 293.30 eelfs) 1.3219
e T UL 7| 1.1002 13003
Ol o 202.06 1085+ |.Bug?
St 00 291,41 1,074 1.2849
o 300 290,76 1.0622 R
R - 300 290,11 10498 1.2607
20 200) 289460 1.0375 12487
~ 100 - 100 Ry~ Y L0283 1.23068
" 0 RESNTG F.OI3253 =5 1.2250 + 0
100} 100 ANT7.51 1.0013 L2133
200 200 286.80 OXRY4S — 4 1.2071
300 200 28621 97773 11901
400 400 28340 9.6611 1.1787
500, 00 28491 9.5461 1.1673
(OO GO0 = 28120 Q. 13727 1.1560
700 700 283.01 93194 11448
SO0 OO 282,96 9.2077 1.1337
900 9200 28231 9.0971 11226
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Altitude
hg, m h,m Temperature T, K Pressure p, N/m? Density p, kg/m3
1,000 1,000 281.66 8.9876 + 4 1.1117+0
1,100 1,100 281.01 8.8792 1.1008
1,200 1,200 280.36 8.7718 1.0900
1,300 1,300 279.71 8.6655 1.0793
1,400 1,400 279.06 8.5602 1.0687
1,500 1,500 278.41 8.4560 1.0581
1,600 1,600 271.76 8.3527 1.0476
1,700 1,700 2 Jilelsl 8.2506 1.0373
1,800 1,799 276.46 $.1494 1.0269
1,900 1,899 275.81 8.0493 1.0167
2,000 1,999 275.16 7.9501 + 4 1.0066 + 0
2,100 2,099 274.51 7.8520 9.9649 — 1
2,200 2,199 273.86 7.7548 9.8649
2,300 2,299 273.22 7.6586 9.7657
2,400 2,399 272.57 7.5634 9.6673
2,500 2,499 271.92 7.4692 9.5696
2,600 2.599 271.27 1.3759 94727
2,700 2.699 270.62 7.2835 9.376>
2.800 2.799 269.97 78192 92811
2.900 2.899 269.32 7.10106 9 1863
3.000 2.999 268.67 T.0121 + 4 90826 — |
3.100 3.098 268.02 6.9235 R.9994
3.200 3,198 267.37 6.8357 R.9070
3.300 3.298 266.72 0.7489 8.8153
3,400 3.398 266.07 6.6030 8.7243
3,500 3.498 265.42 6.5780 8.6341
3,600 3,598 2064.77 6.4939 85445
3,700 3.698 264.12 6.4100 8.45357
3.800 3.798 263.47 6.3282 8.3676
3.900 3,898 262.83 6.2467 8.2802
4.()()(). 3.997 262.18 6.1660 + 4 S.1935 — |
4.100 4.097 261.53 6.0862 1075
4.200 4,197 260.88 6.0072 8.0222
4.300 4.297 260.23 5.9290 7.9376
4.400 4.397 259.58 5.8517 7.8536
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M99 0.1 faeruiRvsun e
Displacement | Bore | Stroke RPM Output Weight | Recommended Props
(cu in) (in) (in) (BHP@rpm) (02)
0.455 0.870 | 0.770 | 2,000-17,000 | 1.59 @ 16,000 130 10.5x6, 11x6-7, 12x6-

7




INVERT CROSS — Inverted Cross Position

The inverted cross position function sets the point at which low-side pitch is
crossed when switching between forward and inverted. It is commonly set to a value
of 30%.

Entering Inverted Cross Position

Activate Inv r ncti To . These keys are used to move
Press the (+) key to activate the INVERT CRSS function REVOLU  through the two submenus in
("ON" or "OFF" will be displayed, depending on the Invert fU"C“n | the 'NVERTU"CUO- :
switch H's position). Use the (-) key to INHibit the mixer.) y 3 R STAR

Enter your desired cross point value

- - e
i IFLERT .
oN with the (+)/(-) keys.
' |- ll.:;l.'.'..'l - You may return to the initial value of

30% by pressing the (+)/(-) keys
simultaneously.

r i

D
a
> E— — > ez

l

Current cross poinit setting function
Range: 0 to 50°-
(Initial value: 30°:)

REVOLU — Revolution Mixing (Normal, Idle-Up 1, Idle-Up 2)

Revolution mixing is used to mix pitch—rudder to suppress the torque reaction
generated by changes in the pitch and speed of the main rotor. The mixing ratio can
be set by a five-point curve.

