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A) Introduction

Operator: private, Czech Republic

Aircraft manufacturer and model: Urban Air company, type UFM 13 Lambada
Registration Mark: OK-NUA 09

Place of incident: South village Nakfi, Czech Republic

Date and time: 21" March 2009, 13:20 (all times are UTC)

B) Synopsis

On 21%' March 2009 AAIl (Czech Republic Air Accident Investigation Institute) was
notified of the air accident of a microlight aircraft near the village of Nakfi. During the
flight the fuselage got broken and the plane crashed. Its two-member crew was not
injured as the plane hit the ground but the plane was damaged.

Based on the airplane documentation and through physical comparison of the plane’s
main structural parts the commission has found out that the airplane did not match the
Type Certificate ULL — 021/98 including supplements as issued by LAA CR (Light
Aircraft Association of the Czech Republic) and in spite of that it was marked as
UFM-13 Lambada, wing extensions modification UFM 13/15 (further see part 1.6).
The airplane was registered under this marking and filed in LAA CR administration as
ULLa (microlight category). During the accident further investigation and when
elaborating the accident final report, the Commission proceeded as if the event
concerned a microlight aircraft mishap and for this reason corresponding terms have
been used.

The final report on the incident issued AAIl based :
Beranovych 130, 199 01 Prague 99, Czech Republic
fax: +420 266 199 234

web site: www.uzpln.cz

The cause of the accident was investigated by an Air Accidents Investigation Institute
commission comprising:
Commission chairman: Mr. Ing. Lubomir Stfihavka, AAII
Commission member: Mr. Milan Pecnik, AAIl
Mr. Ing. Petr Chvojka, LAA CR inspector

(03] The report includes the following main parts:

1) Factual information

2) Analysis

3) Conclusions

4) Safety recommendation
5) Annex No.l


http://www.uzpln.cz/

Abreviations used:

AAII - Air Accidents Investigation Institute of the Czech Republic
AGL - above groud level

AMSL - above mean sea level

GS - ground speed

CHMU - Czech Hydrometeorological Institute

LKHS - Hosin aeroport

LKR - limited airspace

LAA CR - Light Aircraft Association of the Czech Republic
MTOM - maximum take-of mass

ULLa - microlight category

QFE - Atmospheric Pressure at Aerodrome Elevation
RWY - runway

s/n - serial number

1 Factual information

1.1  History of the flight

The flight history has been established on the pilot’s testimony basis and that of other
persons on board. The data have been further specified according to the logger record
and secondary radar responder. The flight was executed as a VFR flight without a flight
plan.

1.1.1 Flight history according to testimony of both of the microlight pilots

The pilot executed the flight from the LKHS airport westwards in the LKR 8 limited
airspace and intended to land back at the airport where he had taken off. There was
another person with flying qualification aboard the plane (further referred to as co-pilot).
The take-off was performed from RWY 24 at 13:15 h. The aim of the flight was to verify
the secondary radar’s work and engine consumption at microlight horizontal flight. After
approximately a ten-minute flight the plane reached a height of ca 500 m AGL and
continued with a heading of 300° to 315°. At a distance of ca 14 km from the airport at
an indicated speed of 190 km/h the elevator control had an abrupt swift oscillation
followed by a quick change in aicraft attitude into the “on-back” position. The pilot found
out the aft fuselage with tail plane had a strange position with respect to the cabin and
started a rescue operation by activating the pyrotechnic rescue system. The co-pilot
took an active part in handling the situation by taking over airplane control and trying to
stabilize the airplane’s position. This effort had no effect and the plane was falling
nosedive. At that moment communication about the hopeless situation took place
between the crew. However the pilot told the co-pilot ...we are already on the
parachute...and the crew awaited a ground impact. On hitting the ground, the plane
turned over dorsal down. After removing the cabin glass dice, both of the pilots left the
plane in a hurry.

As the airplane hit the ground, the crew members did not suffer any injury to require
treatment. The tail part of the fuselage got broken and damaged in the impact.



1.1.2 Flight history according to “logger”

Aboard microlight was installed an instrument Filser LX 5000, so called “logger”. This
instrument records data (time, route speed, altitude above sea level, position...) from
GPS. Therefore in this section the height data were recalculated to AGL and the speed
is related to the aircraft movement relatively to the ground (GS).

