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University of Glasgow
Abstract

DESIGN APPROACH WITH WIND
TUNNEL TEST DATA ON AN RPV
LABORATORY FOR IN-FIIGHT
AHROFOIL TESTING

by Mauro Darida

Chatrperson of the Supervisory Committee:
Department of Aerospace Enginecring

Presently wind tunnels are deployed to collect the majority of the expenimental data on
aerofoils and on boundary layer investigations, but they have their own disadvantages.
Flight testing, especially at higher Reynolds numbers, gives a practical sohution to these
disadvantages, but has a critical influence on the direct cost of experiments. A design
study was carried out to modify an RPV, named “Condor”, to demonstrate the potential
usc of an RPV system for in-flight laminar aerofoil research at a fraction of the cost on a
manned aucraft. A wing glove, namely an outsized and removable aerofoil section
attached to the wing of the RPV, was designed and built. A wind tunncl/numetical
investigation was conducted to evaluate the resulting RPV wing/glove combination.
Numerical modelling proved it to be capable of providing flowfield details that pointed
out the need for endplates in order to acquire infintte wing aerofoil data over the glove
surfacc. Wind tunncl testing mcluded pressure measurements and surface flow
visualization and was most beneficial in the endplates design and in validating the
pressure sensing system for future flight testing, The investigation included an effort to
measurc the pressure distribution produced by simulated ice formations on the glove

leading edge. General observations deducted from these results are presented.
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CAA
CMRR
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CFD
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FSP
FIFO
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MAC
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Personal Computer Memory Card [nternational Association
Resistance Temperature Detector
Remotely Piloted Vchicle

Solid State Resistor

Unmanned Aerial Vehicle

Volt Alternate Current

Volt Direct Current

Very Light Aeroplane




1. INTRODUCTION

1.1  HISTORICAL BACKGRQUND

This section will examine past in-flight experiments which used a “wing glove”
arrangement in subsonic laminar flow research. Notably such an arrangement is an
cxcellent test bed for designing new aerofoils with improved laminar flow
characteristics and hence significant drag reduction. In fact such an approach
requircs the minimum of modification to the test aireraft whilst permitting a number
of different acrofoil sections to be tested.

Although such a research has also been conducted in wind tunnels, with valuable
results, flight testing has often permitted higher Reynolds numbers to be attained. In
addition, research has shown surface disturbances to be the principal cause of
limited natural laminar flow (NLF), and the severity of the surface disiurbances to be
exarcebated by increased unit Reynolds number, which is lower during in-flight
testing (Ref.1).

The earliest known attempts to attain extensive regions of laminar flow in flight
were made in the late 1930°s and early 1940°s. The B-18 flight test by the NACA in

1939 (Fig.1.1) is a good example of such early attempts in the development of
NLF.

___ Centerline ot tuselage

Fig. 1.1 The B-18 Glove Flight Test (Ref.1).
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INTRODUCTION

A wooden 17-foot chord, 10-foot span glove on the wing of the test aircraft was
used, incorporating a NACA 35-215 aerofoil, and surface quality effects were
evaluated. This flight test clearly displayed the importance of surface discontinuites
and finish. As a result of these experiments, during the second World War several
military aircraft were designed with promising NACA 6-seties laminar aerofoils -
perhaps the most famous being the P-51 Mustang, 1t is questionable that much
laminar flow was achieved on the wings of these aircrafi, as they flew in a harsh
environment which heavily affected surface quality, not to mention the far from

mature level of surface finish technology available at the time.

Fig.1.2 The T-34C Glove Flight Test (Ref.4).

Another significant {light test, which the anthor found in literature, took place during
the 1960’s in Lithuania. In this case the ESAG Institute used an L-13 Blanik glider
(Ref.2) and several experiments, including a wake survey, were performed. A “twin”
glove arrangement, where one glove acted as a “dummy”, was adopted, presumably
because of expected or experienced directional control problems. Unfortunately, it
was impossible to trace the reference source (Ref.3).

T.U. Delft University used a similar approach during the same period
approximatcly, according to Ref2, which in turn points back to the same
untraceable source (Ref.3).

Anyway, for almost ten years, research in NLF was dormant until the 1970’s, when
the energy crisis resumed flight testing and interest in the technology (Ref.5,6).

Indeed, dramatically increased manufacturing capabilities - notably modern
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INTRODUCTION

composite materials - have made suitable surface quality attainable, while advances in
miniatuce electronics have reduced cost and size of data acquisition equipment only
dreamed of in the past, thus allowing a new breed of experdments and Lest beds to be
conceived.

A good example in this ditection is the NASA T-34C simple-turboprop acroplane
(Fig.1.2) with 92-inch chord, 3-feet span glove incorporating an NLE(1}-0215F acrofoil
section. The glove skin was sheet aluminum covered with fibreglass and aluminum
endplates were attached to both edges of the glove, Tnfrated flow visualization technique
was used to spot the boundary layer transition, thus evaluating the laminar flow acrofoil
performance.

T'oday, the prospects for a practical technology are brighter thaa ever, and the project

which is the basis of this thesis could be au example of what may appear in fRature.

1.2 AIM OF TIIE PROJECT

The project work was initisted i October 1995 under a University of Glasgow ~ Maculty
of Engineening - scholarship. ‘The inital scope of the project was to adapt an RPV
Remotely Piloted Vehicle) into an attborne platform for laminar acrofoil rescarch under
subsonic repime, allowing investigations in real flight covironments and conditions.
Since evidence was required to show that the Department would be capable of operating
the vehicle, it was decided to fly the modified RPV, named “Condor”, with 2 wooden
wing glove incotporating a standard NACA 0012 acrofoil. Success would prove that the
RPV/glove combination is capable of catening for laminar aerofoil research. The so
called “wing glove” is an outsized and removable aerofoil section attached to the RPV
wing, which would be the key feature that should permit many different types of aerofoil
sectons to be tested in flight. The existing RPV airframe had to be modified in the

following areas :

provision of undercarriage;
provision of wing extension;
provision of dual rudder;

® » 9 9

provision of flight control system;
provision of rescarch instrumentation;
¢ provision of a wing glovc.



INTRODUCTION

At the date of the resignation of the author, several modifications had not been
implemented yet : as a result, the date of the maiden flight is still uncertain, although

initial wind tunnel testing of the RV wing/glove combination has been completed.



2. CONDOR TECHNICAL DESCRIPTION

Lack of technical reference in the English language is a serious problem with the
Condor, whose airframe modification was made together with the Glaspow University.
‘T'he putpose of this section is to provide with a minimum of information in the Bnglish
language to safely modify and operate the atrcraft. The author takes here the opportunity
to thank his flatmate Pavel Misttik who helped him in translating some of the Czech
technical references (Ref7,8,9,10,11) on which this scction is based. Appendix C is a
gathering of English-translated information from vartous sources, including faxes and

oral discussions.

21 CONSTRUCTION

The wing strength/weight ratdo was optimised given the constraints that the all up
weight was not to exceed 145 kg and that the level flight speed was not to exceed 180
km/h. Tailbooms are of contcal shape and made of catbon fibre. The other composite
parts have a core of polystyrenc Ciba-Geigy Herex C 70.75 laminated with epoxy resin
Ciba L'Y5138 (hardener HY5138, mixing ratio 100:23) and plassfibre Cs-Interglas. Epoxy

resin was hot cured at 60°.

Dynamic and flutter tests were not performed on any part of the structure, which was

designed with a safety factor of 1.2

22 USELAGE

Condor fuselage is shown in Fig.2.1. The landing skid should be removed to install an
undercarnage for conventional take-oft and landing (see 3.4). Note the four bolts (items
10.5,6) secunng the wing to the fuselage. L'he fuselage is a semi-monocoque structure
designed so that the top half may be removed along its whole length to provide full

access to the interior, which 1s separated into three compartments. Front
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CONDOR TECHNICAL. DESCRIPTION

compartment is devoted to video equipment or air data sensors allocation. The
second compartment is a payload bay for avionics or other equipment, while the

third one contains fuel tank and engine mount.

Z
o

W |~V || |Wwitna | —

ITEM Q.

<

Fuselage

Upper Cover Fairing

Engine Fairing

Front Cover I'airing

Front Wing/Fuselage Bolt M8X120
Rear Wing/Fuselage Bolt M8X90
Washer 8,4

Landing Skid

Engine Mount

el Lt YA e e e e

Fig.2.1 Condor Fuselage.

23  FUEL TANK

The fuel tank is located at the rear fusclage and it is shown in Fig.2.2. Tube no.4 is
vented; at the bottom of the tank there is a littlc chamber with two other tubes. Tube
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CONDOR TECHNICAL DESCRIPTION

no.2 feeds the engine, while tube no.3 is fitted with a cap that may be pulled out to
empty the tank.

8
w

g-ooo\lc\-bum--

ITEM Q.

Fuel Tank

PV Suction Tube ®5/1.5
PVC Purge Tube ® 5/1.5
Air Vent ©4/1

Purge Tube Ending Body
Purge Cap

Rubber Padding

Safety Wirc

Fuel Cap

i—-‘.[:-r-—'»—-d)-l)—-)-—-\_ll—a,._}

Fig.2.2 Fuel Tank, ]

Refuelling is accomplished by using an external fuel pump, which is housed in a

metallic box In military green colour; it needs a 24 VDC power source (o be ;
operated (polarity of the power cables is not critical). The refuelling process needs 1
an intermediate tank from which the fuel is transferred to the RPV tank by the pump,
which has an input and an output tube for this purpose. The RPV tank is filled up by %

23 !




CONDOR TECHNICAL DESCRIPTION

removing the fuel cap (item no.10) and then connecting the fuel pump output tube

nozzle.

24  PARACHUTE CONTAINER

The standard parachute box is shown in Fig.2.3. It is designed to accomodate the
Sojka (Ref.12,13) parachute recovery system and might not be able to accomodate
an alternative system (see 3.5.1). Note the pins (item no.2} used as front point load

for the chute bridles, and the tube for locating the rocket.

NO. ITEM QTY
1 |Parachute Container 1
2 | Front Parachute Pin 2

Fig.2.3 Parachute Container.
2.5  ENGINE MOUNT

The engine mount shown in Fig.2.4 is designed for supporting engine model
M115V, fitted with a two-blade propeller M125R and a 28V alternator (see
Appendix C for specifications). The author was told in Brno (Czech Republic) that
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CONDOR TECHNICAL DESCRIPTION

this model 1s no longer in production. Notc the pins (tem 00.13) used as rear point load

for the chute bndles.

NO. ITEM Q.TY

1 | Engine Mount 1

2 | Engine Mount Body 1

3 | Bracket 4

4 | Spacet 4

5 [Rubber Dumper 8

6 | Bolt M8X60 4

7 | Washer 8,4 4

8 [Nut M8 4
9 | Bolt M6X25 12
10 | Washer 6,6 12
11 [Washer 6 12
12 | Nut M6 12
13 | Rear Parachute Pin 2

Fig.2.4 Engine Mount.

2.6 ENGINK STARTER

‘The engine was delivered with 2 starter (Fig.2.5) to be operated manually, although it is
far from being light (it weighs circa 9 kg). The starter electric motor clinched to the

propeller will make it rotate when an operator presses the activaron switch;
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CONDOR TECHNICAL DESCRIPTION

the starter is quickly withdrawn by the operator when the engine begins running.

Starter operation needs an external 24 VDC source. Appendix C contains starter

dimensions.

starting switch

contactor

NO. ITEM Q.TY
1 | Aileron 4
2 | Bolted Pin 4
3 {Ball Bearing 5 8
4 | Washer 5,3 8
5 | Safety Wire 4
6 | Aileron Servo Cover plate (unused) 4
7 | Bolt M4X12 12
8 | Aileron Balance 2

Fig.2.6 Aileron Assembly.
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CONDOR TECHNICAL DESCRIPTION

27 AJLERON ASSEMBLY

Adleron assembly 1s shown in Fig.2.6. Only inuer aferons were balanced, but they have
had their aerodynamic balance (tem 10.8) removed because it is incompatible with the

wing extension installation.

2.8 WING EXTENSION

The standard (Sofka) wing spar has three holes corresponding to three different dihedral
angle settings (5-8-11 degrees). The recommended value to be first used during flight

testtng 15 8 degrees, at the middle position.

Engmeenng drawings for the wing extension are not available because they were not
produced at the time of fabrication. In Fig2.7 1s sketched the wing external structute as
Ing.D.Lexa recollects it. The wing cxtension was structurally tested with a 100 Ib weight
{sce Appendix C for details).

\— Longercn

Fig. 2.7 Schematic of Wing Extension Structure Arrangement.
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CONDOR TECHNICAL DESCRIPTION
2.9  HORIZONTAL TAIL ASSEMBLY

The horizontal tail assembly is shown in Fig.2,8. Note the servo cover plate which is

not used because of the different flight control system. The elevator is nicely
balanced.

NO. ITEM Q.TY
1 |Horizontal Tail Assembly 1
2 | Stabilizator 1
3 | Shank 1
4 |Bolted Pin 1
5 |Cable Support 1
6 |Elevator Servo Cover Plate (unused) [ 2
7 |Bolt 4
8 |[Spacer 4
9 | Bolt M4X12 8
10 |Elevator 1
11 |Ball Bearing 5 i
12 | Ball Bearing 6 1
13 |Safety Wire 2

Fig.2.8 Horizontal Tail Assembly.
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CONDOR TECHNICAL DESCRIPTION

210 TAILBOOM

Tailboom assembly is shown in Fig.2.9. The fin will be cut in the vicinity of the fin spar
m order to fit a rudder. Note that inspection door (lem n0.3) that should permit the

rudder servo to be eastly mstalled.

NO. ITEM Q.TY
1 | Tailboom 2
2 | Connector Suppott 2
3 | Inspection Door 2
4 | Bolt M4X12 4
5 | Retainer - Silon @ 1.4-200 2
6 | Spur Assembly 2
7 | Metal Wire 4
8 [1hreaded Rod 4
9 | Washer th.1 - {20 8
10 | Washer 4,3 8
11 [Nut M4 12

Fig.2.9 Tailboom.

211 CG RANGE

The recommended CG position is at 30% MAC at any take-off weight, which is the

position of the rear bolts connecting the wing to the fuselage.
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CONDOR TECHNICAL DESCRIPTION

It is premature doing some CG calculations, as the Condor configuration is far from
being frozen. A weight breakdown is presented (Tab.2.1) containing all items that
will be certainly part of the Condor system in the author’s opinion. Tab.2.1 is
intended for future reference. CG coordinates were determined experimentally by A.

Bram using the reference axes in Fig.2.10 and are given in millimeters.

ITEM WEIGHT | C.G. COORDINATES'
Kg X Y Z

Fuselage' 25.3 -1000 |0 235
Propeller M125R 0.95
Dry Engine M115V 19.4
Alternator Type 443 113 516 830 4.5
Exhaust Tube (Left) 1.3 -1400 | 260 145
Exhaust Tube (Right) 1.3 -1440 [260 145
Standard (Sojka) Wing 12.7 -1430 |0 470
Tailboom (Left) 2.7 -2415 1670 380
Tailboom {Right) 2.7 2415 |-670 380
Wing Extension (Left) 3.75 -1390 [2400 |505
Wing Extension (Right) 3.75 -1390 |-2400 |505
Horizontal Tail 3.85 -3230 |-70 885
Notebook Satellite 110CS 3.2
Pressure Sensing System® 2.49
Controller CTLR2P/S2-86 0.993
Wing Glove 7.6
Endplates 5 cm 0.681
Autopilot P-HAL2100 0.045
Receiver R-138DP 0.040
Throttle Servo ps3001 0.045
Elevator Servo ps3801 2X0.103
Aileron/Flap Servo ps3032 4X0.103
Main Wheel 6000 783 % 2X1.13
Nose Wheel 0249N 3959 0.275

Tab.2.1 Weight Breakdown.

* Fuselage coordinates refers to a weight which does include the exhaust tubes.

1 Fuselage weight includes tank, parachute box, and engine mount but does not include the landing
skid.

¥ Indicated weight does include two 37DC amplifiers, cabling, housing tray, two scanners 4839GM
complete of transducers, one solenoid drive SGMS5-48, two 48SM male connectors (see 3.7.3),

§ Indicated weight does not include the fork.
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CONDOR FECHNICAL DRSCRIPTION

Fig.2.10 CG Reference Axes.

2,12 DRAG POJARS

‘The Condor is an upgrade of the Sojka model by provision of an extended wing. To date
the Condor has never flown and expenimental drag polars exist for the Sojka model only.
'I". Bauer (Ref.14) has calculated a set of drag polars for the Condor by using the previcus
expenimental polars as a starting point. Here follows a list of all the assumptions behind

Bauver's calculations which the author was able to trace back :

* wing glove effect is ignored

drag polars are assumed to be trimmed

flight speeds are within the subsonic regime

angles of attack are relatively small (airflow predominantly non-separated)
power-off conditions only are considered

aero-elastic effects are neglected

ground effect 1s ignored

$ & 9 9 0 o

the minimum drag occuss at C; =0

polass ate approximated by a parabola
e vortex-induced drag increment duc to flaps is neglected




CONDOR TECHNICAL DESCRIPTION

As it was the author’s intention o include results of Bauer’s calculations in this thesis,
they were double-checked and found mostly correct. There is a minor slip in the
calculation of ‘R”, leading suction parameter for the wing. By analizing Bauer’s
spreadsheet (included in Ref.14) it was clear that fig4.7a of Ref15 was uscd, while
fig.4.7b would have to be used, because 1t 1s

R, COtA . 1-M?cos* A,y > 1.3-10°

which in tum gives a quitc different value for “R”. One last remark is about Bauer’s

calculation of the parasitic drag coefficient of the wing (Ref.14 p.48) :
{Cp, )wy =0.0067
which i3 formally correct, but the author found that Ref.16 gives a formula which yelds a

higher, and hence more conservative, value :

4
! { Swz,
C =R R C VL —100 — | [—2
( Do)»f wf LS ﬂ‘: ¢ (C):l S

where, accarding to Ref 16 :

R,¢ =1.06 from fig.4.2

C . =0.007 extrapolated from fig.4.3

L’ = 1.2 from fig.4.4

t/¢ = 0.15 from the wing profile (NACA 2415)
Syzr, / S =1 from fig:4.6

thus having eventually :
(Cpg )y =0.0097

that 1s the new value implemented in Bauer’s spreadshect. Regarding drag polars with
flaps deployed, it must be noted that inboard wing ailerons will be covered by the wing
glove, thus leaving the outer ailerons to act as both ailerons and flaps, the so called
flaperons. It 1s suggested to use flap angles of 15 degrees for take-off and 30 degrees for

landing approach, being in the latter case some reserve deflection to mantain roll control

212




CONDOR TECHNICAL DESCRIPTION

sequired. Drag polars so calculated (Fip.2.11) are also in Appendix C. The polar at 60

degrees of flap deflection was added forx completeness.

o Mag e
2 121
g 1 — .
g 1,0 1 —a-- 10 flaps |
§ 0.8 1 —n—- flaps 15°|
& o6l —e—flaps 30°
— n g 7
0.4 ] '? | flaps B0
'. iy
0.2 ] :i
0,0 b - ~ "HO—H—O—H—Q—Iﬂ«[—f—O—f.—'—Q—Q—!—'—PH‘%*H—Q—'—lﬂ—I—I—Q—‘—Q—'—h
o PP3 0047005906 007 D8 009 010 011 012 0,13 014 0,15 0,16
1% ] . N
04 1 \c\___% N drag coefliclent,C D
0.6 \\- k3
-0,8 L

Fig.2.11 Condor Drag Polars.
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3. CONDOR MODIFICATIONS DESIGN

3.1 FLIGHT CONTROL SYSTEM DESIGN STUDY

The starting point of the work was the existence of the Sojka airframe. As a first step
towards the feasibility of the airframe as a flying laboratory, flight controls were

designed.
Flight control system will consist of (Ref.20,21) :

ailerons

flaps

elevator

throttle

dual rudder

parachute recovery system
* aulopilot

¢ ¢ & 2

Quthoard

/ Aiteron Elevator
Inboard /

nboakd
Flap

Tual
Rudder

B Servo [Locauen

QOutboard

i ,,/ Aileton
Fig. 3.1 Condor Control Surface and Sctvo Locations,
3.2 SERVOMOTORS

Location of the servomotors activating throttle and control surfaces is shown in

Fig.3.1. Both wing and stabilizer have wells capable of receiving servos : this is a
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CONDOR MODIFICATIONS 12ESIGN

heritage from the military version for the Czech Army. Howcever, wing cxtensions are
not part of the standard model, and have only pre-shaped wells : an attachment plate had
to be fitted on either one to permit the servos to be fixed. Inspection doors on either fin
might be uscd to install the dual rudder servos. In-house made brackets secure in place
the wing and honzontal tail servos. Control surfaces are moved via a pushrod-horn

assembly (Fig.3.2); servo-horns are secured to the servo by two small screws.

N

pushrod

servo-harn
.v'""'/
o o servo
O e}

Fig, 3.2 Pushrod Mcchanism.

Suitable servomotors are avadable in different maximum torque values. Control surfaces
arc moved by the torque generated by the servos, which in tumn balance the control
surfacc hingemoments. This is the reason why hmgemoment calculations are
fundamental in sclecting the right servo for a given coatrol surface. In fact, if a servo 1s
underpowered, the surface will not move to full deflection; if it 1s too powerful, the
installation will be heavy and there will be the risk of damaging the surface linkage
mechanism. Serve specifications and brackets are listed in Appendix E. Hingemoments

arc calculated in Appendix F. The table below summarizes results of these calculations :

Control Device Servo Model
Qutboard Aileron (Ilaperon) ps3032
Inboard Aileron (Flap) ps3032
Elevator ps3801
Rudder ps3032
Throttle ps3001
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3.3 RUDDIR DESIGN

'The current design 15 based on a wooden mock-up devcloped by A. Bram. Its
dimensions has been retained in designing the rudder mternal structure and hinges, The
fin has 2 fibreglass spar at 56% of its chord, thus being the limiting factor for the rudder
chord. Percentages in [ig.3.6 size the rudder scction. Average clearance between fin spar
and rudder should result in about 5 mm. To install the rudder a cut parallel to the fin spar
has to be made, according to Fig.3.6, to remove part of the extsting fin and make space
for the rudder. The proposed sudder design (Fig.3.8) is described in detail in the
following sections, and in two enginccring drawings available at the Department. "l'o date
the rudder development has reached the stage of two moulds (Fig.3.9) which should be

used for the final fibreglass rudder fabrication.

.CUT LINE (adjust ns needed)
R=7%

S

36% 2.5% 34.5%

100%

Fig.3.6 Schematic of Rudder Arrangement.

"I'he rudder spar 1s convenicntly located at 25% of its chord and is made from a 96

kg/ " balsa block. 1t incorporates a rectangular section and is doubly tapered (Fig.3.7).

Fig. 3.7 Rudder Spar.
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The b location was dictated by the rudder servo-actuator position, which must be
located at the existing inspection doors on the rudder (sec 2.10). Since the servo-hom is
fixed to the nib (a two piece itfem) and it has to be aligned with the servo~actuator, the b
location ensures that this requirement is met. Rib is made of balsa, the same type and

thickness as uscd for the spar.

N

17 L5 DY ALY A,

Fig. 3.8 Rudder Internal Structure.

Servo-horn shape is aft-bent in order to ensure a maximum rudder rotation of 25
degrees (Fig.3.10). This value seems quite reasonable if compared with values of other

existing designs (ab.3.1).

AIRCRAFT ELEVATOR ~ AILERON RUDDFR
CESSNA 172 -28° +23° -20° +15° +16°
CESSNA 210 -23° +17° -25° +15° +24°
SKY ARROW -24° +15° -20° +15° +23°

Tab.3.1 « Control Surface Deflection Data (Ref.17, Ref.19).
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Fig. 3.9 Rudder Moulds.

Fig. 3.10 Rudder Movement (CATIA Electronic Mock-up).
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CONDOR MODTFTCATIONS DESIGN

331 TIINGES

The rudder shape, added to structural considerations, dictated the hinge design (Fig.3.11),
made of fibreglass as the rudder skin. Hach hinge has a rose beating to factlitate both

rudder remowval and installation.

e

NN

¢ rrr/r/if':: ;';;h‘i"’/

<

F
Fig.3.11 Rudder Hinge Design.

332 SHRVO-ACTUATOR INSTALLATION

Servo must be placed mside existing inspection doors, Rudder movement is ensured by a
pushrod-type mechanism (Fig.3.12) : the pushrod is connected to the rudder horn,

which is glued and then fixed on 1ts supporting rib.

=
AN |°
of IN=¥ b

/ rudder

Fig. 3.12 Schematic of Rudder Servo Installation.

Rudder hingemoment calculations (see Appendix F) have shown that scrvo Futaba

ps3032 is the one with appropriate power torque to be mounted.
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333 " SPAR STRUCTURAL ANALYSIS

Calculations follow guidelines in Ref.22. VILA 391(b) allows to usc its Appendix B3 when

mentioned. Condor main data are :
W =145 kg §=4124 m’ Ve =21.6 m/s

'The stalling speed is calculated in Appendix F at the back of this thesis. From VLA

337(=) the limit manoeuvering factor is

n =38
hence, according to VI.A 335(a)(c)
Ve =24JW[S =44.56m/s V,= VS-\/;= 42.1 m/s

3.3.5.1 LOADING

Ref22 will be used to estimate manoeuvering and gust loads which may act on the

rudder.
VLA 441(2)(1) - Manoeuvering loads

Appendix B of Ref.22 can be used to estimate limit average manoeuvening loads on the
vertical tail surfaces. These Ioads will be mukiplied by a safety factor of 1.5 according to
VLA 303, VLA 423(2)(2) requires that maximum deflection 1s limited by the max servo
torque (ps3032, 0.78 Nm). 'The computed hinge moments will be multiplied by 1.25
according to VLA 395()(b).