Three are three kinds of revolution mixing: normal (NORM), idle-up 1 (IDL1),
and idle-up 2 (IDL2).  Only basic NORM revolution mixing is displayed in the Basic
Menu. but all the revolution curves are visible in the Advance Menu.  If you program
the normal curve in the Basic Mecnu, the same curve is automatically reflected in the
REVOLU NORAM menu within the Advance Menu, and vice versa.

The REVOLU functions for the IDL1 and IDL2 curves will not operate until the
OFST-1 and OFST-2 functions are activated.

Revolution Mixing for Idle-Up 1&2
These two functions sct the mixing rate so that the fuselage direction is straight
ahead during high-speed flight.  You can set either a curve or offset position to
match the helicopter’s tendencics. You may also program inreverse rudder mixing
for 3D flight.
Example Revolution-Norm

Five-point Curve
e eees- +100%

e +50%
13%

Response »

/ 0% 10% - 0%
; -20%

L ,
33%
T4 L -50%

« Serv

S i 2100%
1 2 3 4 5
Curve Point
LOW «- throttle stick — HI



Revolution IDL1 Curve Example

Revolution IDL2 Curve Example

THOO% F“r—h
- T !
o F— et 1500 PR a—
s s i
g ,10% a | ;10%
2 — 09, 8 | L — 0%,
['4 r/u/‘_1o% 0% i1 ‘ == ¥10% 'OA;
o o— H7% o 7% !
S $25% . 5 125% | .
S | -50% 3 | 1.-50%
: L l ] ;
-100% ! L .100%
1 2 3 4 5 1 2 3 4 5
Curve Point Curve Point

LOW « throttle stick — HI

Inputting Revolution Five-Point Curves

LOW « throttle stick — HI

The Revolution Normal function is on at startup.

Itcan be turned ON/OFF with the (+)/(-) keys.

Top arrow indicates the current stick
positicn (2 arrows means it's between

points) Curve points 1-5

setling screen is the
Current setting item.

The blinking item on the

These keys are usec
to move through the

The bottom arrow shows the point
st B on the five-point curve currently

RELIOLL

oN

being set.

=~ nput 5-point curve values
.' '- '“_'F'r l1 A move the lower arrow to the
e s position you want to set with the
CURSOR keys (the curve point is
: indicated by the arrow below the
Curve Name Curve FOIg Valus numbers 1-5, and the current
Display - '(Tfn'ge. N +1Op/°)_ throttle position is above the
(NORI.) gd ciJrvoe g 2o numbers). Enter the desired curve
JOS+=0% value with the (+)/(-) keys. -
2082 = 25% s - . ;
F0S3 = 509, + If you're unhappy with what you've
5034 = 759, set. you may return to the default
2035 = 100% value by pressing the (+) and (-)
keys simultaneously.
~N
Revolution iz 2-Up 1 &_’dle,:UD,2,Curye,,Seﬁ[ling

The REVOLQ IDL1 &/or IDL2 functions will not operate until the
OFST1 and or OFST? functions are activated, which also
activates the IDL1 & IDL2 Pitch & Throttle curve menus.

You can acivate idle-up 1 and idle-up 2 independently.
The curve inputting procedure is the same as normal curve
described aocve.

To REVOLU IDL2 or INVERT function

To PI-CRV five submenus in the
function REVOLU function.
il - A..~I~" ey
o 1 n U
?ﬁa Lo )
To REVOLU Data input keys
IDL1 function

To REVOLU NORM
or IDL1 function




PI-CRV — Pitch Curve (Normal, Idle-Up1 & 2, Hold, Inverted)

The pitch curve is defined by a S-point curve so that you may set the best pitch motjon
relative to throttle stick movement. Each point on the curve can be adjusted over a 0% to
100% range.