According to the data recorded, the plane took off at 13:15:11 from RWY 24 LKHS.
After one minute and five seconds from the start the plane reached a height of 237 m
and a speed of 150 km/h. After another one minute the plane achieved a height of 352
m and a speed of 180 km/h. After another two minutes the height was 403 m and the
speed 192 km/h. At 13:20:26 the heading was 319° at 371 m height and 194 km/h
speed. Ten seconds after getting these data, the speed jumped down to 0 km/h and the
height to 308 m. At 13:21:16 the speed and height values were zero.

It follows from the above data that the flight lasted six minutes and five seconds and the
critical event took place at 371 m AGL at 194 km/h GS.

The flydat instrument type TL-3724STD indicated that engine speed had not exceeded
5,300 rpm. The value of vertical speed oscillated +/- 1 m/s across the route sectors.

The secondary radar responder recorded the same values.

1.2 Injuries to persons
Injuries Crew Passengers Others
(inhabitants, etc)
Fatal 0 0 0
Serious 0 0 0
Light/no injury 0/1 0/1 0

1.3 Damage to microlight

The fuselage got broken in flight in place where it changes to the spindle-shaped tail
part. Further, horizontal tail plane and engine cowling were damaged, propeller was
destroyed, cabin window and frame got broken and left wing trailing edge was
delaminated. There was a crack in the right wing 10 cm from the root, causing lost of
cavity tightness of the integral fuel tank.

Damaged of fusselage



Damaged of left wing trailing edge and right wing

1.4 Other damage

No other damage.

1.5 Personnel information

Pilot age/sex
Quialification

License validity
Medical certificate
Number of hours on GLD
on TMG
on microlight

42 y. [ male
pilot - instruktor GLD, TMG
pilot - instruktor ULLa (microlight)
valid
valid, no limits
2,600
200
450



Co-pilot age/sex 46y./ male

Qualification pilot - instruktor SEP land, MEP land,
TMG, FI(TMG)
pilot - instruktor ULLa (microlight)
License validity valid
Medical certificate valid, no limits

Number of hours on all A/C 2,000

Both of the crew members are experienced pilots. They intended to check the function
and correct work of the secondary radar responder and to verify engine consumption in
horizontal flight at the highest speed possible as preparation for a later attempt to break
record in endurance and time of flight in the TMG category.

1.6 Aircraft information

Microlight category ULLa type UFM 13 Lambada, modification UFM 13/15 is designed
for touring and pleasure flying with restriction to non-aerobatic operation. Microlight is
a one-engine all composite frameless mid-wing abreast two-seater. The tale-plane is
T-shaped design. Fixed undercarriage with a steerable tail skid. Microlight UFM 13/15
modification may be fitted with removable wing extensions. No extensions were used in
the flight.

It was found out that the crashed airplane wing had no flaperons, but only wings with
ailerons without flaps. This design difference is in contradiction with the ULL — 021/98
Type Certificate and its supplements. This configuration is designed for U.S. market
where these airplanes are operated in S-LSA category (light planes with MTOM less
than 600 kg.).

Microlight MTOM in basic configuration with a rescue system is 472.5 kg.

Aircraft manufacturer and model: Urban Air company, type UFM 13/15 Lambada

Registration Mark: OK-NUA 09

Year of build: 2008

Serial Number: 108/13

Empty weight: 317 kg (check March 10, 2008)

Crew permissible mass with 25 | fuel: 138 kg
SLZ registration document valid till 14 March, 2010 was issued on March 14, 2008.

The microlight was powered by Rotax 912 UL engine, s/n 44008900 and a 162-2-R
Varia Prop. Propeller s/n PA 10848716013. On the airplane there was a Galaxy 6/473
Soft B/R Rescue system s/n 3613/08/189/4345. Further, the plane was equipped with
a tow device type E85 s/n 159765.

Microlight was maintained conforming to the flight and operation manual. The last
maintenance was carried out on November 18, 2008 at total flight hours amounting to
109:30 hours. At the time of the accident A/C had accumulated 194:40 hours of which
122:46 hours in power regime. Number of landing totaled 257 cy. The operator reported
the tow device had not been used despite it was installed. The commission
recommended to check the tow device by experts.

Before taking off the fuel tanks were filled with 25 | of automobile petrol Natural 95.
MTOM at the time of the take-off was calculated 471.5 kg.