In this case f=0°, that s the awcraft is at zero yaw. The program (see 3.2.2 in
Appendix F) used for calculating rudder hinge moment, was modified (o calculate the
rudder deflection at ¥, under the max torque of servo ps3032. The hinge moment
cocfficient was retained unchanged, as the Mach number cortection would reduce it

{moreover, Mach number cortection is negligible at these low subsonic speeds).
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According to App.B11(b)(1) we need rudder deflecion &,at ¥, with ps3032 torque.

Computed hingemornents are listed in the table below

HINGEMOMENT (Nm)

RUDDER DEFLECTION (deg)

1 0.1000615
2 0.2001230
3 0.3001845
4 0.4002460
5 0.5003076
0 0.6003690
7 0.7004305
8 0.8004920
9 0.9005536
10 1.000615
11 1.100677
12 1.200738
13 1.300800
14 1.400861
15 1.560923
16 1.599797
17 1.697261
18 1.793093
19 1.889890
20 1.988616

We can sec that servo max torque is reached at 8 degrees. Hence
o, =(8)1.25=10°

As a result we use curve C of fig.B1 (Re€22, App.B B11(b)(1), B11(@)(1)(1)} to estimate
- :
W/S =352 kg/ m® = K =59kg/ m*
3. o .
DW= 59—;—2— = 51 kg/ m® (limit average max loading)

Wy, =1.5(51)=76.4 kg/ m* (ultimate average manoeuvering loading)

Appendix B B11@(1)(v) requires 1o use distribution of fig.B7, reproduced in Fig.3.13 in
order to calculate the mit average manocuvering load on rudder W,
c, +r ¢, +r

r —_ 27 , U —
9 w= u,mdcr = wrud =W e

r

area (1)
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c+r _ 2¢ _
w=wew= w
CHFr S

total area

©,

O

—

h
| J—

Pig.A.13 Fin Loading.

and making the substitution of w

¢, =157 mm ¢ =380 mm r =27 mm MAC = 160 mm
(e, +r cle,. +r
» et o W s ~_—_L_"____)WU =836 kg/m?
¢ (c+r) ¢ (c+r)

g =MAC - w4, =0.16(83.6)=13.4 kg/m =131 N/m = 0.131 N/mm

VLA 441(2)(2) - Manocuvering loads

In this case the yaw angle value is

A=(13)(15)=19.5°

Appendix B B11(b)(2) requires to use curve C again to cstimate W, thus as before
W, =1.5(51)=76.4 kg/m” (ultimate average manoeuvering loading)

but we must use distribution of fiz.B6, which says at note (b) that P = 20 % of net fin
load

P=020w, =(0.20)(76.4)=15.28 kg/ m?: = g=MAC -P=24kg/m=24N/m=
0.024 N/mm
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VI.A 441 (@)(3) - Manocuvenng loads

This case implies f=15° and §_ = 0°. Distribution in fig B8 (Appendix B) acting on
the rudder is less than in case VLA 441(@)(1) and therefore this case is disregarded.

VLA 443 - Gust loads

VLA 443(c) allows to use fig.B5 (Appendix B). It 1s

Ve =44.56 m/s = 86.6 knots S, =(2)(0.172)=0.34 m*
W(S, =145/0.34=426kg/ m* =>w =99 ko/ m*

The curve is for an aspect ratio AR=3, thus a correction factor is applied by taking nto

account the Condot fin aspect ratio (AR=1.2, see Appendix C of this thests)

5(1.2)

V=30

=61.9 kg/m* =W, =(1.5(61.9)=92.9 kg/ m>
Distribution in fig. B8 is used for compuling the total arca

c 1 3 — —
total arca (4w+w)z~5+wcz- =Wew=Ww

1
2

while for computing the area regarding the rudder we must make a (conservative)

‘ wimati 13,1

approximation (g 3.14) Rudder Hinge line —
_ e, _ w

area (1) WoCr = w?::) W =7 \

and making the substitution of w : T e

[
'
1
4
’

: o4

w Wy; ‘ .
W = - - . —
W, —-:)'": wmrfU ——%—-4645 Lg/mz : N
- - ! 3/4C :
J i

= q=MAC W4, =743kg/m = 0.073 N/mm

g, 3.14
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3.3.3.2 ANALYSIS

The most stressful case is VLA 441(2)(1) using distributon in figB7 of Appendix B,

which gives the following uniform distributed Joad :
q=0.131 N/mm

This is the average fin loading per unit length, becavse it was caleutated using the fin
MAC (see 3.3.3.1). Therefore we make certainly a conservative assumption by
considering this load acting on the rudder ogly; in other words, on the rudder spar it will
act a Joad which 1s higher than the effective one, as the fin loading is transferred to both
the stabitizer spar and the rudder spar in reality.

Spar dimensions are shown i Fig3.15. The spar is madc of light balsa whose

mechanical properties are listed in Tab.3.2.

44

Fig.3.15 Rudder Spar Dimensions.

__MATERIAL : BALSA 96 kg/m’

G = 106 N/ mm? E = 2100 N/ mm?
Feu = 3.2 N/ mm? Fru = 8.1 N/ mm?

Psu=1.2 N/ mm?

Tab.3.2 Balsa Mechanical Propetties (Ref.59).

Balsa grain direction must be at 45 degrees in reference to the rudder spanwise direction :
this ensuges that both hotizontal and vertical bending shear stresses are absotbed. The
spar will be bonded to the composite rudder skin, hence loads will be transferred in and

out through the slan.
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The reactangular-section spar 18 doubly tapered, hence thickness t will vary lineatly,

whulst cross section area A and moment of inertia 1 will vary non-linearly :

b= by + mz AE=b(Zh()
3 .-
h@=m +m'z I(z)= b(z)lhz (z)

In order to sumplify calculations, if we make the non-conservative assumption that cross

section area A and moment of inertia 1 vary linearly, we have :

3 3
7 =bL:>1(()) - 10(44)” 7.1-10* mm"
12 12
3
L) = @ =1.67-10° mm*

(=)= 1(0) 4‘5”);ﬂ:=7.1-10* +(2114)=

t{0) = 44 mm tl) = 585 mm = {z)=40)+ ill)—;:—((o—)z =44 4 (0.032)z

2

A(D) = 440 mm* A{L) = 585 mm"

A(z) = A(0) + M: = 440 +(0.32)z

The spar can be regarded as a simply supported beam (Fig.3.16). In this case (Ref.23) 18 :

qﬁ—»Z

Fig.3.16 Simply Supported Beam.

T(z)=— g (1. — 22)---) Shear M(z)=—

(SRR

(z* — Lz) --) Bending

hence bending and shear stress are, respectively
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_ M) 1) o TE

o(z)= , -
I(z)y 2 A(z)

Results of these calculations are shown in the following diagrams, where stresses are

largely below the maximum allowable ones. If we simply calculate the maximum bending

stress 10 the worst case scenarnio, that is maxsmum M(2)=M(2=1/2), minimum I(#)=1{0),

and maximum t(z)=58.5 mm, we get :

o =399 20 - 1 AN/ mm?

7.1-10%

which is still less than half the maximum allowable compression stress. This scenario will
never take place, because when M(z) is maximum, 1z} cannot be minimum and t(2)
cannol be maxmum, hence maximum bending siress will be somewhar lower than
above calculated. This and the conservative assumption made at the outset enables us to

state that the rudder spar dimensions are adequate to cater for the expected loads.
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SPAR ULTIMATE SHEAR STRESS (BENDING CASE)

1 T i + T T ] T 1
1.2 - -
1+ i
0.8 b -
worst caicuiated case (VLA 441 a.1) —
max alivwad shear glrass ~----
‘é 0.6 .
Z
04 | -
0.2 + =
I —
[( ) N ——
|
.02 1 L 1 1 L L 1 1 2
0 80 100 150 200 250 300 350 400 450 500

Rudder Spar Shear Stress Along the Beam Z-axis,

RUDDER SPAR ULTIMATE BENDING STRESS

35 ¥ L] T L] T 1 ¥ T Ll
3+ 4
25 [- -
2F worst calculated case (VEA 441a.1) — A
:é{ max allowed compressian stress —---
£
=
15 F ~
il 4
//"—_’—M\\\
05 | / \\ -
0 / 1 ) 1 1 ! 1 1 1 o~
0 50 100 180 200 250 300 350 400 450 500
mm

Rudder Spar Bending Stress Along the Beam Z-axis.
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3.4 LANDING GEAR ARRANGEMENT

The landing gear design analyzed in the following pages meets the layout
requirements of Ref.24. In particular, the CG pitch angle was set at 11.5° (Fig.3.17).

PROPELLER

Fig.3.17 CG Pitch Angle Setting.

The purpose of this clearance angle is to prevent the CG to pitch aft of the main gear
when an aircraft lands at its maximum lift coefficient with flaps up. This angle of
attack is about 11° for the Sojka wing (Ref.7); the actual value is likely to be lower
as the Condor has an extended wing. Moreover, being appropriatc the ground
clearance for the propeller (Fig.3.17), this angle value is certainly adequate as it is

set at 11.5°. Front gear leg design was not performed.

Fig.3.18 Main Landing Gear Assembly.
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The proposed main gear design (Tfig.3.18) consists of a torque tube supporting the
wheels and connceted to the aft fusclage bulkhead via the former skid attachments. Two
drag stay beams are symmettically welded to the torque tube and connccred to the
forward [(uselage bulkhcad via hinges. Invacawe assembly part no. 6000 783 (fork plus
wheel) has beea incorporated in the design, which is illustrated in detall by one
engineenng drawing avadable at the Department. In the following the main gear is
analyzed structurally. Since this design 15 a compromise involving several interacting
factors, calculations are shown in detail for a starting configuration which was used to set
up an Fxcel worksheet; the starting configuration was then manipulated and modified
several times to optimize the design. Final desipn values are shown by presenting the

Excel worksheet results.

3-15



CONDOR MODIFICATIONS DESIGN

344 TORQUE TUBE SIZING

The chosen material for designing the torque tube is alloy stecl AISI 4340 (Ref.29),
heat-treated to obtain the following ultimate tensile stress and ultimate shear stress,

respectively
Ftu = 1241 N/ mm’® Tsu = 751 N/ mm®

The torque tube is 1.09 m long to meet the positioning requirements of Ref.22 (see

also 3.4) and it has to be heat-treated at the welded joints with the two drag-stays (see

3.4); density of the chosen alloy steel is 7806 &g/ m3, hence for the following

calculatons we will be using
L=109m p=7806 Kg/m?® G = 75840 N/ mm*

The tube will be subject to bending and torsion. A hollow tube seems to be the best
solution, as a ring section deals effciently with torsion and its moment of inertia is the
same aboul any axis ting-section plane, thus simplifying bending calcutations. Bending
is more ctitical than torsion so we consider bending first. Since the torque tube has a
ring as ctoss section, we do not need to worty .upon bending about the x or z-axis; we
only need to consider the bending in maximum value, which is, from section 3.4.3 of

Appendix G, pertinent to the “nose wheel clear” case

My =737 Nm
Let us take as a first try
t=1mm
ro :15 min rl' =14 mim
itis then
3

1=Z(r} ~r)=9588.9mm" =M, BT s 1152 N/mm? < P

4 4 9588.9
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Since this size meets the bending requirement, we can now considet totsion, which is

maximur in value again in the “nose wheel clear” case (sce 3.4.3 of Appendix G)
T =M, =547 Nm

hence (Ref23)

.l:%(dé —d})=19178mm" :>r=§ro = 428 N/ mm” < Fisu

Therefore these dimensions could be used for the torque tube. Toral weight would be

Vol = n(r2 2 )L = 7{(0.015% -0.0147 X1.09) = 9.93-10~° m°
= mass= 0-Vol =0.775 kg

Rotation at the interface fuselage/leg is (Ref.23)

o I =0.15 rad = 8.6 deg
GJ

These formulac were implemented in an Excel worksheet and many iterations were
petformed to optimize the torgue tube dimensions. Eventually was considered a
different alloy steel (AISI 321, Ref.29) with lower mechanical properties obtainable
without heat-treatment , which was impossible to do in-house, Others paramctcrs that
vatied are tube thickness and diameter; in fact, for a given ultimate stress, two solutions

are possible :

1. larger diameter, smaller thickness
2. smaller diameter, larger thickness

Solution number 1 is preferable, because it is lighter, but space restrictions dictate a

limit to the wbe diameter. Final design wvalues are shown in Tab.3.6.
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MATERIAL : ALLOY SECTION Tube
STEKL. GEOMETRY Leught 950
(mm)=
SPECIFICATION @ BS EN58B (AISI 321) TYPE : RING
MECHANICAL ro (mm) = 13.75
PROPERTIES
kpsi N/ 2 o {mm) = 11.25
Fru= 751 517.407 ¢ (mm) = 2.5
Tou = 40| 275.7904] | Area (mD) = 0.000196
E= 29000 199948.0
G = 11000F 7584236
Ib/in3 kg/m3 MAX BENDING 587.4400
MOMENT (Nim) =
Density = 0.283|  7833.411 1 () f (N/mm?)
15493.20 521.3447
MAX TORSION (Nm) = 466.3473
} (mm+4) tau theta (deg) Volume (m3) = 0.000186
30986.41 2006.9383 4.547880 Mass (kg) = 1.461182

'Tab.3.6 Torque tube sizing,

344 DRAG-STAY SIZING

From a structural point of view the drag stay can be regarded as a beam with a fixed

suppott (the weldment to the torque tube) under bending produced by 2,, that is the

forward hinge reaction. The maximum reaction valuc comes from the “nose wheel

clear” (see 3.4.2 of Appendix G) that is

P, =905N

L=0604 mm

Vv

thus giving at the fixed support the following maximum bending moment

M = P, - L = 546620 Nmm
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Since the drag stay is subject 1o bending only, an I-section should be more efficient than

a ring-shaped one, Let us consider an arbitrary I-scction

4= 38 mm t= 1.5 mm
| I N
b =17 mm by =a-2{=35mm f
b, 4
t $ |—‘ v
b
- —>

e

2 2
A=2bt+bt =104 mm* = 1, xb!{d—é—) +bl(t+-l;iJ +bt* =54393 mm*

b 2
[ =1y =1y, —A(H-?l) =17029 mm* = a:—Al/—[-y=609.9 N/mm® < ¥

Vol = AL ='6.28-107 m® = mass = p-Vol =049 kg

In the Bxcel worksheet (I'ab.3.7) a ring-section has also been ttied to highlight the

superiorty of the lighter I-section solution which was adopted.

MATIERIAL : ALLOY SECTION1 SECTION2
STEEL GEOMETRY GEOMETRY
SPECIFICATION | BS ENSSB | (AISI 321} [ TYTE : RING TYPE: "
MECHANICAL 1o (moy) = 15 a(mm) = 315
FROPERTTHS
kpsi N/mm2 | xi (mm) = 135 b (mam) = 16.5
[ru = 75 517.107 |t {mm) = 1.5 t (mm) = 2
Fsu = 40 275.7904 |Area (m2) = [ 1L.000134 bl (mm) = 275
E= 29060 199948.0 Area{m2) = | 0.000521
G = 11000 75842.36
Ib/in3 kg/m3 .
Density = 0,283 7833411
1 (mm4) o Tww (mmd) I {mmd) |5 (N/mm32)
(N /mm2)
13673.73 511.5801 44473.68 14458.12 | 508.0168
MAX BENDING
MOMENT (Nm) = 466.3473
Beam Lenght Volume Volume
(mm) = 604 {m3) = 811191 {m3) = .000073
Mass (k) = | 0.635439 Mass (kg) =  10.572497

‘ab.3.7 Disag-stay Swzing.
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34.6 BOLT ANALYSIS

Following calculations will use final design ultimate loads (Tab.3.3). The most
stressful conditions are those of “nose wheel clear” case and VLA 485 side loads.
Existing bolts of Invacare assembly part. no.6000783 (see 5.8) are to be checked
structurally. They are the wheel axle bolt and the bolt connecting the torque tube
with the Invacare assembly fork (Fig.3.26). Bolts are made of alloy steel BS EN8M,

whose ultimate tensile and shear stress are respectively

Ftu = 695 N/ mm’ Fsu=486 N/ mm*

g

BOLT

O BOLT

Fig.3.26 Bolt Location of Present Analysis.

AXLE BOLT
VLA 479 (a)(2)(ii) - Nose wheel clear (Fig.3.22)

The main wheel withstands ¥, and D, loads, which in tum act on the axle bolt
(Fig.3.27). Since the bolt section is circular we shall consider bending from ¥, only,
being V,> D, . The bolt can be regarded as a simply supported beam. Bolt diameter
is 8 mm. Shear stress calculation uses a fitting factor of 1.2 (Ref.24)

V, &

r

Fig.3.27 Axle Bolt Loads.
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LV, aR*

M= =26700 Nmm I= =201 mm*

V
0‘=A—f-R =531 N/mm® <Ftur = 2’7‘_;{2 1.2 =255 N/mm? <Fsu

VLA 485 - Side loads (¥ig.3.25)

Under side loads the main wheel, and in turn its axle bolt, may withstand S or
S",, but only S', needs to be considered, being S'.> S'',. The bolt can be

regarded as a simply supported beam again and it can be seen that is subject to an

axial load only. As a conclusion the standard axle bolt can be retained.
BOLT AT THEE INTERFACE FORK/TORQUE TUBE

VLA 479 (2)(2)(ii) - Nose wheel clear (Fig.3.22)

" TORQUE TUBE
\  _  BM.
] |

Fig.3.28 Torque Tube Bolt Loads.

The main wheel withstands ¥, and D, loads, which in turn cause the bolt to be

subject to a bending stress (Fig.3.28). Since the distance “4& ™ is very small it can be
disregarded, hence maximum bending moment acting on the bolt station shown in

figure is assumed as the following

M=V, (48)+D (116.7) =185618 Nmm
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hence maximum bending stress can be calcnlated (M =11 mm, bolt diameter)

_ 7R’

I =719 mm* a=-]‘;-1a=1420 N/ mm?* >> Ftu

The standard bolt diameter must be enlarged.

#(7)’
4

=1886 mm*

® =14 mm I=

185618
g =
1886

7 =689 N/mm* <Ftu

VLA 485 - Side loads

116.11

St

r

Fig.3.29 Torque Tube Bolt Side Loads.

Under side loads the main wheel, and in turn the interface bolt, may withstand §", or
S''_, but only S', needs to be considered, being S',> S'', . On the bolt will act the

following moment (Fig.3.29)

M =116.78', =124402 Nmm

This bending moment is lower than the one considered in the previous case. Since
shear stress is negligible, we can conclude that a 14 mm diameter bolt must replace

the standard one.
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3.4.7 SELECTION OF WHEEL AND TYRE

A tyre 15 designed to operate at a so-called maximum allowable static load, which must
aot be exceeded. Unfortunately minimum size tyres suitabie for the RPV and availabie
on the market had an unknown maximum allowable static load, but smilar modcls have
been used on ultralight machines for years successfully. ‘Lherefore choice of a tyre was
made on the basis of other remaining criteria as follows :

1. Cost

2. Weiglt

3 Mintmum size

Tt should be noted that a solid tyre was not considered from the outset, because cutrent
landing gear design has no shock absorber hence a tyre and tube is required to participate
significantly in the process of shock absorption following a touchdown. If the landing
gear should result in being too stiff, then rubber shock absorbers might be added under
the fuselage attachments; in this case the muain gear reaction load would not be
transferred directly into the rubber shock absorbers because the reaction load would not
be “in linc” with the shock absotbers.

Selected tyres (see Appendix C) are relatively cheap and light, compared to other designs,
and are m a small size suitable for use on the RPV. Ia addition, they were readily

available at a local shop. Once a tyre is selected, it usually comes with its proper wheel
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3.5 PARACHUTE RECOVERY SYSTEM STUDY

Original Sojka recovery system is shown in Fig.3.30. It consists of a parachute rocket-
launched module and an alrbag The Condor will not use an atrbag, since it will be fitted
with an undercarnage (see 3.4) but it stll needs a parachute module (see 5.6). The main
reason which precludes the use of the former Sojka parachute module is its deployment
philosophy; in fact, the Sojka chute must be packed into the parachute box by expert
personncl, and the rocket must be filled with propellant. This is allight for a military
fotce, but it is not affordable by an academic department, which has no such expert staff
and no permission to handle mflammable and hazardous materials such propellants.
Moreover, this deployment philosophy certainly fits well the former Sojka, which is not
equipped with a landing gear and must use the recovery systern every flight to land safely,

thus needing a quickly rensable parachute module.

Conversely, the Condor recovery system would be a safety measure required by the CAA
(see 5.6) to be deployed in the event an in-flight emergency should occur. It has then
been decwded to purchase a commercially available parachute softpack, which could be
stuffed into the existing parachute box. Alternatively, a pressure packed canopy, which
provides a longer service life, could replace the existing parachute box, but in this casc
the fuselage might need to be modified. A commercial off-the-shelf packed canopy
would solve the problems mentioned earlicr, 45 no expert personnel would be required

and the ballistic device would be ready to be fired.
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Fig.3.30 Sojka Parachute Recovery System.
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3.5.1 MATCHING FORMER SOJKA CHUTE

In order to achieve a good integration of the commercial parachute recovery system
with the existing arrframe and fittings, it is of paramount importance to select a chute
as mouch similar to the former one as possible in terms of installation, weight, size,
and performance. This also makes it reasonable to assume chute loading will not be
bigper.

The purchased chute must use the existing four airframe connections : two in the
fuselage, the other two at the enginc mount (see 2.5). The use of former connections
ensurcs o arframe overdoading and descent in a flight-level attitude, which 1s best. The
two pomts Joad in the fuselape are above and in front of the RPV’s center of gravity; this
means the nose will pitch up sharply on deployment, thus reducing opening loads to
both parachute and airframe.

Size of the canopy is basically detenmined by two factors :

» gross weight
®  maximum speed

Gross weight 15 usually the maximum take-off weight (145 kg for the Condor) and
determines the size of the canopy to get a certain descent rate. Maximum speed assures
the canopy seams are strong enough to accept the opening loads when flight speeds are
faster. A larger canopy provides slower descent rates and reduces the opening force
transmitted back to the airframe, but since it is heavier may adversely affect airceaft center
of gravity and may not fit into availablc fusclage space. The table below shows
charactenstics of both former Sofka and proposed patachute recovery system (t costs
1800 USD). The author researched the market and found model BRS-750 a sustable
candidate (BRS also offers a “custom 1ustallation guide™). The chosen mode! has a max
deployment speed of 160 km/h which is the Condor estimated max cruising speed, and
a descent rate of 7 m/s at 340 kg, Condor lower max weight of 145 kg at take-off should
result in 2 significant Jower descent rate close to Sojka’s value of 4.5 m/s. In addition, the

total weight of the system is almost identical, while canopy square area is smaller.
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SOJKA BRS-750
SYSTEM SYSTEM
Max Capacity 145 kg Max Capacity 340 kg
Max Deployment 180 km/h Max Deployment 160 km/h
Overall Weipht 8.3 ke Qverall Weipght 8.5 ke
Test Descent tate 4.5 m/s ‘T'est Descent Rate 7m/s
Deployment Height 100 - 2000 m
Operating Temperatute -25 +40 °C
CANQOPY CANOTY
Type Circular Type Circular
Squarc Area 20 sqm Sguare Area 535 m
Softpack Sizc 161t Softpack Size 01t
Texture Density 100 g/sam
Softpack Repack 2 years if internal
BALLISTIC DEVICE BALLISTIC. DEVICE
Type N/A Type Solid Fucl Rocket
‘Ihrust 620 N Thrust 294 N
Burn Time 0.8 sec Burn Time 1.2 scc
Inspection Interval 9 years

Tab.3.8 Comparison between Sojka and BRS parachute recovery system.

Irvin Aerospace Limited manufacrures an RPV parachute recovery system, too. The

company would have the advantage of being British (BRS is Amernican), but no system

data arc available to the author at the time of writing. Both companies are hsted in

Appendix B.
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3.6 CONTROLS INSTALLATION AND RADIO SYSTEM

It was decided to fit dual rudders to enhance ditectional control during take-off and

landing phases. Dual rudder design is discussed in section 3.3.

Ailerons and flaps will be used only in the RPV “clean” configuration, with no glove
attached. 'I'his configuration in the following is called Condor “A”. Inner conirol
surfaces, former Sojka ailerons, act as flaps while the ailerons of the wing extensions are
employed as flaperons. It 1s hoped that flaps and flaperons, along with the reduced wing
loading of the Condor compared to the Sojka, will allow it to get aithome with the
onginal powerplant while using a conventional undetcarriage. In fact, the original engmne
might prove itself to be underpowered in reference to a conventional take-off, the Sojka
having been destgned to be blasted off the back of a ramp (Ref.12). Condor “B”, whose
name in the following will designate the flying Iaboratory configuration with the glove
attached, cannot use flaps (the inner wing control surfaces) because in its position the
glove covers the left inner aileron, hence both ianer ailerons must be disabled. Condor B

will then use flaperons only.

.._:__u. | sewsor | ||z£cma?r SYSTEM |

'
! ' autopiLoY *—=—f x| —| wivay |

|
| ELEVATOR I—- T I ™ | [

e —

| FlLaP (1) I~
j FLAP (1) i—
ONBOARD
I RUDDER (l)f- pC
GENERATOR

] Y-Junction to CH4

[ RupDER (]« | BACK- P BATTERY [—
[ruworrie ]

Fig.3.31 Block Diagram of Flight Control Systers.