The T8U system contains five pitch curves: normal (NORM), idle-up 1 (IDL1), idle-up 2
(IDL2), hold (HOLD), and inverted (INVR). The basic normal pitch curve is the only one
displayed in the Basic Menu, but all of the pitch curves can be viewed in the Advance menu.
The Normal curve is cxactly the same in both the Advance and Basic Menus.

Use the idle-up switch (switch G) to move between Normal, idle-up 1, and idle-up 2.
(The PI-CURV functions for IDL | and IDL2 curves will not operate until the OFST-1 and
OFST-2 functions are activated.) Switching to the hold (HOLD) function is performed with
switch E.  Switching to the inverted (INVR) function is performed with switch H. Note
that whenever the hold switch is turned on, it has priority regardless of the idle-up switch
position.

Normal Curve Adjustment

The normal (NORM) pitch curve function produces the basic pitch curve for flight near
hover. It is sct up to provide up and down control at a constant engine speed along with the
normal throttle curve,

Idle-Up 1 & Idle-Up 2 Curve Adjustment

The Hl-side pitch curve limits the maximum rotor pitch so that a large load is not applied
to the engine.  The LO-side pitch curve produces a curve with a minimum pitch of -4°,
ldle-up 1 is used for 5340° stal] turns, looping. and rolling stall turns, while idle-up 2 is used
for rolls.

Throttle-Hold Curve Adjustment
The throttle hold curve is used when performing autorotations, and should provide pitch
from -4 10 « 127 o getthis pitch range. set the HI and LO rates to +~100% and -100%
respectively,
)
Examples of these four curves are shown below:

NORM Pitch Curvs: v, it YT =
NORR Pitch Curvs: Evamol DL Pitch Curve Example

bt 100%,
290°,

7 ,1{0, ’ : 75
3 A < 68%
5 N 2 : 50%
2 o
>
3 e ! 25%

17%

9 A S 00
1 2 3 3 a 2 ) 3 5
Curve Pairt Curve: Point
LOW « throtite st - 4w LOV/ < throltie stick « HI
IDL2 Pitch Curve Example HOLD Pitch Curve Example
’ 100% --100%

Z 5 75%
: /700 :
>; cRo
: i 50°
B 437
= e 2{)
. / 27%

10% /

1 2 3 i 5") 1 > 3 4 5 0%

Curve Point Curve: Point
LOW « throttie stire k1 LOVY < throttle stick  , H|



SETTING METHOD

The Pitch Curve Normal function is on at startup.

Top arrow indicates the current throttle
stick position (2 arrows means it's

between points)  Curve points 1-5

The blinking item on the
setting screen is the
current setting itern.

yd
4

{LPT-CRU e

being set.

-

These keys are used
to move between

To TH-CRV  curve points in the
The bottom arrow shows the point function
on the five-point curve currently

TH-CRYV function.

A e

Curve Name Curve Point Value

% i
o ] T -DOi val
! I. ‘“_IE.r '1 l.'...l Move the lower arrow to the
—— = position you want to set with the
I > |CURSOR keys (the curve point is

indicated by the arrow below the Epr
numbers 1-5, and the current

Display (Range: .- +10.0%). throttle position is above the TP G Data input keys
(NORM) :;uotlgl‘lc_urv; Sellings: numbers). Enter the desired curve IDL1 function

POS2 - (2)5?% value with the (+)/(-) keys.

POS3 = 50% * If you're unhappy with what you've

POS4 = 75% set, you may return to the default

value by pressing the (+) and (-)

keys simultaneously. To PI-CRV NORM
~

POS5 = 100%

Idle-up 1 Pitch Curv in or PI-CRV IDL1 function

The PI-CRV IDL1 function will not operate until the OFST1
function is activated. This also activates the IDL1 Throttle &
REVOLU curve menus. You can activate idle-up 1 and idle-up 2
independently.

The curve setting procedure is the same as normal curve
described above.

To PI-CRV IDL2 or PI-CRV HOLD function {

To PI-CRV IDL2 function
Throttle Hold Pitch Curve Setting g
The PI-CRV HOLD function will take data, but will not operate
unti the throttle hold (TH-HLD) function is activated.
[
The curve setling procedure is the same as normal curve
described above.