16.1 Microlight design

Microlight was an all composite design. The wing had been strength-tested at VUT Brno
(Technical University of Brno, Czech Republic). The tests did not include aeroelasticity
trials on the plane structure. In 2008 the Aviation and Space Research Centre of Prague
Technical University Faculty of Engineering (FS-CVUT Ustav letadlové techniky) was
requested by the manufacturer to make out a flutter resistance certificate of the tail-
plane of microlight type UFM 13. This project has not been finished but some data from
measurement have been collected.

The commission used these data and asked for their evaluation and resulting
conclusions. The report was amended with values from the crashed microlight.
The conclusions are given in Annex no. 1.

Microlight is made mainly from composites using glass or carbon fibers soaked in resin.
Some parts are reinforced with polyurethane foam. Written documents on the microlight
manufacture s/n 108/13 and physical inspection of the main parts did not indicate
presence of fundamental manufacturing defects or failure in manufacturing technology
of the plane set by the manufacturer. However, in order to have input values to check
the mass characteristics of the elevator, the elevator was cut into segments and it was
discovered that the manufacturing technology using manual laying of layers and
impregnating the fibers with resin did not guarantee uniform impregnation of layers
which leads to non-uniform mass distribution in the airfoil thickness. It was also found
that the elevator showed a manufacture-caused shape and size deviation (see Annex
no. 1). To have further information relevant to this fact, the commission got from the
manufacturer manufacturing documents of previous horizontal stabilizers.
The documents show that up to s/n 53/13 solely glass fabric was used, the stabilizer
mass being 7.9 kg. From s/n 55/13 to 86/13 a different composite composition was used
so that the mass ranged from 6.1 to 6.85 kg. Manufacturing tolerance was 5%. The five
per cent tolerance is 0.31 kg as calculated from the average mass of horizontal
stabilizers. From 2007 year, s/n 91/13 to 126/13, the assembly unit elevator-stabilizer
was weighed separately. The mass of elevators ranged from 2.06 to 2.5 kg, those of
stabilizers ranged from 4.07 to 4.95 kg. The mass of the whole horizontal tail unit of the
investigated microlight was 6.62. In addition, it was found out that from 2008 and from
s/n 107/13 the horizontal tail surfaces were manufactured by another manufacturer. The
tolerance set by the manufacturer was again 5%. Horizontal tail units of this series were
mounted on both of the crashed airplanes (OK-NUA 09, s/n 108/13 and N17UA, s/n
111/13).

The manufacturer uses for microlight modifications of this type a number of identical
assemblies and parts. Design configurations of horizontal and vertical tail surfaces and
fuselage are the same for all microlight modifications and S-LSA airplanes.
The horizontal tail surface is attached to the fin by two pins secured with a screw. The
steering rod is connected with the elevator with a quick-acting coupler and the elevator
is attached through five composite hinges. The elevator control rod is made of a thick-
walled steel material, which simultaneously works as a mass balance of the longitudinal
control. It can be seen in Annex no. 1, that despite this design the assembly is mass-
balanced to 85.2%. The static unbalance of 14.8% corresponds to the missing static
moment 194 kgm ahead of axis of rotation of the elevator. On the trailing edge the
elevator was equipped with a trim tab made of light metal. The manufacturer provided
documentation, but the trim tab was missing in the microlight assembly drawing.
Microlight is also longitudinally balanced by placing an electric battery of cca 5 kg into
the fin of the vertical tail surface.



1.6.2 Microlight registration procedure of LAA CR

On March 10, 2008 a service protocol was filled out in which microlight is identified as
UFM-13 Lambada. The notion ‘lift flaps” was scratched in the test protocol. An
microlight registration document was issued on March 14, 2008 under the designation
UFM-13 Lambada. A document of insurance payment was added to the registration
document and based on that, microlight was filed into the Czech Light Aircraft
Association and a technical certificate was issued with a validity till March 14, 2010.
Microlight was assigned a registration mark OK-NUA 09.

1.6.3 SLZ operation restriction — flight manual

Microlight had a flight manual issued for UFM-13 type, s/n 108/13. Microlight
modification is not specified in the flight manual. The flight manual contains actions
including the emergency procedures that are the same as for UFM-13 type with nose
undercarriage and wing with flaperons.

The speed limit colour designation on the speed indicator did not correspond to data in
the flight manual. Ve was marked at 220 km/h. This value holds for aircraft of S-LSA
category.