— e — — — ——

] Y-Junction to CHT
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The layout of the proposed radic control system is shown in Fig.3.31. The core of
the system is the computer radio (TX)/FP-R138DP receiver (RX) combination. The
chosen eight channel Futaba FP-TS8UA computer radio (Ref25) is fully
programmable allowing flaperons electronically. It can be seen that all eight
channels should end up engaged. Each outer aileron has got its own channel to have
the flapcron function; the first idea was to enable both aileron differential and
flaperon function, but this proved it to be incompatible with the radio programming.
The inner ailerons used as flaps take another channel via a Y-junction between their

SCIvVOs.

Dust cap ’——Amenna
{uptional memory madule plugs in here) - t Be caroful hot to bend your antenra when you

collapse or extend it.
Antenna must be fully extended when flying,

CHB8 knob «~

This controls CHE, and If flapsron
mixing is activated controls the flap

— Carrying hanale
) r— CH7 controt
Switch B This knob ts disabied K aileron dilferasntial
Rudder dual rate switch A :§ activaled.
Switch A — Switch G )
Elevator dual rate switch 4 Flevator - flap mixing
gwllch FI‘I ) g " Bwitch O
nap roll switch Ajleron dual rate switch
| |
Switch H
Switch E frogrammabte Switch

bzt : Switch @

Rudder/Throttle stick - ElevatorfAileron stick

Throttle trim lever —§& Elevatot tvirm lever

Rudder trim laever — i mse Aiferon trim lever

: Snap roll direction switch

LCD panel ———- ‘ i Lo EditKeys
Power switch -1 -— Mook tor optional neckstrap
Up position: ON

Fig.3.32 Computer Radio.
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Ounly two channels for the four wing control surfaces could have used the flaperon
function globally {two Y junctions needed), but this solution would have precluded the
employment of the RPV with the glove mounted, as it would be sited in a position that
blocks the inner aderons. Conversely, assigming a separate channel to the inner atlerons
and exploiting them as flaps ensures that we can make them inoperative easily while

retaining the outer ailerons as fully operational when the wing glove is mounted.

The parachute release mechanism takes another channel; it would be remotely activated
by the switch G (Fig.3.32) on the computer radio. The parachute recovery system is

discussed in section 3.5.

The autopilot HAL2100 controls the elevator and atleron radio functions (Fig.3.31) and
is capable of recovering the aircraft to a straight and level fight from any attitude
automatically. It is sited on the RPV fuselage floor as far away from the recetver as
posstble (Fig.3.33) to avoud radio mterference owing to a slight frequency emission from
the microprocessor’s motherboard. The Pulse Code Modulation (PCM) technology, in
conjunction with a PCM recetver, permits access to a a failsafe function that, in the event

radio interference is recetved, moves each setvo to a predetermined position.

Y2  Auto-pilot 7_—‘
O Sensor

[J] Receiver

1R I

N O

-

Fig.3.33 Location of Autopilot, Receiver, and Sensor.
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Then some left rudder could be programmed in order to achieve a turning flight
path, while the throttle could be programmed to be closed, If the receiver goes into
failsafc mode, the autopilot’s microprocessor sends commands to servos to return
the air vehicle to level flight. As a result we would have a predictable spiral descent
with the minimum of damage to the air vehicle and to third party. HAL2100
operates in conjunction with a sensor whose installation is somewhat critical.
Installation was performed in accordance with guidelines of Ref.26, underneath the
RPV fuselage.

On the underneath Of the sensor case SENSOR UNIT

ONE AXIS SENSOR HOLE

there are two small arrows (Fig.3.34) :

one of these arrows should point

T

8.

* - N7

forwards, depending on which oESTon

configuration “+” or “x” is used. As it
N
is of uppermost importance that the POSITION

sensor four light entry holes are not ' {j;-‘

obstructed by anything, the “Xx”

. . A X
position was adopted. This ensures that POSITION
the sensor’s view will not be blocked
by the front undercarriage leg. Fig.3.34 Sensor Positioning,

3.6.1 POWER SUPPLY SIZING

The proposed power supply configuration for the flight control system is shown in
Fig.3.31 and uses one battery only. Previously a two battery solntion was considered
(Ref21), but is was abandoned in favour of the lighter circuit in Fig.3.35 which
should illustrate the concept clearly. There is a relay that is closed onto position A
under normal operation, which is with the alternator functioning. In this situation the
receiver and the other loads (not depicted but connected in parallel to the receiver)
are fed by the regulator via a diode and a series of capacitors to stabilize the output
tension; the battery is charged by the alternator, whose specifications are listed in

Appendix C. The relay is clesed onto position B under an alternator failure or when
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the engne is off. In this situation the receiver and the other loads are fed by the battery,
as long as battery endurance permits. "Lhis back-up power facility should ensure 2 source
of current almost in any scenanio (there will be a lack of power only in the event of both

battery and alternator faﬂﬁe).

1
' A N g

| 4
—l—l REGULATOR H—] (@
\V4

I%ig.3.35 Power Supply Circuit Scheme,

Battery endurance will depend on its capacity, which can be determined knowing the
maximum current drain of the circuit loads. Current drain of the most significant items,
which are the powerful ps3801 and ps3032 servos, was not available n literature (Ref.27),

but it was determined experimentally according to the following table :

SERVO MODEL | INPUL'VOLFAGE | TORQUE | CURRENT
Ps3801 48V 14 kgem 1.0 A
ps3801 6.0 V 14 kgem 1.4 A
ps3032 43V 8 kgem 0.8 A
ps3032 6.0V 8 kgcm 0.9 A

Servo ps3001 was not tested because ol ifs low max torque (3 kgem). The higher voltage
input at 6V is desiderable to better cope with loss of tension problems, which will be
addressed shortly. Neglecting the autopilot and receiver current drain, in the magnitude
of mA, and servo ps3001 current drain, at 6 V we get the maximum output power when

the two ps3801 and the remaining seven ps3032 servos are simultaneously producing the

maximum torgue :
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2x14+7x09 =9.1 Ah

thus giving a battery capacity in the range 5 - 9 Ah. Parachute servo was also
neglected in this calculation because still undefined (see 3.5), but the expected
ps3032 servo for the nose wheel steering (see 3.4.1.1) was included. A second safety
function provided by the PCM receiver regards the low battery voltage. When it
drops below around 3.8V this function moves the engine to idle. The autopilot/PCM
receiver/back-up power system combination will play a major role in obtaining the
necessary flight permission from the CAA. Wiring cross section is an important
figure to prevent loss of tension due to cable lenght. An order of magnitude for the
wire cross section can be derived from the Ohm’s law in the area where the loss of
tension will be maximum, which is the wiring between the DC generator and the
receiver, assuming that in the conductor is passing the current, 9 A, due to the total
circuit load (this is a conservative approximation, since the current will be a little

lower) :

s=PL g
AV
where

L =2 m (estimated wire lenght from receiver to battery)
AV = 0.5 volts (inax allowed loss of tension)
I=9 A (estimated max current load)

p =0.0188 Qmm? /m (copper resistivity at 25 °C)

thus giving the following cross section area :
151 = U-?mm 2

which is close to the value of a standard Futaba wire. Adopting this figure as a
wiring cross section will not guarantee a loss of tension of 0.5 volts anywhere in the
circuit, as there will be other losses in other parts of the circuit to be added, but
certainly lower because of the lower current levels, As a result we cannot be sure
that locally the tension will drop below 4.8V, which is our limit; in additton, nothing
can be said about the joule effect, as the necessary data sheets are not available {o the
author. Neverthiess, the above figurc is a good starting point for more precise

calculations.
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3.6.2 PRELIMINARY GROUND TESTING

Ground testing of the flight control system, incomplete and with provisional items,
has managed to get a somewhat advanced state. A first step was to program the
computer radio to implement the channel assignment scheme in the table below,

addressing the Condor A configuration :

CHI (AIL) RIGHT OUTER AILERON STICK/KNOB CH6
CH6 LEFT OUTER AILERON STICK/KNOB CH6
CH7 FLAPS (CONDOR A) KNOB CH7
HAL2100 GAIN (CONDOR B)
CH2 ELEVATOR STICK
CH3 THROTTLE STICK
CH4 DUAL RUDDER STICK
CH5 RECOVERY SYSTEM SWITCH G
CHS HAL2100 GAIN (CONDOR A) KNOB CHS
DAS ACTIVATION (CONDOR B) SWITCH H

The radio program was called “RPV_0A” and was developed as much as the
incomplete flight system allowed. RPV_0A is loaded automatically when the
computer radio is switched on; for an explanation about the settings in RPV_0A and
further details on radio programming Ref.25 should be consulted, Channel 8 is
devoted to the “gain control”. This feature of the autopilot adjusts the servos’
sensitivity via the assigned knob CH8 (Fig.3.32), thus permitting the gain setting to
be varied from zero to 100 % during flight. This means that flight stability can be
adjusted and manoeuvers can be smoothed on windy days. Note that channel 8 is
also devoted to remote activation of the data acquisition system for the Condor B
configuration. In this case the original switch H (Fig.3.32) should be replaced with a
standard Futaba on/off switch,

During testing the autopilot was found faulty and replaced with a brand new one; the
sensor operation was checked by shining a torch into the sensor from different
positions around the RPV, according to the guidelines of Ref.26. Moreover, it was
discovered that flap servos cannot be operated in the factory-set configuration, as
they move unsimmetrically; to overcome the problem, one flap servo (type ps3032)

was sent to the factory where it was reversed and then returned to the Department.
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Becausc of the unavailability of expert personnel, the author himself did all the
wiring using standard Futaba wires, wire extensions, female and male plugs, and a
Ripmax 2.5Ah Nickel Metal Hydride rechargeable battery (see Appendix E);
although this setting allowed a minimum of ground testing, it is likely that it will
have to be replaced because of loss of tension problems (see 3.6.1) and, most of all,
radio interference. Radio interference can be minimized by using screened cables : it
will be sufficient to slide out a standard IF'utaba wire and replace it with a screened
cable of equal lenght. The use of non-standard screened cables and battery will

certainly require modifications to the autopilot, receiver, and servo fly-leads,

3.7 INSTRUMENTATION

Provision of research instrumentation is necessary in order to upgrade the air vehicle
for laminar aerofoil research and hence for data acquisition in that application field.
This section will consider a design specification for in-flight air data acquisition,
although emphasis will be put on the instrumentation necessary for a wind tunnel
test only. In-flight data measurements will be examined more in detail in another

section.

3.7.1 CHOICE OF INSTRUMENTS

In general, choice of instruments for a data acquisition system is a compromise

among the following factors :

range

desired measurement accuracy

sensitivity to measurement

sensitivity to disturbance

maintanability and durability

constancy of performance

e suitability for the environment conditions they will be subjected
data acquisition architecture

cost

and, in owr specific application, also :
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* weight
e size
This may seem complex but in practice the above factors interact with one another.

For example, cost (and therefore a certain budget) will influence almost all of them,
excluding a certain architecture and down-tailoring a certain accuracy measurement
requirement. Often, in a semi-complete system the remaining items are almost

compulsory and there is no other viable choice.
More in detail, we have also to deal with :

computer platforms

quantity and types of signals and sensors
filtering requirements

isolation requirements

resolution requirement

portability requirement

Since we mention “computer platforms™ it is evident that we go for a PC-based
system. This approach gives flexibility, versatility, fast sct-up, portability on other
platforms, and easy maintenance and upgrade (Ref28). Then the {irst choice is
between notcbook and desktop computer. The latter is cheaper but unfeasible
because of weight and, most of all, space restrictions. The second thing to select is
the operating system, Windows or Mac OS. It has been decided for Windows merely
on a value for money basis : Windows based PCs are widely available and cheaper.
The other PC characteristics are directly related to the software which has to run and
the ADC card to be connected (both sofiware and card will be illustrated later). They

arc

miminum § MB RAM

minimum processor 386SX (any speed, but faster is better)
floating-point unit recommended

minimum 800 MB hard disk capacity

type II PCMCIA 5V capable slot

® & ¢ @ »

In addition the notebook must fit into the RPV fuselage, whose width is 343 mm,
and with a battery life of at least one hour (estimated longest test sequence); some
shock-resistant capability is desiderable (to better cope with landing loads). Sclected
notebook was the TOSHIBA 110CS which fulfill all the above requirements but
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shock-resistant capability, which is standard; a “rugged” notebook for military purposes
would meet this tequirement, but it was considered too expensstve for the available

budget. 'The battery life ts 2.30h in harsh conditions, more than adequate.

3.7.2 QUANTITY AND TYPES OF SIGNALS AND SENSQRS

An indication of angle of attack, angle of sideslip, and outside static temperature wilt
cover most of the expected research applicationsl. Temperature s required for
calculating true awspeed. In addition, we need the value for free stream pressure and
dynamic pressure. Since the glove has got 60 pressure tappings to adequately cover both

lower and upper surface, we will need to measuse

60 pressure values over the wing glove

onc temperature vatue

two angular displacements (angle of attack and sideshp)
one free stream pressure value

one free stream dynamic pressure value

Once the medium being measured has been identified, we still have to identify the
optimum type of instruments, and take to account the factors histed previously, in
sclecting a4 particular instrument which falls wmto the selected type. PFor pressure
measurements 2 differential transducer is universally used and it gives a differential value,
which is a difference between a reference pressure and an actual pressure value.
Transducers which give an absolute pressure value do exist, but are rarely used because
of their cost and complexity, due to difficulty in making a perfect vacuum (Ref30). Two
suitable systems, Scanivalve ZOC22B unit and 4859GM unit (Ref.31), were considered,
and eveatually the 4859GM unit was chosen (see 3.7.5 for a discussion upon this ssuc).

‘t'he other sensars, relevant to flight testing, will be mntroduced in another section,

I Strictly speaking, a pressurc distribution in terms of Cp values under an inviscid incompressible
fluid depends on the aerofoil shape and the angle of attack only.
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3.7.3 THE PRI:SSURE DATA ACQUISITION SYSTEM

The system consists of (Fig.3.36} :

two 48S9GM-1/2 oiless scanners

one SGMS5-48 solenoid drive

two PDCR23D differential pressure transducers
two 48SM-1/2 male connectors

one CTLR2P/82-S6 controller with pulser

two S7DC strain gauge transducer amplifiers
Labview sottware

« urethane tubing

In the following each item will be described.

Oiless scanner. This model S9 pressure multiplexer is driven by the solenoid drive
that makes it rotating at a certain stepping rate (20 ports/sec is the maximum
recommended with a Scanivalve controller and transducer). The stcpping rate does
include the travel volume of the transducer. Each oiless scanner contains a pressure
transducer and 48 ports. The system is configured with two scanners and hence a
total of 96 ports on line, but it is modular and other scanners may be added o the

system (Ref.32).

| PRESSURE BALANCE |

Fig.3.37 Solenoid Drive.
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Solenoid drive. It is the electric motor which makes the scanner rotating {Ref.32).
This model S5 has got a “balance pressure port” (see Fig.3.37) which is there for
backwards compatibility only. If used in conjunction with our model S9 scanner it
becomes useless and ought to be covered, although the wind tunnel test was

performed with the balance pressure port uncovered.

Differential pressure transducer. The model PDCR23 (Ref.32) has a very little
internal volume that allows to maximise the scanning speed, although lenght and
diameter of tubes also matters. In fact, the pressure value can be regarded as a pulse,
hence it needs time to settle down : a long tube with a small diameter is the worst
scenario with the largest loss of pressure. The model with suffix “D” with integral
cable was preferred being more practical. The Scanivalve transducer does not need
temperature corrections but half an hour warm-up time is recommended. We also
need to determine the transducer pressure range. What matters is the maximum
expected Cp. This value depends on the aerofoil section and the angle of aftack.
Whilst it is difficult taking into account the infinite aerofoil sections, we can say that
the angle of attack will never be large, as the aerodynamic effects which may destroy
the bidimensionality of the airflow are stronger as the angle of attack increases (see

4.6.2). Assuming therefore Cp=-3 as the maximum expected, we have, by definition

c, =%z fo
Ga

=>P-P =C,q,

and P — P_is indeed what the transducer measures over the wing glove surface. The
formula tells us that this quantity is also larger as the dynamic pressure g, increases

to its maximum, which occurs at the RPV maximum estimated cruise speed at sea

level (50 m/s) :
g, =(0.5)(1.225)(50)* =1531 Pa
thus giving

P— P, =(=3)(1531)Pa =-4593 Pa
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The first three available ranges are, starting from the smallest one :

o 410 in H,0= %2490 Pa (0.36 psi)
e +20in H,0 = £4980Pa (0.72 psi)
e +1psi =+ 6917 Pa

Being the larger the range, the smaller the accuracy (see 3.7.4), =20 in H,0 range

is preferred.
Male connectar. 1t is a necessary accessory to connect the 48 tubes to the scanner,

Controller. It drives the solenoid electric motor (Ref.33). The model with built-in
pulser has been preferred but later it was realized that the pulser is redundant since
the same task can be accomplished by Tunlab, the digital interface (see Appendix
A). Tunlab also supplies Home and Step control via the digital lines (during wind
tunnel testing Home Pause was set to 2 sec and the Stopping Rate to 0.05 sec, see
Appendix A).

S7DC amplifier. There is an amplifier per each transducer and hence a total of two.
It provides all the necessaty circuitry to operate the scanivalve transducer and in
particular supplies 10V excitation and + 10V output (Ref.34). Compact and reliable,

it is housed 1n a robust die-cast aluminum enclosure suitable for harsh environments.
It weighs 240 g,

Labview sofiware. Labview Student Edition 3.1 (Ret.35) is a powerful graphical
programming software enabling to fast programiming the instrumentation system. It
gives tools to control insiruments, acquire data, analyse them, and present them.
Labview is the native environment of Tunlab (see Appendix A), the system digital

interface developed by the anthor.

Urethane tubing. The standard diameter for the SGM muliiplexer is 1.02 mm (0.040

in). Four types of materials are available :

Teflon Nylon Vinyl Urethane
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Urethane tubing was preferred because is resistent to weather, tearing, abrasion, and
impact. It is also extremely flexible, resilient, and resist kinking, thus making it ideat
for flight testing (Ref.36).

3.74 NOTES ON TRANSDUCER ACCURACY

Accuracy is measured in B.S.L. or in F.S.P., both given in percentage. B.S.L. stands
for Best Straight Line. For instance, + 0.06% B.S.L. means that measurements are
distant from an interpolating line (Fig.3.38) not more than the B.S.L. value, making
it useful for statistical analysis. Perhaps a more useful approach is to give a
percentage in F.S.P., which stands for Full Standard Pressure and the value given (in
percentage) is an absolute error valid in any range. For example, if a 0-10 bar
pressure gauge has a quoted accuracy of + 1% FSP, then the maximum error to be

expected in any reading is :

10-X

100=1=10-X =0.1

Therefore if an instrument is reading 1 bar, it must be :
1-X=0.1
thus giving a 10% error. It is then evident that the actual accuracy is lower near the

bottom of the range of measurable pressures. Hence, because the accuracy in FSP is
quoted as a percentage of the full scale reading of an instrument, it is an important
system design rule that instruments are chosen such that their range is appropriate to
the spread of values being measured, in order that the best possible accuracy is
mantained in instrument reading. In short, if we were measuring pressures with
expected values between 0 and 1 bar, we would not use an instrument with a 0-10

bar range. \

A 4

Fig.3.38 Best Straight Line (Typical).
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3.7.5 ZOC22B VERSUS SO9GM UNIT : PROS AND CONS

Two Scanivalve multiplexers have been considered for the pressure sensing equipment
of the data acquisition system. In the following several key factors are analized which
show the reason why the S9GM unit was eventually preferred. The reader should consult

Ref.37 for complete ZOC22B specifications.
Cost. The ZOC unit 1s three times more expensive per channel.

Constancy of performance. The ZOC unit has a higher sensilivity o temperature
vanation. While voltage ddlt owing to outside temperature vanation can be easily
corrected mathematically (it is only a translation), a voltage drift caused by local
temperature vaiations inside the ZOC unit can be eliminated by re-calibration only, and
this is impossible to be done after the RPPV has taken off.

Operational _requirements. The ZOC unit is pneumatically operated, thus needing a
constant pressuce input in order to be in the “operate mode™ or to change mode (there
are four modes of operation). This implies the presence, on board of the RPV, of a

somewhat cumbersome pressurized contamner.

Weight. Although the S2GM system weighs circa 3 kg and a ZOC unit 80 g only, the
latter needs a pressurized container and a MACU unit to be operation ready. This raises

the total weight significantly.

In conclusion, it seems that the ZOC unit has a faster maxtmum sampling rate (20 kEz
versus 2011z) only on its side, being more expensive, more complex, heavier, and mose
temperature sensitive. A faster sampling rate 15 not so paramount, as we shall be
measuring low frequency signals under stationary conditions. Besides, the ZOC option

would stretch the budget constraints to their exteeme hmits.
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3.7.6 THE ADC CARD

Since it has been decided to adopt a PC-based system, an ADC is needed. In faet,
most of transducers héwe an analog signal as output, whilst a PC requires a digital
input. /O digital lines are also required for remote de-activation of the DAQ system
before landing of the RPV and for management of the Scanivalve controller. As we
need to acquire more than one information (a channel is a source of information), a

single multiplexed ADC, to minimize the cost, is necessary.

The selected National Instruments DAQCard-700 (Fig.3.36) is an analog input,
digital /O board for computers equipped with 2 Type Il PCMCIA slot. The board
contains a 12 bit, successive approximation ADC with 16 single ended or 8
differential analog inputs, and 8 digital I/O lines. The 8 differential analog inputs are

adequate as we need to acquire :

angle of attack

angle of sideslip

temperature

values from two pressure transducers

thus making a total of five analog inputs. In Fig.3.36 it is shown the card along with
the necessary connection accessories. Here are the most significant parameters of the
card (Ref.38), along with their definition.

CMRR (all input ranges) : 80 dB. It is a mcasure to reject equal-magnitude signals
on both inputs from a common-mode signal, Any induced noise will contaminate

each wire equally and will be rejected by the CMRR capability.

FIFO buffer size : 512 samples. It is a queue manager using the FIFO algorithm.
Collected data are stored in this buffer where they wait until the PC processor is
ready to process them. It may be a critical figure in the scenario of a slow processor
under a heavy workload : if the buffer is full and the processor is busy incoming

data are lost.
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Multiplexed ADC. Multiplexing is a technique for acquiring several signals with a
single ADC. The ADC samples one channel, switches to the next, samples it,

switches to the next, and so forth.

Maximum sampling rate : 100 Hz. This parameter determines how often
conversions can take place. Wind tunnel testing used a sampling rate of 20Hz per

channel over two channels (see 3.7.3).

Resolution : 12 bits, It is defined as the number of bits used to represent the samples
(analog signals} in digital form. Currently are available ADCs with resolutions of 8,
12, or 16 bits,

Range : 10V, x5V, *+2.5V software selectable. It refers to minimum and
maximum voltage levels that the ADC can quantize. The higher the voltage, the
larger the sensitivity, hence the signal resolution, for a given resolution in bits of the

ADC, Therfore we will operate at = 10V,

3.777 INTERFACE CONSIDERATIONS

“Scaling” is generally required within the analog-digital interface of a computer. In
fact, the raw analog input signals may be too large or too small for compatibility
with the range of a DAQ card and they have to be scaled upwards or downwards
(apart from accuracy or noise reduction considerations). Usually the raw analog
signals are scaled upwards : if inputs are below the maximum range of the DAQ
card we might have a low resolution in the acquired signal. As a general rule of
thumb, to avoid that, all inputs are amplified to match the maximum range of the
card. Signal amplification is carried out by an operational amplifict, which is
nonmally required to have a high input impendance so that its loading effcct on the
transducer output signal is minimized, and high CMRR. In data acquisition, an
application requiring the amplification of low-lvel signals, so called instrumentation
amplifiers are used, which are particularly good in these attributes. An
instrumentation amplifier consists of a circuit containing three standard operational

amplifiers. By means of amplification we increase the resolution and reduce noise of
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the acquired signal. In our case we used an S7DC strain gauge transducer amplifier
(Ref34) which provided not only amplification up to the maximum range of the
DAQCard-700 but alse excitation for the Scanivalve pressure transducer (full scale
output 17.5 mV at rated 12V excitation). Scanivalve Corporation offered a similar unit in
performance (Model SCSG2 of Ref31) but at a significant higher price, weight, and

dimensions.

3.7.8  SYSTEM DESIRABLE IMPROVEMENTS

The wind tunnel experience has suggested some desirable improvements to the system,

in particular to Tunlab, the digital interface, and to the tubes connections.

System testing procedures would be faster if Tunlab could address a cettain scanner port
directly, instead of us being forced to a manual step-counting in order to rcach a given
port. This could also open up some system self-testing capability development.
However, it is authosr’s opsion that such development, and others pertinent to remote
operation for flight testing, are beyond the capability of the Labview Student Fdition
graphical “G”™ language used so far. In particular, the G language has shown several
Limits when a code becomes long and complex. Perhaps the more powerful Labview
Professional Edition along with the C lanpuage-based version might be more

appropiate, provided this option can be financially covered.

An intesmediate connection (see accessories in Ref.36) somewhere in between the wing
glove and a scanner is greatly necessary. This is because it is highly recommended to
blow all tubes with clean air before each flight test sequence. In the present confignration
it is very cumbersome and annoying to remove the only male connector at each scanner
to have access to the tubes. Besides, this improvement would also facilitate the

msialtation of a different acrofoil test seciion.