To PI-CRV INVR function

To PI-CRV HOLD function
Inver Pitch Curve Setting
The PI-CRV INVR function will take data. but will not operate uniil o2 +
1o :

the INVERT function is activated. D EEha
A |
The curve setting procedure is the same as normal curve b - )
described above. /6’43 @ e
CAUTION To REVOLU function

Before actually starting the engine. be sure that idle-up switches 1 and 2 are off. anc the
throttle is set near engine idle.




SETTING METHOD

The Pitch Curve Normal function is on at startup.

The blinking item on the
setting screen is the
current setting item.

Top arrow indicates the current throttle
stick position (2 arrows means it's
between points)  Curve points 1-5

/ The bottom arrow shows the point
LD |- - | = N, e on the five-point curve currently
l F I—LF” 12345 l /being set.
oN
In -poin |

|

> o e <

'mnlle

Move the lower arrow to the
position you want to set with the
CURSOR keys (the curve point is
indicated by the arrow below the
numbers 1-5, and the current

| HCEe
|

Curve Name Curve Point Value
(Range: 0 - +100%)

)

Display e -7 throttle position is above the
(NORM) g“ot';cfrgs SelingS: numbers).  Enter the desired curve
e - 25‘2% value with the (+)(-) keys.
POS3 = 50% + If you're unhappy with what you've
POS4 = 75% set, you may return to the default

value by pressing the (+) and (-)

keys simultaneously.
>

POS5 = 100%

Idle-up 1 Pitch Curve Setting

The PI-CRV IDL1 function will not operate until the OFST1
function is activated. This also activates the IDL1 Throttle &
REVOLU curve menus. You can activate idle-up 1 and idle-up 2
independently.

The curve setting procedure is the same as normal curve
described above.

To PI-CRV IDL2 or PI-CRV HOLD function

These keys are used
to move between
curve points in the
TH-CRYV function.

To TH-CRV
function

o PI-CRV
IDL1 function

Data input keys

To PI-CRV NORM
or PI-CRV IDL1 function

Throttle Ho'd Pitch Curve Setting

The PI-CR' HOLD function will take daia, but will not operate
until the throltle hold (TH-HLD) function is activated.

The curve ssiling procedure is the same as normal curve
describec zbove.

To PI-CRV IDL2 function

To PI-CRV INVR function

Inver Pitc~ Curve Setting
The PI-CRY\ INVR function will take data, but will not operate until
the INVERT function is activated.

The cunve setting procedure is the same as normal curve

describec =

CAUTION

throttle is set near engine idle.

To PI-CRV HOLD function

. -+
;33 & &

A >
v

-

Hove. ’ /M e
To REVOLU function

Before actually starting the engine, be sure that idle-up switches 1 and 2 are off. and the

Ik .J




MAP OF ACRO AIRCRAFT FUNCTIONS

Parameter menu
Reverse

REVERS

F/S Failsafe settings
Idle-Down

Exponential

Dual Rate

ATV- ATV function
{;’ (BasigMenu initial screen)

Timer

Throttle Cut

Subtrims
Trim Reset
Model select

Treiner settings

ACRO Basic Menu

FLPTRH
FLPRON

PMIX-7

Aileron Differe- ..
Flap Trim

Flaperoﬁ

Programmable .t
Programmable i
Programmable ..
Programmable {.*
Programmable 1"

Programmable hiix

PMIX-1

Programmat
Mixer =1

TH—HNDL

TH-DLY

ALVATR

ELEVON

ELESERL

ABRAKE

ACRO Advanced Menu

{7 (Special Mix menu initial scr=2n;

Throttle-Needie
Throtile Deiz,

Snap Roli

Ailevator
(differential eiz. 2tor)
Elevon

V-Tail

Elevator-Flap

Airbrake settings

>
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AIRCRAFT SETUP INSTRUCTIONS (GENERAL 120 CLASS STUNT PLANE)

The aircraft setup procedure presented below
uses a F3A-class model as an example. You may
use a similar procedure (o set up your own model,
but your setting’s numbers and percentages will
probably be difterent.

1. Enter the Model Select menu (MODEL) by
pressing the two BASIC keys, then pressing one
of the MODE keys until “MODEL” appears.
Press the right (>) CURSOR key to get to the
model select function (SEL) and choose a vacant
model memory with the plus (+) and minus (-)
keys. Select it by pressing both the DATA
INPUT keys at once.  The following instructions
refer to memory =3,

- = VOEL 410

=
i “EL @5 51234§6789i

H R

> e j—— < > Eoemme pwenmn <

2. Press the right (>) CURSOR key twice to get
to the model name function (NAME, p.44). Use
the CURSOR and DATA INPUT keys to spell

out the name that you wish to appear on the screen.

one letter at a time.

< VOCL g |

01234567 ael|

H:HT'”'%1§

\ > o p— by e «

3. Enter the Pasimeter (PARA. p. 34) menu by
pressing the down MODE key twice.  Use the
left (<) CURSOR key 10 select the model type
(TYP) function and verify that ACRO (aircraft) is
selected. (If it isn't select ACRO by pressing the
plus or minus DATA INPUT keys until it appears.
then pressing both DATA INPUT kevs 1o select
i)

Iy

| BCw v

iL& T' ‘FE 61234;573§EE
st ‘

[ ACRO [
> exmeamy P < e )

WARNING: selecting a different model type will

erase the settings in the model memory. Bl
SURE you're in the correct model memory before
selecting a new model tpe.

[f necessary. go 10 the modulation (MOD. .

30) menu to select the proper mode  of

wansmission (F is for FNUPPM transmission. and
C s for PCM)

This should be set to match vour

receiver.  If you make a change, it won’t ke
effect until you cycle the power off and on again.

i FERA mu??;s;'i
[ MO

HOC PR

> mm—— pum— <

4. Next, tum on the Flaperon function (FLPRON,
p. 72) in the Advance Menu.

To do this, press both ADVANCE buttons
simultaneously, then press the MODE button until
“FLPRON” appears in the display. ~ Activate by
pressing the plus (+) DATA INPUT key (“ON™
should appear flashing in the display.

i F[Fl:nr"'“e 1

i -rJ_L_'_

Connect the right aileron servo to receiver CHI
and the left aileron servo to receiver CH6.

Note that you can get differential by adjusting
the up and down motion of the two servos in the
FLPRON menu. If you don’t need the flap effect.
you can use the AI-DIFF menu (and plug the
servo nto the receiver CH7 output.

5. Check that cach servo moves the proper
direction.  The aileron servos should move in
opposite directions for aileron stick mation. and
the same direction for flap control. - e use e
Reversing function (REVERS, p. 33) in the Basic
Menu o set the proper throw directions tor cach
servo. - Also cheek clevator, rudder. throtle. eear.
and any other servos.

6. Sct the basic travels with the ATV function in
the Basie Menu ( A l\’ p. "‘))

{E Ll II—HI ™ 12345678 E
bo1ee 1ee]

> emsmmet jumman < > ooaamany s « )

l___Ll

Aileron settings: the left and right aileron tavel
should be_limited to roughly 9716™ (14-13

mm). I neeessary, adjust CHT and CHG
with the ATV function. Choose a location on
the servo wm so that the throw is adjusted | n
the 90-100? o range.

Clevator_setting: adjust the clevator wavel_to
roughly 9/16™ (15 mm)_with the ATV
function.



Rudder setting: adjust the rudder travel to roughly

45 de in the left and right directi i

7. Dual Rate setting (D/R, p. 29)
Adijust the servo motions with the D/R function (in
the Basic menu).

Alileron Dual Rates: adjust the aileron travel to
roughly 7/16” (11 mm). You may also wish
to adjust EXP so that ts rate is -20 (0 -30% to_
soften things around neutral.

Elevator D/R: adjust the up_side to 15/32” (12
mm) and the down side to 17/32” (13 mm).
EXP should be -15 to -20%.

Rudder: adjust the left and right travel to 40 to 45

 degrees. EXP should be about -20%.

8. Axrbcake_L__, %, Advance menu, p. 74):.

an_airbrake effect is obtained by raising both

ailerons and adding elevator to trim.  This high-
drag configuration assists 1 landmgs in small
airfields. It is possible to loose some aileron
effectiveness so test the airbrake effect at altitude-
before trying it on a landing approach. You
should spend some time fine adjusting the elevator
travel so that there is no trim change with the
application of airbrakes.