4. GLOVE DESIGN

4.1 AERODYNAMIC CONSIDERATIONS

It would be anticipated (Ref39) thar there would be two significant aerodynamic

phenomena affecting the airflow over the surface of a wing glove :

1. downwash effect
2. crossflow effeet

These are typically three-dimensional effects assoctated to a fimte wing that are absent in
an mfinitc wing producing a bi-dimensional atrflow over its surface. In fact, on the RI’V

wing/glove combination two major sources of vorticity are likely to occur :

1. wing-tip vortex
2. vortices at the glove’s edpes

Offsel: Glove-Wi
lY
1
X Z rlJ
\ S L 60
Endplates 1
106
Wing (NACA 2415} Glove (NACA 0012) Wing Extension (NACA 2413)
/a R
l\\ } 1050 ?
700 | 59¢ 700
X
h * ' * * Unit of Length: mu
DA Lol Stk ahald
— 10
- gic 790
— 2050 L 125

Hig.4.1 RPV Wing/Glove Geometyy.
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Wing-tip trailing vortices are present in any finite wing and are responsible for the
downwash effect which reduces the angle of attack locally along the wing; they are also
associated with spanwise velocty components (“crossflow effect’”) which affect the
development of the boundary layer. This kind of scenario would preclude the acquisition
of infintte wing aerofoil data, for which the wing glove is being primarily designed.

Atfter these reflections it is evident that a bi-dimensional airflow at least in the glove
measurement section is desirable and vital for ustng the wing glove for laminar acrofoil
research. It is envisaged that such a task could be accomplished if investigations
suggested the three-dimensional effects being of low strength or reduced significantly by

means of fitting the glove with cndplates.

4.2 GLOVE POSITIONING AND GEOMETRY

The glove 1s conveniently located in the mid-wing area approximately, in order to keep
fuselage or wing-tip disturbances to a minimum (Fig.4.1). Consequently, it is sitcd
between the two ribs available in this area of the wing, In this position its span is 0.83 m.
Its planform 15 rectangular to meet the rectangular planform of the wing, Because in its
position the glove covers the inner aileron, inner ailerons must be disabled in this RPY
configuration. As the wing extenstons are easily removable, it is not problematic to slide
the glove over the end of the wing and to fix it to attachment fittings destgned for the
purpose. The minimum chord for the glove depends on the geometric characteristics of
both wing and glove aerofoil test section, the finite thiclkness of the material the glove is
made of, and the need for space for tubes of the pressure sensing system. Because of the
large bulk of literature available upon it, the NACA 0012 aerofoil was chosen 2s the test
section for design and data validation. This, and the need for space for tubes sets the
minimum chord to 1.05 m (Fig4.2). A pressure tappings steip is located near mid-glove
section to minimire three-dimensional effects in the measurement plane. A total of sixty
tubes connect thirty onfices on the upper surface and another thirty on the lower surface

to two pressure scanners Jocated inside the RPV wing and just underncath the glove

(Fig4.3).
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Fig.4.2 Wing Glove Chord Study.

Fig4.3 'Trail-mounted Pressure Scanners.

43







GLOVE DESIGN

Pressure tappings coordinates are listed in Appendix ID. Remarkably, the glove contains
tubes only and no instrumentation, because the design philosophy was to create a
removable and fully expendable glove should a new acrofoil scetion be tested : this
ensurcs flexibility to test a variety of profiles by simply replacing the glove with a new
one that is tubing-fitted and connected to the existing instrumentation of the Condor.
The chord of the glove model is aligned with the chord of the wing and the surface is
painted in matt black to facilitate flow visualization. A twin glove configuration (Fig4.4)
is likely to be employed for in-flight testing, because a single glove would mnduce a rolling
moment about the longitudinal axis requiring a permanent aileron deflection o tim the
moment out above certain speeds; this might affect test data and have an associated
acroclastic cffect, namely divergence, because an aileron deflection increases the lift force

causing the wing to twist.

4.3 GLOVE ARCHTTECTURE

A straigthforward solution would be to adopt a classic spar-rib constraction as shown in
Fig.4.5; however this solution was discarded because this architecture would result in a
weak structure owing to the cutouts needed by tubes to get out of the glove. This is the
main reason why a2 more sound balsa core solutton was preferred : from a central internal
gap (Fig4.6) tubes are routed through a ducting channel in the glove interior (Fig4.7)
and driven into the wing via a hole (Fig.4.8) facing the free space gained by removing the
mner aileron. Current attachment fittings leave the wing almost unchanged and fully
functional after removal of the glove: this enhances the flexibility concept described
earlicr, as it keeps to a minimum the wing modifications needed for securing the glove.
The core of balsa is covered by two layers of mohogany plywood 1.5 mm thick, which
make the glove’s trailing edge cusped. The glove model is attached to the wing at two
points located at the standard wing outboard rib (IYig.4.9) : a metal plate using the inner
atleron bolt (see 2.7, item n0.2), and a metal fitting using the bolt connecting the wing

cxtension.
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Fig.4.6 Wing Glove Architecture.
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Fig.4.7 Internal Gap with Tubes.

Fig.4.8 Aperture on the Wing Trailing Edge.
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Metal Fitting

j -

Fig.4.9 Glove Attachment Fittings.

4.4 STUDY TO LIGHTEN THE GLOVE

The wooden glove model has resulted in weighing 7.6 kg, a still acceptable but
somewhat heavy weight, especially if compared with the wing extension weighing
3.75 k g, though in that case thare are no tubes which have to get out of the structure.
Experience suggests that the two layer skin has a much stronger effect on weight
than the core of balsa, which has already large cutouts like the central gap and the
ducting channel. This is confirmed by the following calculation, which shows the
saved weight obtainable by drilling a lightening 50 mm diameter hole along the
leading ledge of both halves of the glove (central gap is 160 mm wide) :

available lenght on half glove = —2%9 - ? =335mm

volume on half glove = 7(0.025)*(0.335)=6.57-10"* m’
total saved weight = 2(6.57-107*)(96) =126 g
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which is only 1.7 % of the total weight of the glove. A two layer nested skin construction
seems to be mandatory to permit tubes to be installed inside the model and for getting a
seamless and strong junction on the glove surface. A discussion with ].Kitching, the
technician who made the current wooden glove, led to the conviction that 2 glove made
of composite materals is technically feasible for the Depariment capabilitics. A
composite glove looks promising in an aitempt to save weight because styrene sheets, for
instance, ate available as thin as 0.25 mm and an expanded PVC ngid foam, Divinycell
grade H30, 11 an expernitnent proved it to be one third lighter than the balsa used for the

core, according to the following table :

MATERIAL THICKNESS SHEET SIZE WEIGHT
Divinycell H30 50 mom 2845X1295 mm 13.25 ¢
Balsa 96 kg/ m*® 50 mm 2845X1295 mm 3975 g

‘The idea is therefore to use the curtent wooden glove model as 4 mould, thus retaining
the current architecture, which is wind funnel tested, in order to manufacture a glove
with a cote of Divinyecll H30 and two styrene 0.25 mm thick layers for the skin. A
composite glove, however, requires some care with the painting colour, in reference to
its future in - flight testing,

The problem is that the finished colour can

affect the glove structural strength due to solar 246 COLOUR CURVE SHEET
heating of its surface; in fact, the colour of the Ba /
2247 -4
sutface determines how much solar heat it will | 0 - //,//
{7
absorb (Fig.4.10). A white surface absorbs very |[¥ 200] " /7/ i
‘ ’ . y 4 A 4
litthe of the sun’s heat whilst a black surface | o= =T g® ors— 7{; <4
5 l pa /
absorbing much more (95 %) will heat up %::; A LAY
by 7 7 V4 -
greatly. In patticular, if IR surface (ow | 159 5'// e . *'95/{{/
. . A B ™1 o 2z i <] L,
visualization s planned to spot the boundary § :w] Py A
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black surface will give the best resuits (Ref.4). . r/// // gld )
. L N v g
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temperatures on its black surface.
Fig.4.10 Colour-Temperature Relatiocnship.
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4.5 NUMERICAIL MODELLING

To establish the quantitative effect of the endplates on the flow around the wing
glove, numerical calculations were carried out considering endplates of different
size. In each case the shape of an endplate follows the glove profile and the quoted
height is simply the perpendicular distance from the edge of the plate to the surface

of the glove. Following heights have been used :
5 ¢m, 10 cm, 20 em, 50 em, Special

The geometry of 20 cm and 50 cm endplates is shown in Fig.4.11; 5cm, 10 cm, and

Special endplates geometry is shown in Appemdix D.

In order to numerically predict the effect of the endplates three software packages
were used (Ref.40).

PreBFC - a CAD style geometry setup and 3D boundary mesh generator
TGrid - a 3D triangular unstructured mesh generator

Rampant - a numerical solver and postprocessor

All three packages were developed by Fluent Inc. and are therefore designed to

interact with one another.

[ e ———
Endplates - Endplates «,..
Haight = 20cm Hetght = §0 cm'~
l(ﬁmnl; Y[mmlo x[rm] |_ylmm{
0 0
18.0 7.5 25.a8 168.0
38,0 t0.5 51.0 228.0
72,0 14,0 102.0 308,90
108.0] 17.0 152.8 37701
143.5 19.5( 2035 4235
215.5 223 305.0 495.0
237.0 24.0 407.0| 528.0
430.3 25.6 8105 550.0
717.5 2.0 1017.5 509.0
851.0 2‘..0L 12210 462.0
1004.5 18.5 1424.5 407.0,
11480 15.5 16200 341.0
1252.0 11.5 1331.0 256.0
1363.0 9.5 1833.0 2c9.0
1408.0 7-5’ 1894.0 1E5.0
14220 4.5 2017.0 99.0
1436.0 0 2035.C 0
ehord = 1435 mm chord - 2085
Yo = 200 M Ko = 500 mm Thickness of £ncplaies: 4mm

Fig.4.11 Geometry of 20 cm and 50 cm Endplates.
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PreBFC provides a geometry description around which the fluid must flow (Ref.41).
Calculations are performed upon the mesh which is created onto the geometry, not
upon the geometry itself. In fact, a geometry description is used as a guide during the
grid generation for placement of grid lines, and eventually the solver sees the grid
only. It is therefore paramount to plan the geometry setup accurately, since the
ability to modify the grid later or to extract a certain set of results will depend
heavily on the way the geometry was defined within PreBFC. In order to illustrate
this important point adequately, we will go in some detail into the process of
generating the three-dimensional RPV wing/glove combination geometry. PreBFC

offers the following tools to create a geometry :

e points, defined in terms of Cartesian coordinates
e curves, created from defining points
e surfaces and patches, created from defining curves.

The initial step was the input of the wing profile points (Fig.4.12). Surfaces (S1...S6)
were created , each passing through two opposite curves of Ul and U2. To enhance
postprocessing abilities (i.e. displaying results on the upper surface only) upper
surfaces (S1,S2,S3) were given the Zone-number 2, lower surfaces (S4,S5,S6) the
Zone-number 3; elements with different Zone-numbers can be isolated individually
in TGrid and Rampant.

R70 00 o o P43
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Fig.4.12 Wing Geometry Setup Steps.
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The next step was the geometry input of the endplates. They had to be modelled
with their finite thickness of 4 mm because Tgrid does not recognize a mesh surface
that is exposed to the flow on either side. This complicates the model because now
we must define either endplate side geometrically and each side is different as one is
at the wing interface and one is at the glove interface. Both endplate sides, shown in
Fig.4.13; had to be defined with patch surfaces (PAl...), each requiring a set of four
curves to be created between the initial and end points of opposite curves (of wing
and endplate profile, or of glove and endplate profile, respectively). The wing
extension was set at about 5 degrees of dihedral angle and used six surfaces
(S25...830) passing through curves of U9 and U10 (Fig.4.14). The wing tip
(Fig.4.15) was modelled with six patch surfaces (TI1...TI6). Boundary type is asked
by PreBFC after each surface or patch creation command; as all the elements so far
created belongs to the RPV wing/glove combination fitted with endplates, the
boundary type for these will be wall. A wall is a solid boundary through which a
fluid cannot flow. Final step is the geometry setup of the outer boundary of the
computational domain. Both cylindrical-shaped and square stone-shaped outer

boundaries were used with the various grids employed during the calculations.

Fig.4.16 shows a square stone outer boundary. The first section (at z = 0) was set as
a symmetry boundary type.
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Fig.4.13 Endplates Geometry Setup.
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This allowed to model only half wing, since the flow and the geometry are then
considered symmetric about that surface. The model has a clearance equal to 5 times
its chord radially and 8 times the wingspan longitudinally from the outer boundary.
The outer boundary surfaces were set as an inlet boundary type, namely a boundary

across which fluid enters the domain.

Starting from the boundary mesh, the tetrahedal unstructured grid was generated
with TGrid (Ref.42,43). It is then necessary to examine the created boundary mesh
for topological problems such as duplicate (free) nodes and unused nodes. Duplicate
nodes are two or more nodes placed at the same location, which may occur where
curves of different surfaces meet one another. The boundary mesh cannot be
generated if duplicate and unused nodes are present. This was a major problem,
because, although TGrid provides commands for merging and eliminating nodes,
there were always duplicate nodes after merging the nodes. One can try to reduce the
tolerance and try to merge again. Nodes are considered coincident when their
coordinates differ less than the specified tolerance. Needless to say, there were still

duplicate nodes after reducing the tolerance to the smallest acceptable value.

Fig.4.17 RPV Wing/Glove Boundary Grid.
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Tnitially, changing the node distribution led to a bouadary mesh, but at the cost of many
time-consumiag trials and ecrors. The author cannot explain why this empinical solution
worked, but it was the only way to get a volume mesh, and hence a numerical solution,
using TGrid telease 2. Actually this remedy worked with the RPV wing/glove model
without endplates (Fig.4.17) and with the wing modcl alonc (Fig.4.18), but not with the
complete model. Only after the release of ‘Ignd 2.4 it was possible to generate a
boundary mesh for the complete model (Fig.4.19). Endplates wese added by S. Artmann
who used a new feature available in Tgrid 2.4 : duplicate nodes are displayed and then
merged manually. ‘The merge command is in the Modify Bowndary Panel Once the
boundary mesh was created and improved in quality, the volume grid had to be
initialized. In some cases Tgrd could not mesh all nodes at the fitst attempt. The
problem was solved by seducing the Node Tolkrance in the Init/ Mesh Conirols Panel This
tolerance 1s valid for the mesh initialization only and has nothing to do with the merging
process of duplicate nodes. Note the finer mesh over the leading edge of the RPV

wing/glove model, where higher velocity gradients are expected.

The volume mesh was then imported into the solver Rampant for calculation
(Ref.44,45). The inviscid incompressible model was used, as downwash and crosstlow
cffects are accounted by Prandtl lifting-line method within the potestial flow theory.
This means that in the mid area of the numenical glove model, which is expected to be
the less disturbed by three-dimensional effects, the resulting numerical prediction must
agree with a corresponding bidimensional experimenral pressure distribution (this would
indicate that the downwash effect 15 negligible) and that spanwise velocity components
must be ticar to zero (this would sdicate that the flow is really bidimensional) should a
bidimensional flow be present i the numerical simulation.

Accordingly, following free-stream conditions of a bidimensional expenment (Rel.46)

were used :
Mach = 0.3 Re=1.86-10°
a =3.59° (angle of attack) V = 98.44m/s
. sl — ~ O
Static Temperature = 268.17 K Air density = 0.305 kg / m3

4-15




GLOVE DESIGN

Fig.4.18 RPV Wing Boundary Grid.

Fig.4.19 RPV Wing/Glove/Endplates (5 cm) Boundary Grid.
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An average of around 130 iterations were needed to achieve a converged nurnerical
prediction. A numerical solution was regarded as “converged” after a residual

reduction of 1-10™. All calculations were performed on a Silicon Graphics “Indy”

machine.

45.1 NUMERICAL RESULTS

Scope of the numerical simulation was to investigéte the quantitative aspects of the
flowfield around the RPV wing/glove combination fitted with endplates of different
shape and size. To begin with, Fig.4.20 and Fig.4.2]1 show that even very large
endplates have very little influence over the pressure distribution in the glove mid-
section, as the leading edge peak of pressure, lowered by the downwash effect which
reduces the local angle of attack, does not change significanly. This suggests that the
endplates cannot reduce significantly the downwash effect mainly due to the wing-
tip vortex, hence indicating the presence of a three-dimensional flow over the glove
even fitted with large impractical endplates. Despite this, the flow may be two-
dimensional nominally, if there are no significant spanwise velocity components. In
this case, in fact, the flow can be simply regarded as two-dimensional at the effective

angle of attack, which is the angle of attack reduced by the downwash effect.
8.006-01

endplates<Scm>
. x 2D experiment
4.000-01 - o no endplates

R ]
2.008401
Co =

0.000400 ~

6.000-01 -J

-2.006-01 -
-4,000-01 -1

-6.00a-01 -

.8.000-01 | P

-1.008400 4 ® .

M Chotd Position (m)
«1.2004+00 2 S T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2

Fig.4.20 Pressure Distribution - Endplates (5 cm).
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Fig.4.21 Pressure Distribution - Endplates (50 cm).
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Fig.4.22 Glove Stations for Displaying Spanwise Velocity Components.
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Figures 4.23-4.27 show the chordwise distribution of spanwise velocity components
(Z-Velocity) at three different locations (Fig.4.22} on the glove calculated for
different endplates. These figures show that endplates generally reduce the crossflow
down to about less than 2 % of the free-stream velocity in reference to the glove
mid-section. These results suggest that endplates can make it possible to minimize
the crossflow to a level which should not have significant effect on the development
of the boundary layer, hence in-flight testing could acquire infinite wing data at least
in the glove mid-section. This is especially relevant to the pressure measurement,
which would be performed in the glove mid-section to minimize the downwash
effect. The 50 cm endplates performed best (Fig.4.26) but they are impractical for
flight testing because of their size, as large areas before the aircraft centre of gravity
would reduce its dircctional stability by producing a destabilizing moment. The
smallest 5cm endplates could be employed for test-flying on the RPV, as they are
associated with negligible crossflow comparable with the other configurations

(excluding the 50 cm plates), and are small and light.

o |eft-section
3.00e+00 — mid-section
] + right-section

2.000+00

1.000+00 3

Z-Velocity 0.00e+00 .
(m/s )

-1.000+00 =

-2.00e+00 -1,

-3.00a+00 v T v T v T ; . .
0 0.2 0.4 c.8 0.8 1 1.2

Chord Position (m)

Fig.4.23 Spanwise Velocity Component - Endplates (5 cm)
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Fig.4.24 Spanwise Velocity Component - Endplates (10 cm).
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Fig.4.25 Spanwise Velocity Component - Endplates (20 ¢m)
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Fig.4.26 Spanwise Velocity Component - Endplates (50 cm).

o left-section
3.006400 - — mid-section
1o teehh et
1°. + righi-section
~)++
2000400 :_? +

9

1.006+00

Z-Velogity  0.00e+00
(m/sg ]

-1.008+00 -

-2.006+00 -

-3.008+00 T T T v T T T v 1
] 02 0.4 0.8 08 1 1.2

Chord Position (m}

Fig.4.27 Spanwise Velocity Component - Endplates (Special).
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We now turn our attention to the whole picture of the flow over the upper surface of the
glove, which is the more affected by 3D effects. Figures 4.28-4.31 are contour diagrams
of the spanwise velocity component (Z-velocity) over the upper surface of the glove.
Non coloured parts of diagrams indicate a Z-velocity that goes beyond the selected range
-3 m/s to +3 m/s). In these diagrams one can see that the largest area of less disturbed
flow s given by the 20 con endplates (Fig.4.30). However, as they would affect aircraft
directional stability, it is not advisable to use them in flight. The Special endplates
(Fig.4.31) rank as the second best choice, as they have latge areas purposedly
concentrated behind the aircraft center of gravity, and therefore they might be
constdered if a large arca of less disturbed flow is desired; this is indeed desirable when

flow visualization 1s conducted.
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GLOVE DESIGN

46  WIND TUNNEL TESTING

A wind tunnel investigation was conducted, in addition to the CFD analysis, to
evaluate the three-dimensional effects of the flow around a full-scale RPV
wing/glove combination and to build confidence in its pressure data acquisition
system (Ref.54). Tests were carried out in the Glasgow University “Handley Page”
low-speed closed-return wind tunnel. The RPV wing/glove combination was
supportcd by a rig which held the wing in place at the tunnel (Fig.4.32) and located
horizontally in its 2.13X1.61 metre octagonal working section (Fig.4.33). Variation
of the angle of attack of the wing between 0 and 6 degrees was produced by
manually moving a saddie at the top of the rig (Fig.4.34). The saddle rotation was
calibrated in degrees by means of an inclinometer. An aperture closer (Iig.4.35)

closcs tha gap between the wing and the wind tunnel wall. There are two sections :

1. the moving section attaches to the upper and lower surface of the wing and
slides through the fixed section when the wing is tilted
2, the fixed section attaches to the wind tunnel.

The two sections overlap somewhat to effect a seal. Experiments were conducted at

a speed of 30 m/s. The Reynolds number was 2.3 -10°.

300

2130

o -
R

Fig.4.32 Schematic of the Wind Tunnel Test Rig.
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Fig.4.34 The Wind Tunnel Test Rig.
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o

AN
hY
\- Test Rig

/ Aparture Closer Moving Section
¥ind Tunnel Wall

Apérture Closer Fixed Section

Tig4.35 Aperture Closer.

Transducers were calibrated when mounted on the glove model prior to
commencing tests by using a water gauge. The Scanivalves tube arrangement is
depicted in Fig.4.36, During testing port 8 was not functioning, consequently the
tube of port 8 was disconnected from the valve (the corresponding pressure tapping
is at X = 0.7608 mm, see orifices coordinates in Appendix D). During initial testing
the author forgot to apply a correction factor to the free-stream velocity read on the

tunnel instrument; this veloeity correction affcets the Cp values as follows :

Cp= CP srorsp

TTUK

where K = 1.1392 (Tunnel Constant). The above formula must be applied on the Cp

stored values relevant to the following configurations :

1. No plates and wing extension installed, AoA = 0-6 degrees
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SCANNER ONE SCANNER TWO
Port 0 ' Pert0
Tube 1A (VENTED) Tube (B CYENTEDD
Alss CALIBRATION PORY  pory Alse CALIBRATION FORT  port 1

Port 47 Port 47

LOYER Glsve Swface
Fx 1-30

UPFER Glove Surface
Px 31-60

TRANSDUGER

UNUSED Par{ 30 UKLSED Port 30

Port 31
Tube 24 (VENTED)

Tebe 1 (REFERENCE) Fort32 Tube 2 (REFERENCE)

WARNING : Parts Numbering appesrs to be staggered on the scenners.

Fig.4.36 Tressure Valves Arrangement.

The author included this velocity comrecton in the Fortran program written for
postprocessing display. Wind tunnel boundary corrections were not applied on the
acquired data, because their evaluation is uncertain and dubious; they tend to increase the

measured pressure values (Ref.47).

4.6.1 TEST SITRIES

Four configurations were tested, with the baseline being the RPV wing/glove
combination without endplates and with the wing extension in place. The other
configurations were produced by mounting different types of endplates (sec Appendix
D). I'urther tests were made to verify that the tip-vortex effect was stronger without wing
extension i1 place and to hetter evaluate the magnitude of this effect on the

configuration being tested.
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4.6.2 PRESSURE MEASUREMINTS

Accuracy of measured pressure values depends on the accuracy of the transducers
employed (Ref.32) and on the wind tunnel boundary effects (sce 4.6). Figurcs from 4.37
to 4.43 show pressure distributions at the measurement station necar the mid glove. Fach
fipure contains six mdividual pressure distribution readings taken at the same angle of
attack and configuration : they differ slightly and this is due to the oscillation of the
wing/glove model in the wind tunnel working section. In these figures experimental
pressure coefficients are compared against a two-dimensional inviscid incompressible
numerical solution at the same (measured) angle of attack. It can be noted that a good
agreement between measured and calculated distribution of pressure is attained at an
angle of attack (measured AoA) of five degrees, and that agrecment 18 relevant o a
calculated AoA = 4 degrees (TMig.4.41); and at a measured and calculated AoA of zero
degrees (Pig.4.37). After examining the remaining figures onc can conclude that this
difference between measured and calculated pressure distribution seems almost absent at
zero degrees of angle of attack (the little difference might be due to an error m measuring
and setting the wing at zero degrees in the wind tunnel working section) and becomes
stronger and stronger as the angle of attack increases. When measured AoA=5 degrees,
this diffcrence gets one degree. When measured AoA = 6 degrees, this difference gets
larger than one degree (Fig.4.43). In the author’s opinion the fact that such a difference
gets latger and larger as the angle of attack tnecreases excludes that this is simply due w0 a
mis-measurement of the angle of attack which the wing glove is set at, and it strongly
suggests that is mainly owing to the downwash from the tip-vortex. Indeed, the
downwash effect is cleatly visible in Figures 4.44-4.46, and in Fig4.46 in particular,
where the peak of pressure at the glove leading edge decreases dramatically when both
wing extension and plates are removed. ‘Then it can be said as a conclusion, in
accordance with the CFL analysis, that the downwash effccl cannot be reduced
significantly in the current wing/glove combination, even m the event of employment of
endplates, although the 5 cm plates scem to behave slightly better in this respect
(Fig.4.46). The pressure sensing equipment performed flawlessly and no problems were
expericneed during testing, thus qualifying the system and iis software code for flight

testing 10 the future.
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Fig.4.37 Mid Upper Glove Surface Pressure Distribution (AcA=0 deg).
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Fig.4.38 Mid Upper Glove Surface Pressure Distribution (AoA=1 deg).
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AoA=2deg (measured)
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Fig.4.39 Mid Upper Glove Surface Pressure Distribution (AoA=2 deg).
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Fig.4.40 Mid Upper Glove Surface Pressure Distribution (AcA=3 deg).
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AoA=4deg {moasurad)
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Fig.4.41 Mid Upper Glove Surface Pressure Distribution (AoA=4 deg).
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Fig.4.42 Mid Upper Glove Surface Pressure Distribution (AoA=5 deg).
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Fig.4.43 Mid Upper Glove Surface Pressure Distribution (AoA=6 deg).
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Fig.4.44 Comparison of Pressure Distributions for Different Configurations (0 deg).
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Fig.4.45 Comparison of Pressure Distributions for Different Configurations (3 deg).
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Fig.4.46 Comparison of Pressure Distributions for Different Configurations (6 deg).
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4.6.3 SURFACE FLOW VISUALIZATION

Surface flow visualization tests were conducted on the RPV wing/glove combination in
order to study the crossflow effect over the glove surface, which could disturb the
development of the boundary layer and consequently destroy the bidimensionality of the
flow. Surface flow visualization was performed by applying to the glove upper surface
odwna-o1l as the moving medium treated with Satum Yellow “Dayglo” fluorescent
powder as the indicative dye. The viscosity of the mixture was adjusted by trial and error.
Despite the name, odina-oil looked like a sort of poly glycol and experience has shown
that this matcrial has a low viscosity, making it difficult to use (Refd7); neverthless,
preliminary testing with other liquids available at the Department laboratory facility
proved them even more disappointing. Odina-oil was cleaned up with soap and water.
TFluorescent lighting permitted black and white photographs to be taken with the tunnel
off. Shutter speed and time exposutre for the camera settings were again determined by
trial and error. Photographs were retouched digitally to reduce an annoying reflex (still
visible) and to enhance the image quality. Retouching was done by varying the level of
brightness of different areas of the image. Both retouched images and original
photographs arc proposed here.

4.6.3.1 RESULTING PATTERNS

Different types (o size and shape) of endplates were fitted and tested at an angle of
attack of four degrees, whdst the baseline configuration was tested at angles of attack
between 0 and 4 degrees. Photographs (see Figures 4.47-4.54) show that endplates and
the wing extension can substantially reduce the crossflow on the upper surface of the
wing glove. Increasing the height of the endplates reduces the crossflow as it may be
expected : compare Fig4.53, which depicts the glove with endplates 10 ¢cm high, to
Fip4.52 with the glove fitted with endplates 5 cm high (note that 20 cm plates petformed
superbly in the CFID study, although they were not wind tunnel tested because of their
size). “Special’” endplates (Fig.4.54) performed best among the types tested. As it may be
expected the crossflow cifect gets larger as the angle of attack mcreases (compare
big4.47 to 1ig.4.50). 'The crossllow elfect can be cleady seen in Fig.4.51, where there are

no endplates installed and the wing extension has been removed; however, this is a case
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of academic intcrest only, as the RPV cannot fly without the wing extension (the glove
blocks the inner ailerons). It 1s concluded that, since the crossflow from the photographs
appears to be neglgible in the configurations of practical interest (the previous CFD
study showed it to be less than 2% of the fice-stream velocity at AoA = 3.59 degrees),
the flow can be regarded as nominally two-dimensional at least at the mcasurcment
station of the glove. Glove fitted with Special endplates gave the largest area of less
disturbed flow.

4.7 FINAL REMARKS

After the CFD and the wind tunnel study a conclusion can be drawn on what type of
endplates should be employed for flight testing on the RPV. It has been highlighted that
there 18 no debate upon the downwash issue, since this effect was strongly present in
every conliguration analysed. Despite this, it does make sense the use of endplates, as
they are capable of significantly reducing the crossflow effect, which was negligible more
or less in every configuration with endplates and quantified by the CFD analysis in about
less than 2 % of the free-stream velocity at the measurement station. Large endplates
performed best, but their size make them mmpractical for flight testing on the RPV.
Having said that, for pressure measurement the best compromise are the 5 cm plates,
which are small and light. If surface flow visualization 1s planned, it 15 conventent to have
as large an arca of less disturbed flow as possible, hence the Special plates would be the
best second choice. In-flight surface flow visualization is not as remote as it would seem,
since the IR techmque (Refd) would be quite suitable : it requires no surface coating,

uses remote sensing, and the same sctting is used for all flight conditions.
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Fig.4.47 Surface Flow Visualization of the Baseline RPV Wing/Glove
Configuration at AoA = 0 deg (corresponding photograph is shown below).
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Fig.4.48 Surface Flow Visualization of the Baseline RPV Wing/Glove
Configuration at AoA = 1 deg (corresponding photograph is shown below).
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Fig.4.49 Surface Flow Visualization of the Baseline RPV Wing/Glove
Configuration at AoA = 3 deg (corresponding photograph is shown below).
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Fig.4.50 Surface Flow Visualization of the Baseline RPV Wing/Glove
Configuration at AoA = 4 deg (corresponding photograph is shown below).
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Fig.4.51 Surface Flow Visualization Without Endplates and Wing Extension
at AoA= 4 deg (corresponding photograph is shown below).
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Fig.4.52 Surface Flow Visualization With 5 cm Endplates and Wing Extension
at AoA= 4 deg (corresponding photograph is shown below).
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Fig.4.53 Surface Flow Visualization With 10 cm Endplates and Wing Extension
at AoA= 4 deg (corresponding photograph is shown below).
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Fig.4.54 Surface Flow Visualization With Special Endplates and Wing Extension
at AoA= 4 deg (corresponding photograph is shown below).
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5. AIR DATA ACQUISITION

As we said earlier, scope of the RPV flying laboratory will be to perform laminar
acrofoil research by means of in-flight measurements, such as monitoring the
pressure distribution over the test profile of the wing glove. This task requires also to
know the local angle of attack in vicinity of the glove, plus the air temperature.
Dynamic pressure is required primarily to calculate Cp values which use impact
pressure as reference (see 3.7.3). Combining the temperature and dynamic pressure
data can generate true airspeed (see also equations in Ref.48). Temperature data also
generate altitude and static pressure. Similar combinations are employed to provide
the full spectrum of air data information, but all of that information has its basis in
the temperature and pressure measurements made by the sensors (Fig.5.1). Pressure
or temperature measurements of the air through which an aircraft is flying requires a
sensing element be exposed to the ambient air, All sensing clements may be heated

to prevent icing that would compromise the unit’s accuracy.

r——F """ "="—""—"—= |

| m

| ~ ~{  AIR DATA SENSORS
: NOTEBOOK :

: COMPUTER ,

| |

i |

| - — » CONTROLLER

| |

| 1 ,

' LABVIEW l

: ! ROTARY PRESSURE
l |

TRANSDUCERS

e e e e M e e e ——

Fig.5.1 Block Diagram of Data Acquisition System.

5.1 PRESSURE SENSING

The pressure distribution in mid glove surface has been measured by the SOGM
pressure multiplexer described in section 3.7.3, which is wind tunnel tested.

Dynamic pressure can be measured by the same S9GM using a pitot-static system
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connected to the Scanivalve transducers : the reference value will be again the free
streamn static pressure, while an actual Scanivalve port will measure the total
pressure, thus giving the dynamic pressure as the differential pressure transducer
output. Let us check out whether the transducer selected range (see 3.7.3) is still

appropriate. Maximum estimated dynamic pressure was :
q, =1531 Pa=0.22 psi
which is what the Scanivalve transducer will measure, being by definition :

q4.,=8F P,

«

that is pitot pressure minus static pressure. The selected transducer range was + 0.72

psi, perfectly adequate.

For pressure measurements, flush ports, pitot-static probes or pitot probes provide
access to the air for free stream static and/or total pressures (Ref49). Impact
pressure resulls from force of the moving airstream against the aircraft as it flies.
The force of the moving air against the back of the closed tube (called a pitot probe)
facing into the airstream creates impact pressure. More challenging than the pitot
measurement is obtaining accurate static pressure, that is because the aircraft
influences and disturb the atmosphere through which it flies. The disturbed -~ -
atmosphere in turn affects the ability to get an accurate static pressure measurement.
One commnion way to measure free stream static pressure involves the use of flush
static ports on the sides of the fuselage, but this solution requires finding locations
on the aircraft fuselage undisturbed by moving air, by performing an extensive study
of the aircraft pressure distribution. For this reason the author prefers placing the
free stream static pressure measurement location off the fuselage, on the head of a
pitot-static probe. By moving the static pressure measurement away from the surface
of the aircraft the errors and repeteability problems caused by the fusclage are
largely eliminated. Fig.5.2 shows a miniature pitot-static probe with static and total
head pressure pickups, specifically designed for RPVs; vanes for angular

displacement measurements (see 5.3) are also visible.
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Fig.5.2 100400 Mini Air Data Boom (Courtesy of Endevco UK Ltd).

5.2 TEMPERATURE MEASUREMENT

Air temperature measurement devices can be easily incorporated in a pitot-static
probe. Four types of sensors are available, being based on the same principle, that is

an element which changes its electrical resistance with any air temperature changes :

* resistance temperature detector (RTD)
o thermistor

» thermocouple

» solid state resistor (SSR)

RTDs and thermistors are a relatively common class of devices used for measuring
temperature. RTDs are used in the temperature range of -270 °C to 1100 °C to give a
measurement accuracy of £ 0.5 % full scale. They have a linear response, but a big
disadvantage is the extra care required in the connection wiring, which can alter the
total resistance of the RTD and affect the measurement. Thermistors are much
smaller and cheaper but since they use semiconductors, their response is definitely

non-linear, although they give a fast output response to temperature changes; on the
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other side, they have a lower measurement sensitivity than RTDs, because their
small size makes the self-heating effect greater. Thermocouples have high accuracy
(£ 0.2 %) but their response is not quite linear. In addition, they require a “reference
junction” to be mantained at ¢ °C, thus making them impractical. In conclusion, an
SSR seems the best solution, and indeed is very much the norm on air data booms.
An SSR has a linear response with a VDC output (VDC output is more desiderable
than a VAC one because the latter requires a more complex pickup installation
involving a bridge), and wiring will not affect the measurement. It is a device
avaiiable in different Ohms valucs : being the voltage the same, the higher the
resistance, the lower the current, but higher the noise; it is advisable to choose a
middie value. Temperature range also varies; -5 - +30 °C range should be sufficient
for flying at 1000 ft during summer. LM135H (Ref.50, p.1-1165) shown in Fig.5.3
is a possible candidate; it has a rather uncommon output proportional to °K. An SSR
is relatively expensive compared with other sensors (LM135H costs circa nine

pounds).
53  ANGULAR DISPLACEMENT MEASUREMENT
We need to measure two angular displacements :

« angle of attack
« angle of sideslip

which both are a measure of absolute angular positions. Rotational displacements

can be measured by four types of devices :

e encoder

s resolver

® sSyncro

s potentiometer

Encoders are out of consideration because they measure a relative angular
displacement only. The other two arc expensive and have a VAC output. This leaves
the serve potentiometer as the remaining choice, which is universally used in our

application.
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AIR DATA ACQUISITION

Inside a servo potentiometer there is a wiper that rotating changes instantly the
lenght of the resistor in contact with, thus yelding a linear voltage rcsponse. Note
that the electrical rotation ol a potentiometer may be larger than the mechanical one :
the latter cannot be exceeded because of mechanical failure. Fig.5.3 shows a
possible candidate, the SPECTROL 158 Series continous rotation servo
potentiometer (Ref.50, p.1-732), with a resonable price. Usually a vane is
mechanically coupled to a potentiometer pickup which provides an output signal
proportional to vane travel, thus measuring angles of attack and sideslip. Vanes are
are commercially available either as stand-alone elements or as flow angle sensors

incorporated in pitot-static probes (Ref.51).

5.4 LOCATION OF AIR DATA SENSORS

On the market are available so called multifunction probes, which have incorporated
vanes for flow angle measurements in addition to the already present pitot-static
system (Fig.5.2). Others, more sophisticated models, provide pitot and static

pressure measurements in addition to pressures used to calculate angle of attack and

angle of sideslip (Ref.52), thus reducing external sensors in number and reducing---

mounting locations. This contributes to aircraft weight savings; however, a single
multifunction probe positioned off the RPV nose would not measure the “local”
angle of attack in the vicinity of the glove, that is an angle of attack affected by the
fuselage interference and three dimensional aerodynamic effects (see 4.1). Hence, in
the author’s view should be favoured a solution which involves positioning a stand-
alone wing-mounted flow angle sensor (Fig.5.4) near the glove for measuring the
local angle of attack, and a multifunction probe off the RPV nose to measure angle
of sideslip and free stream pitot-static pressure (Fig.5.5). All air data sensors must be
comnected to the ADC card (see Fig.5.3 and section 3.7.6) : they are subject to the
same interface considerations of section 3.7.7. Basically, there are iwo ways to

implement the above concept : an in-house solution and a commercial solution.
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Fig.5.5 Flying Laboratory Sensors Location (Present Study).
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AIR DATA ACQUISITION

Certainly the in-house solution is cheaper and could employ the sensors selected in
the previous sections (subject to market availability), but it needs design expertise,
and most of all manpower and wind tunnel time. In addition, the in-house solution
must develop a swivel-head air data boom (Fig.5.6) with static and total head
pressures obtained from a gimbal-mounted weathervane nose that swivels at least in
two directions, in order to account for pitot etror, since reliable pitot pressure
sensing requires a probe constantly parallel to the airflow. Conversely, commercial
straight-nose boom pitot inlet designs have been refined through years of
aerodynamic research for accurately measuring pitot pressure when the local flow
angle at the probe is not aligned with the probe head. There are even so-called
shielded pitot probes that can provide essentially zero pitot error to + 50 degrees

flow angle and beyond.

Fig.5.6 Typical Swivel-Head Air Data Boom (Courtesy of Endeveo UK Litd).
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ATR DATA ACQUISITION

55  ISOLATION REQUIREMENTS

The main concem 18 isolation of the RPV dara acquisition system from thermal noise
and interference of sparks from the engine ignition system. The twao-stroke engine sparks

will generate spikes within the following frequency range :

* 107 Hz (max power, 6400 rpm)
® 37 Hz (idle, 2200 tpm)

Other notse sources might occur in the amplifying elements of the ctrcuitry, owing to the
candom trapping and rclease of clectrons in energy levels and other statistical

phenomena (Ref.53).

An obvious and effective way 1o reduce the effects of external interference is to prevent
its introduction into the system. The use of differential tnputs to the ADC card is highly
advisable (differcatial inputs were used dunng the wind tunnel test, too), along with
some signal filtering. In our measurement situation the physical quantities being
measured have a value which is either constant or changing slowly with time. Qur
maximuin sampling rate will be about 20 Hz while from the above we can see that the
estimated noise component freguencies are higher. In this circumstance the signal

processing element required would be a 30 Hz low-pass filter.

5.6 CAA REQUIREMENTS

The Condor will be a civilian operated RPV and under such a status will come under the
jurisdiction of the British Civil Aviation Authority and the rules laid down by it. The
CAA was contacted and the outcome appeared to be that the RPV would need to
comply with the Air Navigattion Ogder to be treated as an awcraft wath exceplions
granted on the basis of imited usage. Whilst not exhaustive, the following is a list of the

restrictions o comply in order to fly the Condor :
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AIR DATA ACQUISITION

- Prohibition from flying :

1. in controlled airspace or in an aerodrome traffic zone, except with the permission of

the relevant awr traffic control unit

2. at a height exceeding 400 feet above ground level;

3. for aenal work (L.e. for hire or reward) without the Authority permission ;
- not beyond 1000 metres from the operator, or visual range if less ;

- not within 500 metres of any congested area of a city, town or settlement ;

- not within 500 metres of any person, vehicle or structure, except during take off and
landing when this distance can be reduced for persons necessarlly present for the safe

operation of the RPV ;

- not without a serviceable mechanism that will land the RPV in the cvent of a fatlure of

its control systems or radio hnk ;

- not without the operator of the RPV ensurng that any load carried by the RPV s

properly sccured.

5.7 COMPARISON BETWEEN WIND TUNNEI. AND FILIGHT

When compadisons are made between tunnel and flight there are uncertanties in the data
obtained by each method. It is beyond the scope of this section to address the matter in
detail; only note the different Reynolds number (an increase from 2 to 3 millions is
possible within the Condor flight envelope) and the fact thar flight test data ofien 13
acquired while the atreraft is accelerating : this makes the maximum lift coefficient higher

than the true one (Ref.47).
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AIR DATA ACQUISITION

5.8 COSTING

Cost 1s the main reason behind the decision to devclop an RPV flying laboratory. The
selected pressure sensing apparatus costs around £ 7500 in current UK. prices. A
notebook computer complete with data acquisition catd and signal conditioning modules
costs around £ 3000. To this figure are to be added the cost of two RPV atrframes, a
flight control system, a parachute recovery system, and an air data acquisition system.
The construction materials used for the manufacture of the glove are inexpensive. CFD
and wind tunncl testing included, the total devclopment cost is estimated at under £
30000. 1t should be possible quite quickly to recover this inttial outlay because of the
RPV cheap cost per flight hour rate, that 1s estimated at £ 30 per hour, which is
considerably less thar £ 500 per hout of runnmg cost of the University of Glasgow wind

tunnel. The following page contains a table with the purchased part list (T'ab.5.1).
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6. POSSIBLE APPLICATIONS

UAVs, unmanned vehicles operating in the air, can do jobs too dangerous for human
presence, and can carry sensors or manipulators of very low weight. In addition, their
operating cost is generally cheap compared to that of a manned aircraft. After the initial
pump priming phase it 5 covisaged that the Condor will be again modified to
demonstrate the suitability of the vehicle for a vanety of civil applications. Possible
modifications would be 1o include environmental and atmospheric monitoring
cquipment  {Ref55), communications relay equipment (Ref56), surface mapping
equipment, video and photographic cameras, infra-red and thermal sensors, accurate
position scnsors, floats for amphibious craft research (Refi14), and a radio altimeter for
ground effect rescasch. In this chapter a simple modification of the wing glove is
presented: we could fly the Condor with ice shapes on, in order to study the icing of
aircraft surfaces. It is an example of the many avenues that the Condor vehicle operation

could open up.

6.1 ICE TEST

Teing of aircraft surfaces 18 a well-known phenomenon which occurs under certain
meteorological conditions and 1s potentially dangerous. In patticular, tce formations on
the wing of an aircraft alter its aerodynamic profile causing a dramatic reduction in the

lifi force and, in severe icing conditions, even a fatal stall.

RESIDUAL ICL SITAPIR ACCRETLD ICE SHAPE

1/2” i
$ TYPE A N P

1/4”
<>

I'YPETR

Fig.5.7 Wing Leading Edge - "L'ypical Ice Shapes (Courlesy of British Aeraspace).
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APPLICATIONS

The Acrodynamic Office of British Acrospace at Prestwick provided ewo typical ice
shapes, named “A” and “B” (Fig.5.7) in the following, Ice type A is a typical residual 1cc
shape, while ice type B is a typical accreted ice shape (critical). Wooden bars were shaped
accordingly and attached on the leading edge of the glove fitied with 5 cm endplates, in
order to simulate ice type A and type B formation. The same setup and tunnel conditions
as descubed m scction 4.6 were used. A selection of measured pressure distributions is
shown in Figures 5.8-5.11. Fxamination of the above figures leads to the following
general observations :

1. Lift reduction gets larger as the AoA increases

2. Ice type BB causes a more marked reduction in lift compared to that caused by ice
type A

3. Icc type A does not affect significantly the pressure distribution over the lower
lifting surface

4. Ice type B pressure distribution over the lower lifting surface at AcA = 2 deg
(Fig.5.10) ts more disrupted than that at AoA = 4 deg (Fig.5.11); this is probably
duc to the different position of the stagnation point.

AoA=2deq {measurad)
T T

clean |eading sdge
clullered Isading edge -~~~

= S _
+ ‘f-':-, _’
P,
WING EXTENSION : PRESENT

ENDPLATES TYPE : 5CM "
ICE TYPE A

Fig.5.8 Chordwise Pressure Distribution at AoA = 2 deg (Ice Type A).
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AcA=4deg {measured)
14 k) ¥ T 1 ¥ T

T T T

ciean leading edgs
cluttered leading edge -~----+

_hi‘::?h#q

3 + i — R e SN
o _ Bt ~h N
- et Ty
1:1] -
*j
WING EXTENSION : PRESENT
ENDPLATES TYPE : 5 CM
ICE TYPE A
-1 L 1 1 1 t ) 1 ) A
0 V| 0.2 03 0.4 05 a8 0.7 08 0.9 i

XIC

IMg.5.9 Chordwise Pressure Disiribution at AcA =4 deg (Ice Type A).

AoA-=2deg (measured)
T ] ¥

clean lsading etne
cluttered leading edge -+ -

-Gp

WING EXTENSION : PRESENT
ENDPLATES TYPE : 5 CM .
ICE TYPE B

o 01 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1
XiC

Fig.5.10 Chordwise Pressure Distribution at AoA = 2 deg (Icc Typs B).
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AoA=4deg (meastred)
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Fig,5.11 Chordwise Pressure Distribution at AcA =4 deg (Ice Type B).



UNRESOLVED PROBLEMS

There are still problems to be solved in order to get the RPV Condor to fly. This
section identifies problems which ate still unresolved and tasks to be accomplished in

order to complete the wotk.

SECITON(S) OF

AREA REQUIRED TASK(S) INTERTIST

Completion of dual rudder
construction; installation,

ground and flight testing, —

Dual Rudder

Fitting the RPV airframe

with a fixed landing gear.

Landing Gear 3.4

Fitting the RPV aitframe
with a parachute recovery
system; system ground and
System flight testing,

35
56

Parachute Recovery

Provision of current for
the

on board instrumentation.
Soutce of cuttent is the
on-

hoatd alternator.

Elcctrical System Chapter 5

Appendix C

Replacement of curtent -
witing with screened cables
and replacement of cutrent
battery with acid-lead ba-
treties; modification of ail
fly-leads to accept these
non-standard components;
radio programming; system
ground and flight testing.

Flight Control System 3.6

Provision of pitot-static
probe, flow angle sensor,
temperature sensor; inte-
Air Data Sensors gration of existing software
digital interface with new
SENSOLS,

Chapter 5
Appendix A
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4. Tunlab User Reference

1.1 WHAT IS TUNLAB
Tunlab is a program designed and configured to perform pressure measurements over the

mid surface of a wing glove in a wind tunnel and along with a ceftain combination of
hardware, which includes a National Instrument DAQ-700 card plus cottesponding driver

installed and a Scanivalve SGM module with two pressute scanners. Tunlab itself must run
in a computer with Windows95 as the operating system and be capable of supporting

Labview (version 3.1 or later), the Tunlab native software development platform.

Auqy other use should be regarded as inappropriate and it is likely to lead to wrong results,

occasional malfunctions, incorrect data display or even to a computer crash, This warning

also applies when engineering units different from those requested are entered (Tunlab uses
standard ST units). However, the author estimates that the program could be easily adopted

to petform other types of pressute measutement, by using the same combination of
hardware and by making minimal changes to the code, In the latter case the code ought to

be re-validated. i ’ -

In its present state Tunlab acquires 60 pressure values, but with a small change it could

acquire a maximum of 92 pressure values (this is a constraint of the Scanivalve SGM
module).

Tunlab was validated by runming a numerical simulation and by use in a real wind tunnel

environment. The code performs some vital checks duting the acquisition process (see

scetion 2), in order to ensure that only reliable data are acquited, although it does not check

everything. For instance, when Tunlab has to save a file on the hard disk, it will not check

whether there is enough disk space.

Please note that if you want to install Tunlab from scratch you need io replace file named "dagdrv™ of
Labview Sindent Edition with the one dated September 22, 1997, which is in the disk enclosed to this
mannal. You will also nsed to instal] Labview and NI-DAQ for PC compatibles version 4.9.0f1 drivers.

Usnless otherwise noted, no part of this manual requires previous Labview experience.
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1.2 HOW DOES TUNLAB WORK
Tuniab is the digital interface of the data acquisition system in fig.1. Pressure values of the

tubes coming from the wing glove are converted into analogue signals (voltages) by
differential pressute transducers (two in the present configuration, one per scanner). The
analogue signals are fed into an ADC (a2 DAQ-700 card) and acquired by Tunlab, which
converts them into enginecering units and eventually stores them in the form of non-

dimensional cp values and voltages in the computer’s hard disk.

LARVIEW 3. @ Wing Glove !
Tubes /

DAQCand-700
: lo(u!nfuncliun Card

CTLRZP/52-56
Contreller

SAMS5-48 "~ 48590M-1
Solenoid Drive Ol Seanmer

Fig.1 Wing Glove and Data Acquisition System

In order to load Tunlab, double-click the Labview icon in the Windows95 desktop. After a
few moments, 2 blank, untitled panel window appears. You can safely ignore it. Select Open
from the File menu; next, open the Tunlab folder by double-clicking on it. Finally, double-

click on tunlab.vi to open it. After a while, the Main Front Panel appcars, as shown in fig.2.

A3
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1.3 THE TUNLAEB ENVIRONMENT

1.3.1 Main Front Panel
The panel in fig.2 is what should appear on the screen if Tualab has been loaded cortectly.

It is the Tunlab’s main panel. From here the user sets device parameters, displays the
acquired data and checks that everything is taking place as planned. Any value in any
“control” cell can be changed by clicking on the cell and editing 2 new value (the cutsor gets

hand-shaped when it is near a cell). However, the new values will not be saved after quitting

-~ " — 1
SCANIVALVE SGM MODULE DIGITAL INTE] |
[Wexsion| |
3. [Pevid [DAQ-703 CARD CONRIEURMT] [CONTROLLER CONFIGURATIO] {
figh I: A [Chanme! c cw B Por: Num] 55
= " T )ofseq ——
#su voi| [0 T gse [values/Steps in 8 80 .00 .80 .0 o 1
(Lo L Channej [E Jreading Ty [stap Tontral o N fLin
E=4.90 vol! _\L___J @Vﬂlues in Scf I b ? : ] H@
00 .02 .os T -
_— D PPOWER DATA_PLO}
DATA HEADER r ; —
i3 E E E Alpba o s JJDATA PLO]
UPDRIE of o] Alpha shee,f-0000- -
Alpha :|—]. 7500- 3
| ACQUISITIE [YOLTAGE READING) Aoquird-—-. 5000-
- o, R .
ENABLE .g_ [_. _L'IL fro1 . 2500
& [_50.20{_:_(: . 0000 L
0- 0.000¢C (OVERVOLTAG! .2500-
CALIBRATIY . F —
= 3, 0 0.00 | — G L5000~
ENABLE L. ¢- L7500
o -ouuo-
. .2500-
. . ,_.—-—— T Lo 1.‘_'1'_ T n- T
offqglc-.uuun'M@gm] w51) B ] | 2030000730 E 36D 0E DL L
e ) (c) Mauxd PArid

Fig.Z Main Front Panel

the program. In order to save them you need to have some knowledge of the Labview
environment and read section 2 to modify the code accordingly. Please note that a value in
an “indicator” cell cannot be edited from the keyboard as it is intended for displaying output
data only {such as Offset] in “M" of fig.2).