The rates may vary considerably for different
modcls but for initial settings choose the flap rate
to be (-r)SO 53% , for both CHI1 and CH6. The
ELE rate should lze“sgt_ t0 7% - -10%.

We recommend that you select the Manual mode.
The default aitbrake switch is _SW(C), lower
position ON.  Move SW(T) to the 'ower position

w@ﬂ@,itf opelmioia;
| EERAKE=w ¢ |
| MERL Shi-C

> ETTETY T > eomsmeny pm—™ <

9. Snap Roll (SNP, p. 77, Advance Menu)
Activate the Snap Roll function by pressing the
plus (+) DATA INPUT key.

Set the deflection rate for each switch position.
Be sure that the direction of motion of each control
is correct.

Aiileron: 80 - 100%

Elevator: 90 - 110%

&Ud_de_rwo
| _HF—HI”"HS i
I Bl 41857

>y mm > ey P <

We recommend that you activate the safety switch.
This stops your model from snap rolling if the
landing gear are not retracted, so you don't
accidentally snap while taking off or landing.

If your aircraft snaps poorly, increase the
deflection of the elevator and rudder. Note that
some models don’t snap even when the control
deflections are increased.  This may caused by
too far forward center of gravity, or by the
characteristics of the airplane.

10.  Failsafe settings: we recommend that you set
the Fail Safe function (F/S, p. 32) to move the
throttle to idle if interference is experienced.

Note that the failsafe function only operates in the
PCM transmission mode.

- n

| FeS e i

| THE =

g3l

I1. Now take advantage of your system’s other
great programming capabilities. You may set
such functions as Throttle—Needle (p.78)and
Throttle delay (p.78) to improve engine response.
and couple elevator to flaps for tighter comers in
the elevator-to-flap mixer (ELE—FL. p. 73).
You may want to ise, promanunable mixers to Uu'
rid of unwanted teiidéncies (for example, puchm<7
up during knife-edge flight.  Finally, if vou have

dual elevator servos, you can turn on the Ailevator
function (ALVATR, p. 76) to increase roll

authority in low-speed maneuvers.  The sky’s the
limit — enjoy!



The following chart may be used to syste
and aerobatic mancuvers.
calm conditions.
before making adjustments.
and verify that they are not also affected.

Pattern Aircraft Flight Trimming Chart

matically set up and trim a model for straight flight
Please note that for best results, trimming should be done in near-
Before you decide to make a change, be sure to try the test several times
If any changes are made, go back through the previous steps

If they are, make further adjustments as necessary.

To test for Test Procedure Observations Adjustments
1. Control Fly the model straight and level Use the transmitter trims for hands- Change electronic
ncutrals off straight & level flight, subtrims or adjust

clevises to center
transmitter trims.

2. Control
throws

Fly the model and apply full
deflection of cach control in turn

Check the response of each control

° A

ileron high-rate: 3 rolls in 4

scconds: low-rate: 3 rolls/6 sec

e Clevator high-rate: to give a smooth

Change ATV (for high
ratcs), and Dual Rate
settings (for low rates)
to achieve desired

square corner: low-rate gives approx. | responses.
130 ft diameter loop
e Rudder: high-rate 30-35° for stall
turns: Tow rate maintains knife-edee
3. Decalage Power off vertical dive AL NModel continues straight down A Noeadiusnment
serosswmd i any), - Release B Model starts o pull out (nose B. Reduee mcidence
controls when model vertical up) C.Ineresse incidence
celevaior trim must be neutral) o Model starts o tuek in (nose
down)?
4. Centerof | Method 1: Roll into near Al Nosedrops AL Add weighrt o tail
Gravity i vertically-banked turn. BI.  Tail drops B.  Add weight 1o
' NMethod 2: Roll model inverted A2, Lows ol forward stick (down nose
clevator) required 0 maintain
level flight
B2, No forward stick (down
clevaton required o maintain
level fTight. ormodel climbs
S Tip el strannzht & leved N Medebdoes o drop awing, N
werght Check atleron wim B Lerwmy drops Boooadd
feourse - Tgtalet( T N0 Ll e ST [N EV LI | !
sdastment A N ( r :
Actense aileron stick, i i
fo Side S medeb i rom vou inte Voo A bedel continaes straieht up A No |
Mhrgst & Pali stmio a verticad B Nodeh Ve deli B A\ ‘
W drpea arch tor deviations as i Co N odviveers right CH Rodie thitist
Wing Slows dow Do Nodel rolls rieht D_ & Put i sab under
it wing tip =
7. Fivithe model onnormal path into | A Nadel continues stranght up AL N0 adiustment
U Down Coands paralle! toostrpana B N odel piches ap eoes toward 13
Thrust Haldine s o around TeOimcters fop ciinodel) «
oy entelesatar i shoudd he FET N ode] pitches down (coes
seutiidd s per Tesi 2 Pullag tovrd bottom ot maodel)
stocaverteal el \neatrabize
Jievator
& Tip DN ethod T v ihe model as per Vo Madeleomes out with wings Ao Noadisiment
weight (fine Testoand pull inio a reasonably feved NeCessan
adjustment) smalt diameter loop (one loop B NModel comesout right wing low | B, Add w cight o left
onlvy ( Modet comes out left wing Jow up
VCthad T ithe modelas per CooAddwerght o