The Main Front Panel will be described starting from the top. A similar set of features has

been grouped for clarity whenever possible. Refer to fig.2 if otherwise noted.
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Conirol Parameters

The area marked as “A” conrtzins some ADC control parametets. See fig.3 also,

High Limit

Specifies the maximum voltage the ADC card measures. The default value is 4.90 V.

Low Limit

Specities the minir;um voltage the ADC card measures. The default value is -4.90 V,
Channell

Identifies the analogue input channel to be measured by the transducer number one. The
default value is zero.

Channel2

Identifies the analogue input channel to be measured by the transducer number two. The
default valuc is one.

Device

Is the device number assigned to the DAQ-700 card. This value is used by the operating
system.

The area marked as “B” contains some control parameters for the Scanivalve CTRL2P/S2-
S6 controller.

STEP Part Number

Specifies the port configured for a high logic state digiéal output. The default value is Zero,
STEP Line

Specifies the individual line within the port to be used for sending a STEP command to the
Scanivalve controller.

STEP Control

Sets the pause between two STEP commands. The default value is 0.05 seconds, which is
based on the Scanivalve recommended scanning rate of 20 ports/sec.

HOME Port Number

Specifies the port configured for a high logic state digital output. It must have the same
vatue of the STEP Port Number. The default value is zero.

HOME Line

Specifies the individual line within the port to be used for sending the HOME command to
the Scanivalve controller. The default value is one.

HOME Control
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Sets the pause between 2 HOME command and a subsequent STEP command. The default
value is set to two seconds, which will work well with most of the “ports in use”

configurations.

Analog Input Ground JTR 2
Differential Analog Input §aR 4% from Transducer one channel 0]
Differential Analog Input §SR 88 from Transducer two [channel 1]
B8 | ACHIO
10} ACHIY
ACH12
ACH13
ACH
ACH

Analog Input Ground

*

-l
N

14
18

BIRIR(R(B|a(a][s
THE

Output Digital Data Line
HOME CONTROL {port 0, line 0]~
DOUT2

DOUT4

1EBE8888H80E

Output Digitat Data Line
STEP CONTROL  [port 0, linc 1

slnjal218i9]%i8
plalrinjs|ul8|R]8

Power Supply for the PCMCIA Bus Digital Ground

Fig.3 DAQ-700 Card 1/O Connector Pin Assignments
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Note: The default values in “A” and “B” will wotk well with the DAQ-700 I/O connectot

pin assignments of fig.3, If other assignments are used, the defaule values need to be

changed.

Nunserical Controls

The area marked as “C” contains numerical controls useful to set the way a data acquisition
will be performed.

Reading Cycles

Specifies the number of times you want to perform a scanning session. It must be a positive
number. The default value is irrelevant.

Values/Steps in Scanner

Tunlab is designed to handle two Scanivalve scannets (model $9). The so-called scanner
number one refers to chaanel zero of the ADC card and it is regarded as the “master”
scanner, where the total number of steps of a scanning scssion are set. The so-called scanner
number two refers to channel one of the ADC card and it is regarded as the “slave” scanner,
because it will follow suit even if the total number of px tubes connected to it is lower than
the total steps set in the master scanner. This atrangement allows to acquite a different
number of pressurce values in the slave scanner from the master scanner, despite the fact that
they step simultancously during a scanning session. Values/Steps in Scanner] must be equal
to the number of pressure values to be acquired by the master scanner and never less than
Values in Scanner2 (see following description). It must be a positive number. The default
value is irrelevant.

Values in Scanner2

Specifics the number of pressure values to be measured by the slave scaaner during a
scanning session. It must not be greater than Values/Steps in Scanner] and it must be a
positive number or zero. If it is zero the slave scanner (scanner number two) is inactive. In
the latter case at least the reference tube and the two vented tubes used to read the offsets
must be connected (see fig.4). Actually Tuniab requires that tubes carrying the px values to be
measured niyst be in between the two venled twbes measuring the offsets (fig.d shows the recommended
configuration - se¢ also 1.4). The default value of this parameter is irrelevant.

Switches

The area marked as “E” contains two switches.
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Poweyr Switch

Must be “ON” in order to acquire data. If Tunlab is launched and the Power Switch is in the
“OFF” position, there will be a warning message and then the program will be quitted.

Data Plot Switch

Must be “ON” in order to display data in real-time in the monitor marked as “1.”. 1f the
Data Switch Plot is OFF and Tunlab is launched, the program will run normally but the

monitor marked as “L” will remain blank,

SCANNER ONE SCANNER TWO

Port 0
Tube 14 (YEWTED)
Also CALIBRATION PORT Port |

Port 47

LOYER Gleye Surface
Px $-3D

TRANSDUCCR
PDER2ED

PortQ
Tube 1B (VENTED)
Alsc CALIBRATION FORT  p,oq

Fort 47

UFPPER Gloye Surface
Px X1-60

TRANSDUCER
PDCRZ3D

UNUSED Fort30 UNUSED Port3D

Port 31

Tube 2A (VENTED) Port 31

Port 32 Tube 2B EVE!TF_D)

Tubr 1 (REFERENCE} Tube 2 (REFERENCE)

WARNING : Porte Numbering appears to be staggered on the scanners.

Fig.4 Scanivalve SGM module recommended atrangement

Buitons

Buttons of the Main Front Panel are located in the area marked as “D”. There ate three
buttons whose functons are described in the following,

Data Header Button

Activates the Data Header Update Panel (see fig.5). Click on this button whenever you wish
to update the data header of your files. If the header is not updated at the end of a test run

(called in this manual as data acquisition session, too) #be subsequent test run uses the same beader

of the previous one.

Acquisition Button
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Activates a data acquisition session. Scanning sessions are performed as many as indicated by
the Reading Cycle cell in *“C”,

Calibration Button

Activates the calibration Panel (see fig.6). Click on this button whenever you wish to
calibrate the two transducers of the Scanivalve SGM module.

Indicators

There are four indicatoss located in the arcas marked as “G”, "H”, and “M”. They arc
described in the following,

Overvoltage Indicator

Turns to red when a voltage is outside the range High Limit-Low Limit in “A”. In this casc
an etrot message is displayed along with a CONTINUE and a STOP button. Clicking on the
STOP button will stop the program and control will be returned to Labview; by clicking on
the CONTINUE button you can keep acquiriﬁg data being aware that the previous value is

unreliable (the latter case is not recoml"nendcd)‘.

Stepping Check Indicator

Turns to red and display “ERROR” when the stepp.ing check fails (see 2.1 for more details).
An error message will appear along with a CONTINUE and a STOP button. Clicking on
the STOP button will stop the program anc.l control will be returned to Labview; by clicking
on the CONTINUE button you can jump to the ne:ét scanning session (if any) and all the
data of the current scanning session arc discarded (neither displayed nor stored).

Offest] and Offset2 Indicators

Show the offset value measured from transducer number one and two, duting 2 scanning
session. The offset values are updated at each new scanning session.

Monifors

In the Main Front Panel there are two monitors. They are desctibed in the following.

Voltage Readings Monitor

Is allocated in the area marked as “F”. It shows a set of four curves. The top and bottom red
curves are the High and Low Limits in “A”, respectively. The green curve shows the
voltages which are being measured from the master scanner, while the cyan curve shows the
voltages which are being measured from the slave scanner (number two). Sometimes only

part of the cyan curve is converted in cp values and stored. This is because the slave scanner
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performs as many steps as the master scannet, but only useful values from the slave scanner
are displayed as cp values and saved, although they are displayed all as measured voltages,
Data Plot Monitor

Ts located in the area marked as “L”. It shows a set of four cutves. The first three curves
(starting from the top) ate pertinent to different angles of attack and are experimental data
on the NACA 0012 taken from the literature. The green curve is a cp distribution at 4
degrees of angle of attack, the yellow one is at two degiees, and the red one is at zero
degrees. They are meant to be guidelines for a rough visual check only, since the refer to 2
Mach number and a Reynolds number higher than those achievable in the “ Handley Page”
wind tunnel of the umiversity of Glasgow. The fourth curve (white) is the real-time cp
distribution over the mid glove surface measured during a scanning session. If more than a
scanning session has been set (that is, Reading Cycles is higher than one), at the end of a
scanning session the monitor will be cleared and a new curve of cp values will be displayed,

and so forth. The “guideline” curves stay the samc, of course,

1.3.2 Data Header Update Panel
This panel is a graphical interface which allows the wser to interactvely input the
information required for a file data header of a test tun, Tt is vital to enter this panel (by

clicking the Data Header Update Button in the Main Front Panel) after each data acquisition

[DATA HEADER UPDA]

[nalculnted g
, B
Run Humby . J Temgrraci 2730 T [Reynoids Ko, G0OE-0 |
[Cate (day/montb! I {runnal sp{ﬂ4ﬁ.0 “:;\13
Plates T H [nir Den[&l.l’ZS {kg/m~}
[ryramic Predln. 00 |2a]

Fngle of A . ] J Fiscod 5[1.789[8] fis7m"]

Scepping (8.3 sec |

! C DONE |

Fig.5 Data Header Update Panel
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session and change the Run Number in the corresponding cell. In fact this value is used by
the program to name the two files generated by Tunlab at the end of each data acquisition
session (see 1.4.1). The panel is indeed quitc simple and does not require much explanation.
A similar set of features has been grouped for clarity whenever possible. Refer to fig.5 if
otherwise noted. ‘

Control Valnes

The area marked as “A” contains some “control” cells which must be filled with the
information required. Some of the values must be entered in accordance with the displayed
engineering units. Here is a list of them :

- temperature must be in Kelvin degrees;

- wind tnnel speed must be in m/s;

- air density must be in Kg/ m’;

- air viscosity must be in Ns/ m”® (or equivalent SI units).

Qutput Values

The area matked as “B” contains values which are a tesult of calculations made by the
program, based on the data entered in “A™. As a result, they do not require an input from
the keyboard.

Buttons ) o
There is one button only and is marked as “C” in fig.5. The DONE button should be
clicked when all the requested data in “A” have been entered. When the DONE button is

clicked Tunlab saves the data header and returns to the Main Front Panel.

1.3.3 Calibration Panel

This panel is accessed by clicking on the Calibration button in the Main Front Panel. The
panel allows the user to calibrate the two pressure differential transducer of the Scanivalve
SGM module simultaneously. The panel was conceived for a calibration which uses a water
gauge. It is described in the following starting from the right side. A similar set of features
has been grouped for clarity whenever possible. Refer to fig.6 if otherwise noted.

Qutput Values

A1l
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In the area marked as “B” voltages measured from scanner number onc and two are

displayed at the end of the calibration, Initially they stay blank. In the area marked as “G”

offsets and voltages after each reading from the water gauge are displayed.

[CALIBRATION PAY

VOLTAGE VALUES READ FRCM SCANNE]

VOLTAGE VALUES RPAD FAGM SCANNE] B
{00000 Jooeoo o o660 J[o.0000 }[0.0000 40,0000 J[0.0000  J[0.0605 . 08006 _J‘
TDIFFERENTIAL PRESSURE VALUES R ©
!o.unnomgin.un_qcx+]E]u.oooumgo.oooom T2 ao0oE+Jiio, .00 . CO00E+| A
B D Scanner | PAG-700 &
- [E] Voltage (Pressure) VaJ OFFSET VALUE m Scanner |- NFIGURAT TN
RPN . ACQUIRE 0 ; Pevid
-0 | ACQUYKE ll,ou_:_:x.
.0- -1.58
PRESSURE VAL 0. . Toh
1 -0- -

G
OEfee0.0000] [voltag]v.0od0 ) 0 %
DONE —

Offse:0,0000] foltagfe.o000]

0. N 0.1 R

Fig.6 Calibration Panel
Control Values

In the area marked as “C” the uscr enters the differential pressure values read from the water

gauge.
Butions
The area marked 2s “D” contains four buttons. They ate described in the following.

Offset Value Button (red)

By clicking on this button the user tells the program to acquire the offsets of transducer

number one and two, respectively. The two acquired offsets are displayed in “G”.

Voltage to Read Button (orange)

By clicking on this button the user tells the program to acquire the voltages of transducer

number one and two, from the tubes connected to the water gauge. The two measured

values are displayed as digits in the cells in “G”™ and as points in monitor “E”,
Pressure Value Button (violet)

After clicking this button the program will accept the pressure value inserted in “C”,

Al2
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Done Button
By clicking on this button the user returns to the Main front Panel. As soon as the last

pressure value is inserted in “C”, the calibration curves are displayed in monitor “F” and

saved.

1.4 TUNLAB AND DATA ACQUISITION
In this secton two practical sessions with Tunlab are described. One is a data acquisition

session, the other a calibration session. The scope is to make the user familiar upon how to
manage Tunlab’s controls in practice.
Warning : ASCII file x_glove.txt containing the pressure tappings’ coordinatcs might

need to be modified if a configuration different from that in fig.4 is adopted.

1.4.1 Anatomy of an Experiment

Supposc you age in front of your laptop with a wing glove in the wind tunnel ready to be
tested. You may want to check that each tube works correctly before starting the
measurements. Use for this purpose the Analog 1/O opton from the Test menu of the
NIDAQ Configuradon Udlity, after reading pp.332-334 of “Labview Student Edition Uset’s
Guide” by Lisa Wells. Just double-click on NIDAQ Configuration Utility in the Labview
group window under Programs of the Windows95 desktop.

If the check is positive, all you need to do is to load Tunlab, Follow instructions in
paragraph 1.2 in order to load Tunlab successfully. Now you should be in Tunlab’s Front
Main Panel (refer to fig.2). Check the values in “A”, “B”, and “C” and changc them
accordingly, if necessary. In “E” click on the Power Switch to put it ON, and click on the
Data Plot Switch if you want the measured cp values to be displayed in monitor “L” (this is
very much the norm). Run Tunlab by clicking on the run button, which is the first icon with
an atrow on the Labview menu bat, at the top right corner of the screen. If you cannot
locate the run button, read p.9 of “Labview Student Edition User’s Guide” by ppLisa
Wells.

Once Labview is running (you will see that the run button has changed in appearance) you

are in bussiness. First, you create a data header by clicking on the Data Header Update
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button (refer to fig.5). Enter the requested information in “A”. If you ate asked to replace a
file click on the OK button that appeats. Note that Run Number of this panel is an
alphanumeric string of maximum seven characters. This is a restriction of the operating
system, as the string will be used to namc the files which contains the saved data. If you
enter a string with mote than seven characters, at a certain point the program will ask you a
filename. Actually the maximum allowable length of 2 filename in Windows95 is eight
characters, but we need one in resetve since the filename with the measured voltages is
automatically generated by adding a “v” to the run number alphanumeric string. Click on the
DONE button to return: to the Main Front Panel.

Next, as you have got a data header, you can commence to acquite data. Click on the
Acquisition Button. You should see the offset values in “M”, and the measured voltages as
points in monitor “F”; when the scanning session is over, the calculated ¢p values (the white
curve} are displayed in monitor “L”, along with the “guideline” curves. The indicators “G”
and “H” should remain neutral in’colot. If you have set more than a scanning session in
Reading Cycles in “C”, a new scanning session will be started automatcally. New offset
values will appear in “M”, and new points in monitor “F”. At the end of this new scanning
session, a new curve of cp values will be drawn in monitor “L”, and so forth, At the end of
the last scan, the data acquisition session is over, and data are saved automatically. Fox
instance, if your Run Number was the string "test1”, ‘you will end up with two files named
“test]” and “testlv” in c:/lvse/ containing the cp and voltage values, respectively (for a
description of these files see 2.1.3). These files can be tead by any text-editor. To quit

Tunlab, simply select Exit from the File menu.

1.4.2 Anatomy of a Calibration

Suppose you want to calibrate the two transducers of the Scanivalve SGM module. You
need a water gauge readily available and possibly a partner who will operate it. The water
gauge should be equipped with a valve so that the offset of both transducers can be quickly
measured before each pressure value from the water gauge is acquired. Follow instructions
in paragraph 1.2 in order to load Tunlab successfully.

Now you should he in Tunlab’s I'ront Main Panel (refer to {ig.2). In “E” click on the Power

Switch to put it ON, and Run Tunlab by clicking on the run button, which is the first icon
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with an arrow on the Labview menu bar, at the top right corner of the screen, If you cannot
locate the run button, read p.9 (exercise 1.1) of “Labview Student Edition User’s Guide” by
Lisa Wells. Once Tunlab is running (you should see that the run button has changed in
appeatance) click on the Calibration button and comply with the following mode of
operation. You should now be able to see the Calibration Panel (refer to fig.6).

Step 1

Check the value in Voltage (Pressure) Values to Read at the top of monitor “E”. The default
value is nine and ought not to he changed.

Step 2

Decide which nine values of differential pressure will be measured by the water gauge during
the calibration process. For example:

20 -15 10 5 0 5 10 10 15 20 inches H, O

is a good choicc, considering the sensitivity range of the Scanivalve transducer (model
PDCR23D). These values must be converted into pascals before entering them from the
keyboard.

Step 3

Calibration can commence. The valve has been switched so that the tubes ate disconnected
from the water gauge. Click on the Offset Values button (red) in “D” to measure the offsets,
which will be displayed in “G”. T
Step 4

The valve has been switched so that the tubes are connected to the water gauge. Following
the example valucs of step 2, -20 inches Ho O has been set up. After a few minutes {in otder
to allow the water gauge to build up the requested pressure) click on the Voltage to Read
button (orange) in “ID”" to measure the voltages coming from both transducers, which will be
displayed in “G” as digits and in monitor “E” as points.

Step 5

Click on the first cell in “C” and enter the pressure value set up on the water gauge (-20
inches H,O in our example). Next, click on the Pressure Value button (violet). The
program will accept the value.

Step 6

Go back to step 3 and repeat the sequence up to step 5 until all nine pressure values ate

entered in “C”,
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As soon as the last pressure value is entered in “C” an OK button will appear. A few
moments after clicking on the OK. button two calibration curves (one per transducer) will be
drawn in monitor “F”. They are also saved in three files (see 2.4 for mote details).

Click on the DONE button to return to the Main Front Pancl. To quit Tunlab, simply select

Exit from the File menu.

2. Tunlab Technical Reference

The scope of this section is to facilitatc any further modification that Tunlab may require for
whatever reason it may be. In the following it is assumed that the reader has a somewhat

advanced knowledge of Labview along with some experience upon a programming language.

2.1 STRUCTURE OF THE CODE
All the files the code consists of are locked to prevent any modification made by accident by

an inexperienced uset, Files need to be unlocked prior'to any change. In particular, Tunlab is
meant to be the code which, with appropriate modifications, will be deployed as 4 subVI
within the software integrating the data acquisition systemn on board of the CONDOR RPV.
The code was written using the G language available under Labview Student Edition vetsion
3.1 for Windows and the “top-down” programming technique developed duting the 70s.
This technique ensures to have a robust code which is easy to debug, to maintain, and to
modify, although it usually leads to a longer code.

The main program is tun_lab.vi which displays the main menu (called the Main Front Panel
in the previous section) as a user-friendly interface. The main program calls a number of
subVIs which in turn call other subVlIs, forming a “tree” which is the classic structure of a
cade developed according to the top-down technique.

The code is described faitly in detail in the subsequent paragraphs by extensive use of flow
charts. Each paragraph will describe a VI with its flow chart, 1/O files and subVlIs (if any).

‘I'he reader should consult the corresponding VI files for a more detziled picture.
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TUNLAB USER'S MANUAL

2.1.1 Tunlab_vi Main Program

Sub¥li i

Header . .vi

BSub¥Y)
Caliper.vi |

false

true Enable
Aoquisity
is

Aoquire Voltage
From ADC
SubVvi
Subacq.wi

(|
[}

Display Acquired
Yoltage

Lit
Indicator

!
|
)

continue

Sub¥l Overvolt.wi,

—_— e e e e e e e b —

Acquire Next
Voltage From ADC

&

3 = === — == = = -

| Lit Indicator ok
Reject =< Error

1 Acquired Data
false 1 SubVil Err_stp.vi

—_— e e— — e — e— —— — o — e —

true

Sub¥
Print_fl.vi

false

true

Displag Cp
Yalues
SubVil
Plot.vi

| contmue

J

yes Anothe.
Cyole
? no

Fig.7 tunlab_vi Flow Chart

The flow chart is shown in fig.7. Refer to the tun_lab.vi file for morc details,
Input Files

None

Qutput Files

None -
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TUNLAB USER'S MANUAL

Called SublVis

subacq.vi

cal_refivi

overvolt.vi

plot.vi

header.vi

caliper.vi

Simple Error Handlet.vi
err_stp.vi

print_fl.vi

2.1.2 Header.vi SubVl

Yait for the user
to Input Data

Fig.8 hcadervi Flow Chart

SAVE Data Input
by the User

et

RETURN to Main
Program Tunlab.vi

‘The flow chart is shown in fip.8. Refer to the header.vi file for more details.

Input Files
None

Output Files

header.txt contains the data headet.

q.txt contains the free stream pressute value.
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TUNLAB USER'S MANUAL

run_no.txt contains the Run Number value. It is the alphanumeric string used by
print_fl.vi to generate the two files with raw and convetted data of an
acquisition session.

Note : All are standard ASCII files,

Called Subl/is

Write Chatacters to File.vi

2.1.3 Print_fl.vi SubVi

START

SAVE
Header Data

Convert Data
into.Cp Yalues

SAVE Cp Yalues
and Raw Data

RETURN to Main
Program Tunlab.vi

Fig.9 print_fl.vi Flow Chart

The flow chart is shown in fig.9. Refer to the print_fl.vi file for more details.
Input Files

header.txt contains the data header.

q.txt contains the free stream pressure value,
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TUNLAR USER’'S MANUVAL

run_no.txt  contains an alphanumeric string (Run Number value) entered by the uscr.

Ontput Files

<run number>contains a data header and corresponding cp values of a data acquisition
session.

<run number>v contains the same data header as the <run number> file plus correspon-

ding voltages measured during a data acquisition session, The last saved

value is an offset.
Note : All are standard ASCII files,
Called Subl/1s
Write Characters to File.vi
Write to Spreadsheet File.vi
Read Characters from File.vi
Read from Spreadsheet File.vi

Polynomial Interpolation.vi

2.1.4 Caliper.vi SubVi
The flow chart is shown in fig,10. Refer to the caliper.vi file for more details.

Input Files

None

Ouiput Files

callx.txt contains measured voltages from transducer number one.

calZx.txt contains measured voltages from transducct number two.

caly.txt contains measured differential pressure values from the water gauge.
Note : All are standard ASCII files.

Called SubVIs

Write to Spreadsheet File.vi

subacq.vi




TUNLAB USER'S MANUAL

Acquire
Offsets

Voltage
Button
is

true

Acquire
VYoltages

)

Display
Voltages

false

Pressure
Button
is

true

Accept Pressure
Yalue Inserted

hot over

Fig.10 caliper.vi Flow Chatt

SAVE Calibration
Curves

RETURN to Main
Program Tunlab.vi
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Item : Parachute Recovery System

Ballistic Recovery Systems, Inc.

Contact Person : Gregg Ellsworth, Domestic Sales Manager
1845 Henry Av.

South St. Paul, MN 55075-3541, USA

Fax : 612 457-8651

Irvin Aerospace Limited

Contact Person : Dr M.G. Woollard, Engineering Director
Icknield Way

Letchworth Hertfordshire SG6 1EU, UK

Tel : 01462 482000

Fax : 01462 482007

Item ; Pressure Differential Transducers

Scanivalyve Corporation

Contact Person : Derek Greener, European Technical Director
Avon Valley Business Park

23 St. Annes Road

Bristol BS4 4EL, UK

Tel: 0117 987 3435

Fax : 0117 987 3626

Item ¢ Condor Airframe Manufacturer

AERON spol s.r.0.

Contact Person : Dipl.Ing. Daniel Lexa
Traubova 6

CZ 657 31 Brno, Czech Republic
Tel/Fax : 05 412 115 61

Item : Toshiba Satellite 110CS Notebook

PC World

Contact Person : Andrew McKie, Business Account Manager
30 Finnieston Street

Glasgow G3 8HB, UK

Tel : 0141 221 9044

Fax : 0141 221 7264
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Item : National Instruments Hardware

IMEX Systems Ltd

Contact Person : Walter Gray, Sales Director
Coatbridge Business Park

Main Street, Coatbridge ML5 3RB, UK

Tel : 01236 440840

Fax : 01236 449392

Internet : www.imex.co.uk

Item : Air Data Booms

ENDEVCO UK Ltd
Melbourne, Royston
Hertz SG8 6AQ

Tel : 01763 261311
Fax : 01763 261120

Rosemount Aerospace, Inc.

Contact Person : Brad K.Elliott, Senior Marketing Engineer
14300 Judicial Road

Burnsville, MN 55306-4898, USA

FFax : 612 892 4948

E-mail : bradell@gw.rmtaero.bfg.com

Item : Radio Control Equipment

Paisley Model Centre

Contact Person : Bill Grimsley
80-82 Arkleston Road

Paisley PA1 3TS, UK

Tel : 0141 889 4221

Ripmax Plc

Ripmax Corner, Green Street
Enfield EN3 7SJ

Fax : 0181 804 1217

Item : RS Catalogue

Glasgow Trade Counter
38 Baird Street
Glasgow G4 0ED, UK

B2


http://www.imex.co.uk
mailto:bradell@gw.rmtaero.bfg.com

Fax: 0141 552 4448

Item : Condor Airframe Epoxy Resin and Foam

CIBA-GEIGY GESELLSCHAFF MBH

Contact Person : Friedrich Fitzma, Division Polymere
Postfach 319

Breitenfurterstrabe 251

A-1231 Wien, Austria

Fax : 0222 80111 421

Ttem : Condor Airframe Glassfibre

CS-INTERGLAS AG
Postfach 1103

D-89151 Erbach, Germany
Fax : 07305 955 513

Item : Landing Gear Wheels

Invacare Ltd

Purchasing Departmcent

South Road, Bridgend Industrial Estate
Bridgend, Mid Glamorgan CF31 3PY, UK
Fax : 0656 766274

Item : Alternator Manufacturer

PAL-MAGNETON
Hulinska 4, 767 53 Kromeriz, Czech Republic
Fax : 0634 247 84

Item : Divinycell Expanded PVC Rigid Foam

Anglitemp Ltd.
Contact Person : D.M.McFarlane

Westmorland Road, West Chirton Middle Industrial Estate

North Shields, Tyne & Wear NE29 81B
Fax : 0191 257 8445
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CONDOR

Remote Control Aircraft

—




CONDOR SPECIFICATIONS

Area

Span

MAC

Aspect Ratio

Swept Angle

Taper Ratio  mitial
extension

Acrofoil

Dihedral initial
extension

Huselage/Wing [ncidence
Overall Lenght

Width

Height

Maximum Take-off Weight

Lngine Power
Propeller Diameter
CG Range
Llevator Chord
Elevator Arca

Wing/ I'ailplanc Incidence

Limit Load Factors
Fuel Capacity

Control Surface Deflections (Aileron/Elevator)

WING TAILPLANL FIN
4.05 sqm 0.638 sq m 0.177 sqm
593 m 1.425 m 0.453 m
0.684 m 0.448 m 0.380 m
8.68 3.18 1.16
0 deg 0 deg 0 deg
i 1 1.36
0.84
NACA 2415 NACA 0010 NACA 0010
0 deg 0 deg 0 deg
5-8-11 deg
Fuselage
1°30° + 1°48
4.07m
0.40 m
N/A
Other Data

145 kg

16.5 kW

0.85m

30 % MAC at any weight

0.184 m

0.262 sqm

3% 40 + 4° 40

-4/ +4

191t

-15% +12°
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CONDOR Drag Polars

{Oulboard) Filap Deflestion Angle = zero

o CL CD
-9,858 -0,6238 0,06769
-8,182 -0,50124 0.05943
-6,875 -0,39022 0,04981

-5,71 -0,28356 0,04608

-4.41256 -0,17283 0,04324
-3,15628 -0,06337 0,0413
-1.8 0,04608 0,04028
-0,64372 0,15556 0,04052
0,61256 0,26502 0,040%
1,86884 0,37448 0,04198
3,12513 0,48385 0,0437
4,38141 0,59341 0,04533
5,63769 0,70287 0,0481
6,89397 0,81234 0,05248

8,324 0,92714 0,0571

9,718 1,02257 0,06275
10,483 1,05468 0,06512

11,36 1,07825 0.06818
12,213 1,.09195 0,07153

13,7 1,09061 0,07883

(Quthoard) Flap Defleclion Angle = 15 deg

o CL cD
-9,848 ~0,51461 0,07289
-8,182 -0,39224 0,06405
-6,875 -0,28122 0,05396

-5,71 -0,17457 0.04983

-4 41256 -0,06384 0,04653
-3,15628 0,04563 0,04415
-1.9 0,15509 0,04268
-0,64372 0,264585 0.04249
0,61256 0,37402 0,04243
1,86884 (,48348 0,04307
3,12513 0,59294 0,04434
4,38141 0,7024 0,045583
5,63769 0,81187 0,04788
6,89397 0,82133 0,0518

8,324 1,03613 0,05591

8,718 1,13154 0,06116
10,483 1,16364 0,06341

11,36 1,18519 0,06638
12,213 1,20089 0,06971

13,7 1,18959 0,07716



CONDOR Drag Polars

(Outboard) Fiap Deflection Angle = 30 deg

o Ch c
-9,858 -0,4582 007978
-8,182 -0,33664 0,070584
-6,875 -0,22582 0,06032

-5,71 -0, 11818 0,05598

-4 41256 -{,00843 0,05245
-3,15628 0,10103 0,04984
-1.9 0,21049 0,04816
-0,64372 0,31965 0,04773
0,61256 0,42942 004745
1,86884 0,53888 6,04787
3,12513 0,64834 0,04881
4,38141 0,75781 0,04988
563769 086727 005198
6,89397 0,97673 0,0657

8,324 1,09154 0,05958

9,716 1.1B694 0,0646
10,483 1,21902 006678

11,36 1,24056 0,06971
12,213 1,25626 0,07304

13,7 1,26499 ¢.08053

(Outboard) Flap Deflection Angle = 60 deg

« cL co
-9,858 -0,36107 0,09875
-8,152 -0,23871 0,08808
-B,875 -0,12769 007835

-5,71 -0,02103 0,07364

-4 41256 0,0897 0,0697

-3,15628 0,19918 0,06669

1,8 0,30862 0,06461
-0,64372 041808 0.06379
0,61256 0.52755 0,0631
186884 0.63701 0,06312
3.12513 0,74848 0,06377
439141 0,85594 0.06435
5.63769 0,8654 0,06605
6,88397 1.07487 0,06937
8,324 1,18967 0,07278
8,716 1,28508 0,07746
10,483 1,31712 0,07952
11,36 1,33664 0.08238
12,213 1.35434 0.08569

13,7 1,35311 0,09325




WING EXTENSION STRUCTURAL TEST

Date : April 1997

Wing : Dry, Undamaged

Note : Inner aileron was removed from the wing at the time of the
test.

Calculation of applied load

RPV MTOW ---) W =145 Kg
RPV Max Cruise Speed ---) v =180 Km/h (50 m/s)
RPV Wing Area ---) S =28mq
Area of Wing Extension ---) §,, = 0.59 mq

2w 2(1450)

Cp=—5-= =0

pvesS  (1L225)(50)°(2.8)
If we look at the Sojka RPV polars we have o =/{degat C; =0.34
At this angle of attack (x=1! deg) the numerical solution of
Rampant gave, after integration of the pressure distribution over
the wing extension only, the following coefficient :

Cy,, =0.154

JAR-VLA 337 (a) suggests a lcad factor of n = 3.8
We can now estimate the total lift on the wing extension :
Ly =0.50v%S,,Cy, =(0.5)(1225)(50)*(0.59) = 139N = 14Kg o

and therefore the limit applied load :

Ly, =nLy =(3.8)(14)Kg = 54Kg (119 Ib)

Performing _the test

A weight of 100 Ib, corresponding to n = 3.2, was applied at about
3/4 of the wing extension span, for 3 minutes.

The measured deflection at the wing extension tip was 115 mm
After removal of the weight the measured deflection was zero

approximately.



VERTICAL TAIL GEOMETRY
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OUTBOARD AILERON GEOMETRY

FUSELAGE CENTERLINE
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HORIZONTAL TAIUL GEOMETRY
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INBOARD AILERON GEOMETRY
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POWERPLANT DATA

Manufacturer

Engine Modcl
Engine Type
Number of Cylinders
Bore

Stroke

Displacement
Compression Ratto
Reduction Gear Ratio
Carburcttor
Mazimum Power
Maximum tpm
Ignition

Alternator

Current Supply
Lubrication

Fuel Consumption (at 4400 rpm)
Minimum Fuel Grade

@1]

T'uel/Oil Ratio

External Dimensions Lenght
Width
Height

Dy Engine Weight

Ustav Pro Vyzkum Motorovych Vouzidel
CS 180 68 Praha 9 - Lihovararska 12
M115V

1'wo Steoke Flat Air Cooled

2 - Opposed

62 mn

52 mm

314 cm®

11:1

1.55:1

Diaphragm Type

16.5 kW /6000 tpm

7500

via 12V Battery

PAL 28V/35A Type 443 113 516 830
N/A

Mixture of Fuel and Oil
5.94 kg/hour

96 Octanc

MOGUL TS (M2T - Super)
CASTROL TTS - Super
CASTROL TTS - Syntec
40:1

360 mum

488 mm

336 mm

19.4 kg




ENGINE MODEL M 115V THREEVIEW



Engine Model M 115V | Umidity 42 %

Propeller Model V 115.25 | Ceiling Cloudy

Temperature 24°C Date 30.6.94

Static Thrust
450 ! ! ! ! ! !

400

350

300

N

Z 250

Thrust

150

100

50

0 ] | E I | |
2000 2500 3000 3500 4000 4500 5000 5500
rpm ’




Engine Model M 115V Date 11.2.97
Temperature 18 °C Barometric Pressure 98.5 hPa
Fuel BA 96 Super | Qil Castrol Synt.
Oil/Fuel Ratio 35:1 Reduction Gear Ratio 15:1
Ignition System 12V Battery | Exhaust Tubes Without Silent Blocks
kW
SHAFT POWER
20 1 T 1 1 1 i
16 F .
10 F “
5F .
0 1 1 1 i i 1
4000 4500 5000 5500 6000 6500 7000

pm



ALTERNATOR 28 V 35 A -

‘w

@120

TYPE: 443 113 516 830 '

MAX.108 i

L
$20g6

i

——t e

~—
o

J

oT0,4H12

|
L:;
g &
h Lo &
1 27 R e
- +0,4 R14
65206 | 38405 ] |_15-05
NOMIMAL VOLTAGE" 2HY
NOMINAL CURRLNT: 35 A
BTART OF CHARGING U=25v/ =0, 1180 r. p. 0, -
MAX. SPEED: 8ooor pom,

BULT-IN SEMICONDUCTING VOLTAGE REGINATOR

DERIVED TYPES.

443 113546 B30 WITHQUT FAN AND PULLEY 45 kg

443 13516 231 WITH FITTED ON RIGHT-HANDED FAN 5.2 kg
AND ONE GROOVE PULEY

443 113 516 832 WITH FITTED ON RIGHT-HANDED FAN 5,3 kg

AMD TWO GROOVES PULEY
443 113518833  WITH SEPARATELY PACKEDR RIGHT-HANDED FAN 4,7 kg
WITHOUT PULEY
443 113 516 836 WITH FITTED ON LEFT-HANDED FAN
AND ONE GROOVE PULEY

ieininte ol

PAL - MAGNETCN
HULINSKA 4, 767 53 KROMERI?
CZECHOSLOVAKIA |
TEL.: 0634,44 19 17 " FAX:0634/247 84
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PROPELLER DATA

Model V125R

For Engine Type M115
Propeller Characteristics Fixed Pitch
Diameter 850 mm
Blade Material Ash
Number of Blades 2

Angle of Blade Setting at R, 20° 55°
Weight 0.95Kg

Service Life N/A




Engine Model

M 115V { Altitude Sea Level (ISA)
Propeller Model V 125B | Date 15.2.94
Isotated Propeller
550 T T T

Thrust (N)

50 L

}
100 150 200 250
Speed (km/h}



MAIN WHEEL CODE 6000 783
TYPE 200X50 mm

200

50

MAX INFLATION PRESSURE : 36 PSI (2.5 BAR)

WEIGHT : 1.13 Kg

ALL DIMENSIONS IN MILLIMETERS (NOT TO SCALE)



NOSE WHEEL CODE 0249N 3959
TYPE 152X28 mm

152

28

MAX INFLATION PRESSURE : 36 PSI (2.5 BAR)

WEIGHT : 0.275 Kg

ALL DIMENSIONS IN MILLIMETERS (NOT TO SCALE)






GLOVE DATA

Chord : 1.05 m

Span : 0.83m

Aspect Ratio : 0.79

Acrofoil : NACA 0012

Offset of Glove/Wing Chord : Zero

No. of Pressure Tappings : 30 + 30

Max Reynolds Testing Number : 3.2-10°

Weight : 6.92 kg (15.25 1b) without plates, paint, glue,

tubes, attachment fittings;
7.60 kg (16.75 Ib) including paint, glue, tubes,
attachment fittings, without endplates

Materials : Balsa 96 kg/ m” for the core;
Marine Mohogany Plywood for two layer skin;
Mohogany for the endplates (4 mm thick);
Aluminum BS 1470/NS4 for the fittings

Painting : Herberts STANDOX, Grey 405 0360
as undercoat; - .
Anti-Bloom as thinner;
Matt Black IHycote Acrylic Paut

Glue For tubes : LOCITI'E 454

Endplates Weight 681 g (Type 5 cm)
1.38 kg (Type 10 cm)

1.23 kg (Type Special)
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Geometry Data Of Endplates With Constant Height

Endplatas Enplates
Height = 5cm Height = 10cm
% ftnm] y [mm] x [fmin} y [mm]
[ D 0 0

14.0 30.5 15.5 46.0)

57.0 56.0 31.0 62.5 ,

85.0 88.5 52,0 84.0 Jl) height —
1as| 77 925 1930 [
170.8 80.0 124.5 115.5 ’
227.0 86.0 185.5 135.0f
283.5 93.0 247.0 144,0
340.5 100.0 370.5 150.0i
567.5 82,5 6°7.5 139.0
6810| 840 7410] 1260 ™
794.5 740 864.5 111.0
908.0 62.0 984.0 93,0

1021.5 46.0 1151.0 70.0
1078.0 38.0 1173.0 57.0 X
1112.0) 80.0 1210.0 450 ) st
1125.0] 18.0 1224.0 27.0!
1185.0] 0 1235.0 0;
chord = 1135 mm chord = 1235 mm
Xahset = 48 mm Rotse, = 100 Mmm Thickness of Endplates: 4mm

Geometry Data Of Specially Desjgned Bndplates

| 1o Unit of Lenglli: mm
- l Thickness of Eudplutes: 4mm
kg
J [5DE] 3 .
2 Glove 2 ;

© [(NACA 0012) i
# ‘ i
_ {

L 3 - 43

100

15

$140

1400
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RADIO CONTROL FQUIPMENT DATA

Receiver R-138DP

Channels : 8

Dimensions : 65X36X21.5 mm
Weight: 403 g

Input Voltage : 4.8 - 6.0V
Current Drain : 12mA at 4.8V

Servo PS3001

Torque : 3 Kgem

Dimensions : 40.4X19.8X36 nun.
Weight: 45.1 g

Input Voltage : 4.8-6.0V
Current Drain : N/A

Hi-Torque Servo PS3032
Torque : 8 Kgem

Dimensions : 59.2X28.8X49.8
mim

Weight: 103 g

Input Voltage : 4.8 - 6.0 V
Current Drain : 0.9A at 6.0V

Hi-Torgque Servo PS3801
Torque : 14 Kgem
Dimensions : 59.2X28.8X49.8
mm

Weight: 103 g

Input Voltage : 4.8 - 6.0 V
Current Drain : 1.4A at 6.0V

Nickel Metal Hydride Battery

Pt. No. 0~4N2500NMHWF

Capacity : 4.8V 2.5Ah

Charging : 16 hours at 250mA

Max Discharge Rate : 7.5A

Disposal : No special disposal facilities are required
Storage : Recharge after 3 weeks for full capacity

Switch Harness 2 LED Robbe F 1403
Dimensions : 34.5X15.5X15 mm
Weight : ca. 12g
Display Range : 3.5-7.0V
Current Drain : 20mA at 4.8V
Functions : RC recciving ON/OFF switch
Receiver battery voltage monitor
Receiver battery charging via integral charge socket




W : s3Iun
L:l °jeas

e

O

B

\

A
]

jve
L

sooaid oMy |

I 1.1

¥4

NYOH-OAY3S

4

(ver) 1¥L

(811} 521

- * .
— -

|v .
LOXPN .y

doyHSNd




82

S 60 R
@?-/\r : m QM
“ T%,. :
N ~ -
| o -
P Rubber
JM PR T
|
i | @3
il° 6__ miO ~
N~ ALh [}
_ o
of | © b ! '
E L. 10

25 |

2

Scale 1:1
Units : mm

]

SERVO-BRACKET
- Flaps




. UOJRJIY -

Jappny -

-JO]BAD|] -
1IIOVHE-0AY3S

ITITRES
L:] 9Jeos

1
1

§5¢
.-.————-—4']

_hrieaiyg s

o B
O ! h o |t
S ™ ~
04__« 0
€0 4 ¥
7 7
._mnn:m\\
3 et "
o &
|
_Z " “ -1

A




SERVO-BRACKET

62
[t ——— — .
l 40 ol
@4 — _
N | LA ™Y
T i
i . |'_ TM
\\mcgmq
A o
f @3 — 'Y
o O o o
—y o — + o o
0y _ Y
¢ o |
el -

‘
Z
2|
Z
Z
ZZ

15

Scale 1:1
Units : mm

@3 —

25




— ——

Ff:"




3.21 HINGE MOMENTS CALCULATIONS

‘The methods used apply only in the linear range of the control surface deflection (ess
than twenty degrees) and in the linear range of the angle of attack (iess than twelve
degrees). As a consequence, methods apply as long as the aieflow over the surface is
attached. No effect of homs, gap, intemal balance plates has been taken into account
during the calculations. Calculations were performed following guidelines in Ref.17 and
at the appsoach speed because it is customary for design purposc to assume that
maximum control surface deflections occur at that airspeed. Please consult the above
reference for the nomenclature used in this section, too. The Reynolds number wilt be

calculated av ¥, = 12V, although VLA 75 prescribes V, o = L3V, but the latter is

app
regarded too high for an RPV. This will also take into account the fact that the stalling
speed will be estimated using SOJKA C L= 121 from Ref7 and Condor wing area,

giving :

- \l 20 J 2(145)(9.80665) =216 m/e

PSC,  {(1225)(4.124)(121)

The maximum lift coefficient is certainly higher than estimated owing to the higher wing
area of the Condor provided by its wing extensions and therefore the actual stall speed is
likely to be lower than calculated. Tt is then :

Vo =12(21.6)=259m/s

agp

3.2.2 CALCULATION OF RUDDER HINGLE MOMENT

It 18 assumcd that the sideslip angle £ is zero. The hinge moment cocfficient is :

Cy =Cy6 + C.'Hﬂ p+Cy
The tail fin profile is the NACA 0010, which is symmetric, therefore Cy is zero and
an(@/2) =tfc=0.10

The above 3-D value must be calculated from 2-D values. Following steps are described
in detail in Refi17.



Calculation of Cp

Calculation of 2-D value

Step 1

In this sectton in order to calculate the Reynolds number we will use the vertical tail
mean acrodynamic chord, according to Ref.17 fig.10.64 p.469 :

_ PoY o€ _ (1.225)(25.9)0.38)

=6.73.10°
Ho 1.7894.10°°

Rl\'

which from Refl17 fig.10.64a p.469 gives :

C;p
— =079
(Clp )Ihewy

as the closest value for Ry 1s 1e6.

Step 2 - calculation of ¢'),
s

tirom Ref 17 fig.10.63a and fig.10.63b p.468 we have :

¢, 127mm 'y,
= =033=>
¢ 380mm (c,,ﬂ Yo ory

=05

c 0 R
(€1, Vneory = =060rad ™ = &' = ——F—(¢;, ) ooy, = (05)(=0.60) = ~0.3rad ™ =

(€4, ) theory
= ~0.0052 deg™
Step 3
Skipped because tan{@¢/ 2} = t/c
Step 4 - calculation of (c,,p bat
From the vertical tail gcomcetry it 1s
¢, =30mm ¢, =127mm t,/2=24mm

hence the balance ratio will be :

2 1 n) 2 2
¢, V112 (30)2(24)
) = === =l ==} |=] =014
BAL. RATIO ( ] [ ] J 127 77

Cf Cf

Ia fig10.652a p.471 of Ref.17 the closest profile is the NACA 0009 and the rudder nose is
assumed to be ROUND, which yields

(Chﬂ )sal (Chﬂ Yat

= 092 = (6, Yy = €'y, o = (~00052)(0.92) = ~0.00478 deg™

by ¥

Step 5 - calculation of final 2-D value

2



The compressibility effect 1s here considered, which in turn depends on the Mach

number. At ISA conditions the speed of the sound will be
I, =15C=> T, =273+15=288°K

¥ = 14 as the Quid is air

R=287J/Kg’K

a = \|RT, =340 m/s

and hence the Mach number is

_ T 259 B
M === = 0076
which yields
{cy,)
(6, ) = e = ~000479deg”

which differs little from the uncorrected value, owing to the low Mach number.
Calculation of 3-ID value

From the vertical tail geometry again we have

AR=1.2 Ay =0=2c08(A ) =1

and from Ref.17 fig.10.77c p.483 :

¢, 160 ¢
L2 o2 Zb 019 B, =116
c 380nim ¢

Tt is also, according to Refil7eq.10.144 p.482

K, =1

because the rudder covers the whole fin. As a result it is Ref17fg.10.77a p.483)
AC,

— = 0022

Cr 3 b p

AR=12=

and in addition, from the database in Ref.18 for the NACA 0010 we find
¢, = 0.1deg™

and eventually

xﬁC"ﬁ = (0.022)(0.1)(1.16)1) = 0.0026 deg™

12
J(cnﬁ Iy HAC, = (m](~ 0.00479) + 0.0026 = 0.0008deg ™

o - ( ARcos(A_,)
" "\ AR +2cos(A )

‘The latter is Ref.17eq.10.142 p.481
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Calculation of Cjy

Calculation of 2-D valuc

Step 1

This is a repeat of step 1 for caleulating Cyy
t/c=0.10 Ry =673¢5

hence

% 0.79
(cfo )L‘Jeory o

being 10° the closest value in fig.10.64a p.469
Step 2 - calculation of ¢,
According to Ref.17fig,10.69a and fig.10.69b p.475 1

Sy _127mm Cug
¢ " 380mm U (€ eory 0817

(€1, Yimary = —0.91rad = -0.0159 deg™

hence
cl
c"'& =7 & (cﬂx‘, )lheury = (081 7)(.—0‘01 59) = "001 30d&ghl
(Ch‘, )tbcoiy
Step 3

Skipped for the same reason as stated before.
Step 4 - calculation of (¢}, gy
In fig,10.71 p.477 of Ref 17 the closest profile is the NACA 0009 and the rudder nose is

assumed ROUND, which yields, by using the balance ratto previously seen

c <
et _ 0802 6, )y =, ;"?)""’ = (~00130)(0.80) = ~0.0104 deg™

fig hs

Step 5 - calculation of final 2-D value
We already know what the Mach number is. We have

c
(e, ) = Ldo__ 401003 deg™

i-um*
Calculation of 3-ID value
From the vertical tail geometry we have
AR=12 A, =0deg =>cos(A ) =1 A, =0deg=>cos(A,,) =1
and from Ref.17 fig.10.77c p.483
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i"_,:_ 160mm2 ¢y

Y

Ie 380mm ¢,

=019= B, =116

and 1a addition, from Ref.17 fig.8.14 p.228 we find
t/c=010 ¢, [c=033=c, =467rad™ =00815deg™

It is also, according to Ref17 eq.10.147 p.484

Ks=1
because the rudder covers the whole fin. As a result it is (Ref 17 fig.10.78a p.485)
AR=1225 S 0044
=12 ——*=0.
¢, B,K;

and eventually
ACy = (0.044)(0.0815)(116)(1) = 0.0041 6deg™
The 3-D derivative is written as (Ref.17 cq.10.145 p.484)

2cos(A,,)
L A -
TR+2cos(A_y A%

CHJ = (Ché Yo + 0y (Cbp D as

which in turn gives

Cy, =(-001043) + 0, (~000479) —=—+(0.00416) = ~0.00627 - 0.00299cz, deg ™

In Ref17 figi8.17 p.230 a; is a funciion of ¢, /¢ = 04 and the deflection J,

deg) 8, 1-15 16 17 18 19 20
(deg) 0.6 | 0598 | 0.594 | 0.588 | 0.584 | 0.583

The hinge moment coefficient will be

Cy =Cy, B+Cy 6, with 0° £ 8, £20° and £ = Odeg

whilst the moment will be

My =¢S5, Cy

with

S, =0072m’ ¢, =0127m g =(05)pV., =4109Pa

where ¢ is the rudder mean chord computed from the hinge line. Calculations are

petformed by a Fortran code. The moment is multiplied by 1.25 according to VLA
395(a). The result of the calculations is in Fig.3.3. It is seen that the servo Futaba ps3001

cannot allow a teasonable rudder deflection at the given approach speed (8 degrees of
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deflection does not scem adequate), therefore the more powerful Futaba ps3032 should

be used, which can cope up to 20 degtees of deflection, according to the plot in Fig,3.3.

0 CONDOH RUDDER HINGE MOMENT
8 T T T

075 - A
0.7 N
065 | calcifated —— -
Futaba ps3001 ———----

06 | Futaba ps3032 -------- -

0,55 - -

05 / .
0.46 | Va3 Knvh - “

0.35 |- _
03 | -

0.25 / .
02 / ]

0.15 -
0.1 | .
0.05

0 L L

] 5 10 15 20
deg

Fig.3.3 Rudder Hingemoment Agamst Deflection Angle.