Festooand then push e an

autside foop tone ondy. fairh

soh

right up




Pattern Aircraft Flight Trimming Chart (continued)

laterally)

_T) test for Test Procedure Observations Adjustments
). Aileron | Method 1: fly model toward you |A. No heading changes A. Differential
uifterential & pull into a vertical climb B. Heading change opposite to roll settings OK
before it reaches you. command (i.c. heading veers left | B. Increase
Neutralize controls, then half- after right roll) differential
roll the model. C. Heading change in direction of | C. Decrease
roll command differential
Method 2: fly model on normal A. Roll axis on model centerline
pass and do three or more rolls | B.  Roll axis off to same side of
model as roll command (i.e. right
roll, roll axis off right wing tip) A. Differential
C. Roll axis off to opposite side of . settings OK
Method 3: fly the model straight model as roll command B. Increase
and level and gently rock the | A. Model flies straight ahead differential
aileron stick back and forth without yawing C. Decrease
B. Model yaws away from roll differential
command (i.e. right roll, yaw left)
C. Model yaws towards roll
command (i.c. right roll, yaw
right) A. Differential
scttings OK
B. Increase
differential
C. Decrease
differential
10.° Method 1: Fly the model on A. Model has no tendency to roll A. Dihedral OK
Dihedral normal pass and roll into knife- | B.  Model rolls in direction of Bl. Reduce dihedral
edge flight; maintain flight with applicd rudder B2.  Use mixer to
top rudder (do this test in both C.  Model rolls in opposite direction produce aileron
left & right knife-cdge flight) in both tests opposing rudder
Method 2: Apply rudder in level - travel (start with
tiiaht 10%)
! Cl. Increase dihedral
| C2. Mixaileronstwith
rudder direction
| LOY% |
PUE Elevator  TFIv the model as in Test 6 and A, Norolling tendency when A Elevators in *1'
alignment | putiup into an instde loop.  Roll clevator applied correctalignmeni |
clormodels Tt erted and repeat the above B. Model rollsin same direction in | B, Either raise oo
with i b pushing itup it an outside both tests — halves misaligned. half. or lower the ;
independent | loop. C. Model rolls opposite directions other
clevator in both tests.  Oncclevatorhalf | C. Reduce throw on
halves) has more throw than the other one side. or increase
(model rolls o side with most throw on the other.
i s throw). ' !
12 I FLy the model as in Test 10 AL There is no pitch up or down A.  No adjustument
Pitching in B. The nose pitches up (the model needed
knife-cdge climbs laterally) B, Aliernate cures:
hight €. Nose pitches down (model dives 1) move CG att;

2) increase
incidence:

3) droop ailerons:

4) mix down elevator

with rudder
C. Reverse "3 above |

“Trim tab s 2

PN 3 AT X A wrailing edge stock. placed justin front of

66

aileron on bottom, pointed end forward.



IDL-DN — Idle Down Function

The Idle Down function lowers the engine idling speed when either the airbrake
switch (SW _C) or landmg_gc_m switch (SW G) _15__act|vated This function may be

used whenever you wish to raise the enginc idling speed to prevent the engine from
stalling. and to lower the engine idling speed for landing.