323 CALCULATION OF ELEVATOR ITINGE MOMENT

The lnge moment coefficient is

Cy=Cyat+Cyd +Cy

The horizontal tail profile is again the NACA 0010, which is a symmetric one, thus
giving C; = 0 and again tan{¢/2)=t/c=0.10

The above 3-D value must be calculated from 2-D values. Following steps are described
in detail in Ref17.

Calculation of

Calculation of 2-D value

Step 1

In this section in order to calculate the Reynolds number we shall use the horizontal 1ail
mean aerodynamic chord, according to Refi17 fig.10.64 p.469 :

_ PV (1.225)(25.9)(0.448)

=794-10°
iy 1.7894.10°%

Ry

which from Refi17 fig.10.64a gives :
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G
— =079

(Clu )lheary

as the closest value for Ry 1s 106,

Step 2 - caleulation of ¢!,
From Ref 17 £12.10.63a and fig,10.63b p.468 we have :

€ 148mm ¢y
—= =033 = ~—"*—=05
¢ 448mm Cp ) theary

W
B,

¢
(€ iy =—060rad ™" = ¢', = (G, Viteay = (05)(~0.60) = ~03rad™ =

(Chn ) theory

= -0.0052 deg™

Step 3

Skipped because tan (¢/2)=t/c

Step 4 - calculation of (¢, )4

From the horizontal tail geometry it is :

¢, =36mm ¢, =148mm (/2 =16mm

hence the balance ratio wili be :

2 N2
, e, ) [1./2 (36)2(16]2
BATL, J)= ) —1 1 —1 =i !—] =0
oo 2 (42 - (BT o

In fip.10.65a p.471 of Refi17 the closest profile is the NACA 0009 and the elevator’s

nose 1s assumed to be ROUNID, which yields

(Cha Dbt

=073 (¢, Dy = ¢~ = (=0.0052)(0.73) = ~0.00380 deg ™

3 fip

(4

(C/,,, Yoai
c‘

Step 5 - calcalation of final 2-DD value
The Mach number necessary to take into account the compressibility effect has been
calculated, thus yiclding

(ch,, )bal

— = 00038 1deg™
1- M

(c,,q Iy =

which differs little from the uncorrected value, owing to the low Mach number.
Calculation of 3-I2 value

From the horizontal tall geometry we have

AR=3.18 A =0=>cos(A ) =1

and from Ref17 fig.10.77c p.483

I'7




¢, 184nm '
Sy 184mm Co 30 0pp —114

It is also, according to Ref.17 eq.10.144 p.482

K, =1

becausc the clevator covers the whole horizontal tail. As a result it is Refi17 fig.10.77a
p483)

AR =318 = ——=—=0013
cl,, BZKa

and in additton, from the database in Ref18 for the NACA 0010 we get
e = 0.1deg™

and eventually

ACy, = (0.013)(0.1)(1.14)(1) = 0.00148 deg™

Ca, = [ A;f ;(;Sé::,fl )J( &1, )3 +ACy, = (%)(— 0.00381)+0.00148 =
= 0,000859 deg™

The latter 1s Ref.17 €q.10.142 p.481

Caleulation of Cyy.

Calculation of 2-D value
Step 1
‘I'his is a repeat of step 1 for caleulating C;-

t/e=010 R, =794.10°

hence

&,
- = (.79
(CI“ )mow)'

being 1e6 the closest value for R in fig.10.64a p.469

Step 2 - caleulation of ¢,

According to Ref17 fig.10.6%2 and fig.10.69b p.475it 15

c ¢,
r _ 148mm ~0. :>~—,—'“—=0.817
¢ 448mmn (€5 Dtheory

(3, Yoy = —091rad = ~0.0159 deg™

hence
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t
| ¢ fl‘_r

C =
" (Ch i ) theory

(Ch, ) theary = (0.817)(—0.0159) = ~0.0130deg’ !
Sitep 3

Skipped for the same reason as stated before.

Step 4 - calculation of (¢, )4y

In fig.10.71 p.477 of Ref17 the closest profile 15 the NACA 0009 and the control susface
nose is assumed to be ROUND, which yields, by using the balance ratio previously seen

e,
=060= (¢, ) =€, ( }T iz

iy iz

Step 5 - calculation of final 2-D value
We already know what the Mach number is. We have

(Ch(, Do
J

= (~0.0130)(0.60) = —0.0078 deg ™"

@}, = (cha)bm' _
N v
1-M

Calculation of 3-D value

0.00782 deg™

From the honzontal tail geometry we have
AR=3.18 A,y =0deg= cos(A_,) =1 Ay =0deg = cos(Ay) =1
and from Ref.17fig.10.77c p.483

¢, 184 :
Sr 2OV 64 Zh_020= B, =114 .
¢ 448mm ¢y -

and in addition, from Ref.17 fig.8.14 p.228 we find

t/e=010 ¢, fe=033=¢, =4.67rad™ =0.0815deg™

It is also, according to Ref17 eq.10.147 p.484

Ks=1

because the elevator covers the whole honzontal tail As a gesult it 18 (Ref17 £2.10.78a

p.485)

AC,
AR =318= ——= 0022
¢, Bk,

and eventually

ACy =(0.022)(0.0815)(1.14)(1) = 0.00204 deg !

The 3-I) derivative is writien as (Refi17 eq.10.145 p.484)
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2cos(A_,)

CHJ - (CI;‘,)A{ +a'§(0hﬂ),\{ AR—i—zCOS(Ad“) -+ ACHE
which in tum gives
2
CH& = (~0.00782) + a;(—0.00381) 31842 +(0.00204) =

=-0.00578-0.001471a; deg™
Itis noted that @; is a function of ¢, /¢ = 0.4 (agam [) and the deflection J, . The same

table as in 3.2.2 must be used, as the above chord ratio is unchanged. The binge moment

coefficient will be

Cy = Cy, a+Cy b, with 0° <&, £20° and e = 12deg
whilst the moment will be

M, = chcf' Cy

with

S, =0262m* c; =0148m q =(05)p,V2, =4109Pa

app

where ¢, is the elevator mean chord computed from the hinge line. Calculations are

performed by a Fortran code. The moment is multiplied by 1.25 according to VILA
395(a). The result of the calculations s in [Yig.3.4. It is seen that the servo Futaba ps3032
cannot allow a reasonable elevator deflection at the given approach speed (14 degrees of
deflection does not seem adequate), therefore the more powerful Futaba ps3801 should
be used, which can cope up to 20 degrees of deflection, according to the plot m Iig34.
'The elevator is equipped with two servos type ps3801, although the torque of only one
servo has been considered. Two servos provide added safety as one will still be active if

one of them fails, assuming common-made faiture 1s not possible.
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CONDOH ELEVATOR HINGE MOMENT
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0.2 l : L
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deg

Fig,3.4 Elevator Hingemoment Against Deflection Angle.

324 CALCULATION OF INNER AILERON HINGE MOMENT

The hinge moment coefficient is

CI[ = Clla @ + CII_;S + CIID

The .wing profile is the non-symmetrical NACA 2415, thus giving C; # 0. “Lhus -
derivative should be determined from experimental data. However, we have to neglect it
because this data is not avaiable. Itis also tan{(¢/ 2) = t/c = 0.15. The above 3-1D value
must be calculated from 2-D values. I'ollowing steps are described in detail in Ref.17.

Caleulation of €,

Calculation of 2-D value

Step 1

In this sectton i order to calculate the Reynolds number we will use the chord of the
wing area whose planform is rectangular (which the inner aleron belongs to). It 1s,
according to Ref. 17 £ig.10.64 p.469 :

_ PoVamC  (1.225)(25.9)(0.700)

=1.24-10°
Ho 1.7894.10°°

Ry

which from Refi17 fig.10.64a pives :

Fi1



c
— & 074

(cla )theory

as the closest value for R is 10°.
Step 2 - caleulation of ¢
From Refi17 fig.10.63a and fig.10.63b p.468 we have :

¢ 106mm <y
L= =015 — 011
¢ 700mm (Ch‘, it ory

(€} ooy =—030rad -

c ),
=d, ——-&m(ch‘, Yiewy = (011)(—0.30) = ~0.033rad ' = —0.000576 deg™

" (%, vy
Step 3
Skipped because tan(¢/2) = t/c
Step 4 - calculation of (¢, ),y
From the Condor wing geomctry it 1s :
¢, =2Tmm ¢, = 106mm t,12=17mm
hence the balance ratio will be :

2 2 2 2
- &[] _ (2—.1) (}_Z_) -
o vsmo- [2) (] - [T -u

Cf Cj

In fig.10.65a p.471 of Ref.17 the closest profile is the NACA 0015 and the aileron’s nose
is assumed to be ROUND, which yields

(T (¢, Voa
T

=080=> (), Dgw = €', = (-0.00058)(0.80) = ~0.000464 deg ™

-

¢ Ny ke

Step 5 - calculation of final 2-ID value
The Mach number necessary to takc into account the compressibility effect has been
calculated, thus yiclding

&
(G, Vs = Lodo ~0.000465deg™

Ji-m®
which differs little from the uncorrected value, owing to the low Mach number.
Calcutation of 3-D value
From the Condor wing geometry we have
AR=85 A, =0=>c0s(A,) =1

P12



and from Ref.17 f1g.10.77¢c p.483

=020 &—ﬂ—ozﬂ}s 084
& 700mm ', 133~ 77 =

cd; _ 133mm

Itis now K, # 1, since the inner aileron does not cover the entite wing span. From the

Condor wing geometry data and according to Ref.17 fig.10.77b it 1s
b 12 =20504+915=2965mm

hence
1218 2050

) z%:OA 77, —%—07 (K,), =1625 (K,), =2625

(I 625)(1-04)~(2.625)1-0.7)

A
“ 07-04 625

and (Ref.17 fig.10.77a p.483)

ACy,
AR=85=—+2—=00039

c!u 28

and in addition, from the database in Ref18 for the NACA 0010 we find
¢, =0106deg™

and eventually
= (0.0039)(0.106)(0.84)(0.625) = 0.000217 deg ™!

i m[ ARcos(A ;)
H, =

S 85 J
AR+2COS(AC',4)](LJ’")M +ACy, “‘(85 3 (- 0.000465) +0.000217 =

= ~0.000159 deg™

The latter 1s Ref.17 eq.10.142 p.481
Calculation of Cy

Calculatton of 2-D value

Step 1

This 1s a repeat of step 1 for calculating €,
t/c=015 R, =1.24.10°

hence

C,a

(cla )lheo)y

=074

Step 2 - calculation of ¢!,
According to Ref.17 fig.10.69a and fig.10.69b p.475 it is

F13



¢ 106nmm Cy
L =015 — 2 = 0794
¢ 700mm (€1 Vieory

(1, Vmory = ~0.683rad "= —0.01192 deg™

hence

'
1)

[
(&}, Doy = (0.794)(=0.01192) = ~0.00947 deg™

vo—
s = (Cn,)mewy

Step 3

Skipped for the same reason as stated before.

Step 4 - caleulation of (¢, )4

In 3g.10.71 p.477 of Ref.17 the closcst profile 15 the NACA 0015 and the aileron’s nose

is assumed ROUND, which yields, by using the balance ratio previously seen :

c
' M = (-0.00947)(0.73) = —~0.00691deg™
C

hs

(Ch, Yoat

=073 (¢, )y = €

g

Step 5 - calculation of final 2-D value
We already know what the Mach number is. We have

c
(C‘;._, e = M— = ~000693deg™

N
Calculation of 3-I value
From the Condor wing geometry we have
AR=85 A, =0deg = cos(A ) =1 Ay =0deg= cos(A ) =1
and from Ref17 fig.10.77¢ p.483

¢ '
Cr _33mm 00 5 - 020= B, =084
¢ 700mm ¢,

and 1n addition, from Ref.17 ig.8.14 p.228 we find
t/c=015 ¢, Jc=015=>¢, =319%4rad™ =00557deg™
Itis now K # 1, since the inner aileron does not cover the entire wing span. From the

Condor wing geometry data and according to Ref17 fig.10.77b it 15
b/12=2050+915=2965mm
hence

1218 2050

= = 0. =—=07 K =15 (X =243
’71 2965 4 "o 2965 :( 6):]‘- ( a)rk

T4



K. = (15)1-04)-(243)Y(1-0.7)
& 0.7-04

As a result it 1s (Ref.17 fig.10.78a p.485)

= 0.57

B~ 000857

Cpih g

AR=385=

and eventually
AC,, = (0.00857)0.0557)(0.84)(0.57) = 0.00023deg ™

The 3-D derivative 1s written as (Ref.17eq.10.145 p.484)
2cos{A )

(?H‘, = (Cb.; ) Vs a{,-(cha )M AR+2 cog(AcM ) + AC‘”J
which in turn gives .
Cyy, = (~0.00693) + a;(~0.000465) ={0.00023) =

85+2
= —0.00670 — 0.00008860¢ deg™’

In Ref17 fig.8.17 p.230 @, is a function of ¢, /c=133/700=02 and the deflection

&

deg) 8, | 1-5 | 6-10 | 1115 16 17 18 19 20
degtya, | 045 | 044 | 0.439 | 0.436 | 0.432 | 0.420 | 0.425 | 0.422

The hinge moment coefficient will be

Cy=Cya+C, 6, with 0° < §, <20" and ¢ =12deg .-

whilst the hinge moment will be

M, = ancfﬂ Cy

with

S, =01107m* ¢, =0106m g = (05)p, V2, =4109Pa

app
where ¢, is the aileron mean chord computed from the hinge line. Calculations are
petformed by a Fortran code. The moment is multiplied by 1.25 according to VLA
395(2). The result of the calenlations is in Fig.3.5. It is seen that the setvo Futaba ps3032
can cope up to almost 20 degrees of deflection, according to the plot in Fig3.5. "this
amount of deflection is regarded as adequate and therefore a more powerful servo is not

tequired in this case.
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085 CONDOR INBOARD AILERON HINGE MOMENT
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Fig.3.5 Inboard Asteron Hingemoment Against Deflection Angle.

3.2.5 CALCULATION OF OQUTER AILERON HINGE. MOMENT
The calculation is omitted because of the similarity of the outer and inner aileron’s
geometry. Tt is therefore assumed that the same servo Futaba ps3032 may well be

adequate for the outer aileron, too.

K16






"This appendix deals with calculations on the Condor landing gear loading, Please refer to
sections and figures of Chapter 3 of this thesis where needed.

34.1 LOADING

Ground loads (nose wheel type) are calculated according to JAR-VIA requirements

(Ref.22). Nose wheel loading calculations were added for completeness.

A

v

e
-

Fig. 3.19 Level Landing Ground Loads.
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Level landing - Inclined reactions (VLA 479 (@)(2)(1) and Appendix C of Ref.22)

Weight of the aircraft W=Mg=(145)kg(9.61)m/ s’
Nose and main whecls contact the ground simultaneously (r ts called “L” in

Appendix C of Ref.22) :
L=0667T"=r= —}{'V—: 0.667 (VLA 725d)

R, =n=2.67 (limitinertia factor)

Vertical and horizontal component at CG (Fig.3.19) :
V=nlW=3797TN H=KaW=949 N [ K=0.25]
Vertical and horizontal component at ground :

V,=(n-r)W =2848N H,=KnlW =949 N

The angle of the resultant force with respect to the vertical is :

H
tan £ = Vg =0.333= f=18.4dcg
4
From figure at page 1-App C-2 (Ref.22) we have :
a'=acos f— hsinf =1026 mm d'=dcos f=1355mm
b'=d'-a'=329mm
hence matn wheel loads (both wheels) are

f 1
v, =V, Z=2156N D,=H Z-718N
r d' r £ d"
Note that this notation refers to loads per wheel 1n the Excel worksheet. Nose wheel
loads :

b b
V=V, —=346N Dy=H,—=115N

Finally, spin-up loads will be (ACJ-VLA 479 b) at the main wheels axle :
Py =-0.5V, =~1078N P, =06V =1294N
and at the axle nosc wheel

Py =05V, =-173N P, =06V, =208N
whilst spring-back loads will be at the main wheels axle
P, =05V, =1078N P, =08V, =1725N
and at the nose whed] axle

P, =05V, =173N £, =08V, =27TN

Landing with nose wheel clear (VLA 479 (a)(2)(1))

"This can be regarded as a subcasc of VILA 479 (2)(2)(3). In fact :
V.=V, =2848N D,=H,=94%N

Spin-up loads

P, =-0.5V =-1424N P, =0.6/, =1709N
Sprang-back loads

P, =05V, =1424 N P, =08V, =2278N
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J.anding with tail down (VLA 481 (2) and VLA 481 (b))

Load at main wheels (both wheels)
V. =(n—-r)# =2848N

Side load conditions (VLA 485 (a)(b)(c))

Fig.3.20 Ground Side Loads.
vo=v"_ = QSMW— =1892N

while inboard and outboard reactions are, respectively
S', =05 =711N S". =033 =469 N

Braked roll conditions (VLA 493 (a)(b)(c)

This case is added for completeness since no brakes are expected on the landing
gear. Caleulations assume that brakes act on the main gear only (Fig.3.21). Friction

drag on the nose wheel is neglected.

5
G
=

=650

B A
Fig.3.21 Braked Roll Loads.
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Calculating moments about *B”

1.33Wa
V= =1260N D, =uV, =1008N
r #h-{-d r lll r
Calculating moments about “A”

- 1.33Wb + D, k

=631N

3.4.1.1SUPPLEMENTARY CONDITIONS FOR NOSE WHEEL

Conditions for nose wheels (VLA 499 (a)(b)(c))

Static load on nose wheel

T y Ve =%é=129N
O
b

) 4 <
Aft loads
Vf =225V, =29IN D, =0.8Vf =233N
Forward loads
V,=225V; =291IN D, =04V, =117TN
Side loads T
v, =225V, =29IN D, =07V, =204N

Estimation of the nose wheel static turning moment is necessary to size the
servomotor which will be devoted to nose leg steering. Ref.34 (p.39) suggests a
method employed in the following. Static torque can be written as

M, =C,V;
where C,, is a function of the tire contact lenght “g”. From the Appendix C we
find the nose wheel outside diameter
Dy,=6in=015m
The loaded radius can be estimated as
loaded radius = 39 % D, =0.059 m d=D,/2-0.059=0.016m
a=24d\D, —d)=0.0926 m £=085a=0.079m=3in

Eventuaily we find (Ref.24, p.41, Fig.4-30)
C,, =0.0039m= M, =(0.0039)(129) =0.5Nm
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The servo Futaba ps3032 capable of a 0.79 Nm max torque seems to be adequate for
the nose wheel stecring. Note that 1n Tab.3.3 the static load on tite Vg is different

from the value used here and calculated in section 3.4.1.1; however, the value in
Tab.3.3 is lower, thus still validating thc result of these calculations. Moreover,
notation for wheel loads has been unified, hence in Tab.3.3 loads P, P, are

indicated as D, , ¥, respectively, or Dy, V, respectively. This notation will be used

in the following, too.

h (mm} = 550 W (k) ~ 145
almm)= 1298 ¢ e 0.667
b {mm) = [108 n= 267
d(mm)= |1403 K= 0.25
a'fmo)) = | 1057.535 beta (deg)= | 18.43065 .~ Angle of inclined reactions
(VLA 479 0. 2. 1)
d' (o) = | 1331.035 Vs (IN) = 106.4192 .-~ Static .oad on nose wheel
o (m/sZ)= 1980665 Safety factor | L5
Ref. Section | VLA 479 VLA 479 VLA 481 VI.A 485 V1A 499 (&) [ VLA 499 (b) | VLA 499 (c)
026 |a@n 0@
Case Inclined Nose Wheel |Tail Down {Side Loads [Aftl.oads* | Forward Side Loads
Reactions Cleac Landing l.oads *
V 5694.986 5694.966 3694.966 2836.818 2132.946 2132.946 2132946
H 1423.741 1423.741 0 1770.345 0 0 0
Ve 1697.211 2136.145 2136.145 1418409 (0 Q 0
Di -565.5960 -711.8708 0 4] 0 0 (0
S'e 0 G 0 1066.473 0 0 4]
S 0 0 0 703.8723 0 0 8]
Vi 438.9339 0 0 Y 359.1650 359.1650 359.1650
Di -146.2747 0 0 y -287.3320 243.6660 0
Sf Y 0 0 0 0 D 251.4155
Cases from ACI-VLA 479 ()(b)
Rif. Section | VLA 479 VLA 479
@R | @6
Case Spin Up * Spin Up * -
Vr 1018.327 1281.687
Dr -848.6059 -1068.072
Vi 263.3603 0
Df 219.4669 0
Case Spring Back * | Spring Back *
Ve 1357.769 1708.91¢6
Dr 848.6059 1068.072
Vf 351.1471 i
Df -219.4669 0
NOTES :

* = Loads at axlc

Positive vertical forces are upwazds.

Positive honzonlal forces are aft.

Tatces are calculated per

wheel.

Tab.3.3 Calculation of ground ultimate loads.
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342 SUPPORT REACTION CALCULATION

In order to calculate the support reactions we must apply on the structure the loads
calculated in section 3.4.1, multiplied by a safety factor of 1.5 to get the ultimate

loads. From this point and onwards we use the most severe cases listed in Tab.3.3.

The first loading case on the structure (Fig.3.22) to be analyzed is VLA 479
(@)(2)(1D).

A ame0s
; !
] |
H i /'V,
< il
=300 e D, |
17
D,
¢=156
>
z
Y

Fig.3.22 Schematic of Main Landing Gear Structure.
Calculating moments about an axis passing through “A” and parallel to the y-axis:

p — (300)(712) + (156)(2136)

) =905N
604

Gé6




while from the equilibrivm of forces :

P, =-905 - 2136 =-3042N

Fig.3.23 Spring-back Case.

_ (200)(1068) + (156)(1709)
- 604

P, =—1709 - 795 = 2504 N

P, =795N

Spin-up loads are also applied at the wheel axle, thus giving

I'ig.3.24 Spin-up Case.

_ (156)(1282) - (200)(1068) _
- 604 B

P, =—-1282+23=-1259N

P, 23N

G7




VLA 485 loading (side load conditons)

FFig.3.25 Side Load Case.

Note that on points C and D no other reaction than £, is considered because otherwise

the assembly becomes redundant. Calculating moments about an axis passing through

“A” and parallel to the y-axis

P, :(141680#:36651 = ~1418—366 =—~1784N

_(300)S™, +(745)V, — (400)1, + (400)P, — (345)V, + (300)S",
B 400

P =1328N

Calculating moments about an axis passing through “B” and parallel to the z-axis

(156)(1066) + (156)(704) _ 01

(345)S - (156)S',—(745)S - (156)5", =0=> 8 = 400

therefore the total vertical reactions on point A and its symmetric one are, respectively

P =-1784 +1328 =—456N P =-1784-1328=-3112N
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Final design values taken from the Excel worksheet are listed below

Ref. Section | VLA 479 VLA 479 VLA 479 VLA 485
(a)(2)(i1) (a)2)(i) {2)(2)(i)
Case Nosc wheel clear | Spin up Spring back Side loads
14 2136 1282 1709 1418
.
712 <1068 68
'Dr 10
s 1066
r
S 704
r
Pz 772 21 647 317
) -2908 -1260 <2336 -1735
S 597
P 1106

Tab.3.4 Calculation of Support Reactions.

3.4.3 CALCULATION OF MOMENTS AT INTERFACE FUSELAGE/LEG

According to the proposed design (Fig.3.18) the main gear torque tube would be
attached to the bottom fusclage at the existing landing skid hinge attachment points.
Loads applied at the landing gear wheels will generate there maximum bending
moments about the x and z axis, There is also a torsion moment about the y axis.
These moments will be calculated in reference to the loading cases in Tab.3.3 and to

the moment arms shown in Fig.3.22.

Case VLA 479 (a)(2)(i) - Nose wheel clear (Fig.3.22)
M, =(0.345W, =737 Nm

M, ={0.345)D, =246Nm

M, ={0.156)V, +(0.300)D, = 547 Nm

Moments from the spring-back loads (Fig.3.23)

M, =(0.345)), =590Nm

M, =(0.345)D, =—368Nm
M, =(0.156)F, +(0.200) ), = 480 Nm

G3




Moments from the spin-up loads (Fig.3.24)

M, =(0.345)V, =442 Nm
M, =(0.345)D, =363 Nm
M, =(0.156)V, — (0.200)D, = —14Nm

Case VLA 485 (a) - Side conditions (Fig.3.25)
M, =(0.345), -(0.300)8", =169 Nm

M, =(0.156)S", =166 Nm

M, =(0.156)V, =221Nm

Case VLA 485 (b) - Side conditions (Fig.3.25)
M , =(0.345)V, +(0.300)S"", =700 Nm

M, =(0.156)S" =110Nm

M, =(0.156)V, =221Nm

Final design values taken from the Excel worksheet are shown in the table below.

Moment arms of Fig.3.22 have been changed during optimization.

g {mm) = 275
b (mm) = 250
c{mm) = 135
bw{mm)= |150 _
d (mm) = 604
Applied Loads Spin-Up * | Spring Back * | Nesc Wheel Clear | Side Loads | Side Loady
Dr Drag (N) 1068.072 -1068.072 711.8708 0 0
Sr Side (N) 0 0 0 1066.473 | 703.8723
VT Vertical (N) 1281.687 1708.916 2136.145 1418.409 11418.409
Mx {(BM1) (Nm) 352.4640 465.9520 587.4400 123.4442  [566.0306
My (Leg Torsion) (Nm) | 12.81687 390.9146 466.3473 191.4852  1191.4852
Mz (BM2) (Nm) 293.7200 -253,7200 195.7644 1439738 | 95.02276
NOTES :
* =1 0ads at axle
Dr = +ve forward
St = +ve to outboard
Vi =+ve up

Tab.3.5 Ultimate Loads at Interface fuselage/leg (cases from VLA 479 a.2.ii and
485).
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