Setting the IDL-DN function

Activ. IDL- by pressing the (+) key To FIS  These keys are used to move
("ON" or "OFF" will be displayed). You may turn off the function  through items 1-3 in this menu.
function by pressing the (-) key (INH will be displayed). s ;

Idl wn throttl

iqﬂ IEIL:[II:I I i Adjust the idle down position with

the (+)/(-) keys.

i -l I‘_I H% l « If you're unhappy with your
i 1 El| setting, you may return to the
— ""r el default value by pressing the (+)
Cliffery 851 Range: 0 - 40%. and (-) keys simultaneously. To EXP function Data input keys
switz” Initial value = 0% |Normally, a value of about 10- 20% is suitable.  Secure the fuselage.
and while running the engine, set the throttle stick to idle.  Adjust the
*The b.~~:ng item is what is idle down rate while flipping the switch ON and OFF.
being s=:.
>
et . 3. Select the desired Idle-down switch with the (+) and (-) keys.
l g I[lL- [ H l - The "SW-C C/DN" display indicates that both the switch C
I — ! CENTER and DOWN positions activate the IDL-DN
l: | l I—'I . [ "-! function to lower the idling speed.
romm— >i—P— . The "SW-G DOWN" dispiay indicates that the G switch in
the DOWN position activates the IDL-DN function.
Switch nz~2 and direction display « The "SW-G UP" display indicates that the G switch in 1is

(SW-C C DN. SW-G DOWN, SW-G UP) UP position aclivates the IDL-DN function.

AlL2-Second Aileron (PARA Function)

ATLZ sutputs the second ailcron to channet St the "ACRO and "GHID LR
modes.: A mode that outputs second atferon to channcel 6 or 7 (T0or™ i the same s
normal. or a mode that outputs sccond aileron to channels S and 6 ("3&07) can be

sclcctcd. When using the flaperon or aileron differential function with a S-channel
receiver. selectthe "S&6" mode.

SETTING METHOD

= - — S

These kays are used to move 0

i;' = CH '= e N ,
] Fidr H 5o E{ To TRANR functon o o
! - — I AIL2 output chanmne:! .
I oIL® Sor? | seum |
ts s < vemmen mma | Select the outpul channg . 9/1 S
LS| with the (+() keys Fs e l ‘
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TH-CUT — Throttle Cut Function

The Throttle Cut function provides you an easy way to stop the engine by simply flipping a
switch with the throttle stick at idle, which commands the throttle servo to move a prescribed
amount. The amount of movement is largest at idle and disappears at high throttle. Both
the switch's location and activation direction may be chosen by the owner.

Setting up Throttle Cut Operations

Turn the TH-CUT function ON or OFF by pressing the

(+) key ("ON" or "OFF" displayed depending on switch

position).  Turn off (INH) the function with the (-) key.
g

Throttle Offset Movement Value
(Range: 0 - 40%)
(Initial value: 0%)
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THROTTLE OFFSET
ACTIVATION SWITCH
SELECTION

Select the desired switch
location with the (+)/(-) keys.
You may choose any of
switches A-H.

J

i
i B

-

k il bt pmm— e
When you change switches,
——> | the chosen on/off directions are
Chosen reset to NULL. if this is the
TH-CUT  Switch direction display | case, be sure to reset the
switch (NULL, UP, DOWN) direction.

These keys are used to move
To TIMER
B around in the TH-CUT menu

TE L, CE AR

functiol

— THROTTLE CUT MOVEMENT
B - T o .|| SETTING
I TH—I_UT 3 l Adjust the amount of throttle motion
OFF _ % || with the (+)/(-) keys. 3
| l « If you're unhappy with what you've ‘ :
L et e sk *J| set, you may return to the default  FX@iiTiTET =I5
value by pressing the (+) and (-) :
= Lkeys simultaneogsly. ( To SUBTRM function  pata input keys

SWITCH DIRECTION

Select the on and off switch
directions with the (+)/(-) keys.

UP": Switch's upper position turns on
throttle-cut

"DOWN": Switch's lower position
turns off the function.

"NULL": TH-CUT is deactivated
without regard to a switch direction.