Colour-codet of max. speed on microlight airspeed indicator Reg.mark OK-NUA 09

Letova pfiruéka pro ultralehky letoun
UFM - 13

24 Uvod

Kapitola 2 obsahuje provozni omezeni, znaéc_ni pristroju a
zékladni stitky nutné pro bezpe¢ny provoz letounu, jeho motoru,
standardnich systému a vybaveni.

2.2 Letové rychlosti

Omezeni letovych rychlosti a jejich vyznam pro provoz jsou
uvedeny v nasledujici tabulce :

Rychlost
l Nepiekrocitelna
Ve rychlost

|

)

Vyznam
| Neprekrocujte tuto

chlost v zadném I |

—

Nad tuto rychlost ‘

l‘ Navrhova

nepouzivejte plné
‘ | vychylky kormidel ani
~ Va obratova 135 ! nevykonavejte rychlé
rychlost ‘ | zasahy do fizeni - mohlo ‘
} ’ } ‘ by dojit k pretizeni
[ | | letounu As
‘ 1 Maximalni Nepfekracujte tuto
i konstrukéni rychlost s vyjimkou letu
Vo cestovni 14> v klidném vzduchu a i
\ rychlost ‘ tehdy pouze s opatrnosti
' | Max. rychlost Nepfekracujte tuto |
Vee pfi vysunutych 110 |rychlost pfi vysunutych |

|~ kiapkach | | Klapkach |

Flight manual of Reg.mark. OK-NUA 09




1.7 Meteorological information

Description of the meteorological situation was made out from a report by the Czech
Hydro-meteorological Office and the annex to the SYNOP statement of Temelin station.

Report of Hydro-meteorological Office:

Situace: Slabouci hieben vysokého tlaku vzduchu.

Prizemni vitr. 340-360/6-12KT

Vyskovy vitr: 2000FT AGL 260/12KT/+04°C, 5000FT AGL 300/18KT/-02°C
Dohlednost: nad 10 km

Stav pocasi:  oblacno, beze srazek.

Oblacnost : BKN CU 4000 FT AGL

Turbulence: NIL

Vyska nulové izotermy: 3500 FT AMSL

Namraza: NIL

SYNOP statement of Temelin station:

SIVOK - Vypis ze zprav SYNOP stanice 11538 - Temelin

N=celkove pokryti MAX=naraz vetru v prubehu A=automaticka stanice

DDHH N VITR/NAR. DOHL. STAV OBLACNOST TEPL. R.BOD MAX
ST.\KT M/KM POCASI FT AGL ST.C ST.C MPS

----------------- Zpracovano 30.03.2009 10:31:50 UTC ----------------

2111 7340 8  45km 7 CU 3900 0.7 -8.1
2112 7350 12 45km 7 CU 4000 15 -7.3
2113 4360 4  40km 4 CU 4100 2.2 -8.1

Meteorological conditions were also described by the pilot of a plane who was carrying
out agricurtural activities in the LKR cca 10 to 15 km north of the accident site. The pilot
reports the sky was first clear in the middle of morning, then the cloudiness was 6/8 of
the sky coverage and at the same time there began a strong turbulence in ground levels
up to 50 m AGL. In the afternoon the cloudiness diminished and single cumuli began to
appear with strong upward air streams.

1.8 Aids to navigation

NIL

1.9 Communications

When changing into the horizontal flight, the pilot communicated with the ATS Praha
Terén.

1.10 Aerodrome information

The plane took off from the Hosin domestic public airport and landed in the field near
the Village of Nakfi using its Rescue parachute system.



Flight recorders

On board the plane there was a “logger” recorder type FILSER LX 5000 1GC-220 GPS,
s/n 01445. The instrument had been disconnected following the electricity cut off as the
plane hit the ground. There was no visible damage to the instrument, which made it
possible to evaluate the data recorded. The record was evaluated using a computer and
a program provided by the operator.

Note. Logger time is set at local time and aircraft identification is ASK 13.

Dat e
Pllot:  Nemame
étron:

Altitude Ground speed

Vertical speed SSR Radar

1.12 Description of accident site

The site of the accident was at the southern part of the village of Nakfi near town
Hluboka nad Vltavou. The accident site coordinates are as follows: N 49° 06°44",
E 014°20°12"" and elevation above see-level is 332 m.

Fallen on the ground, microlight lay on its back. The aft part of the fuselage had been
separated, hanging just on the rest of the cables of direction control and accumulator
cables. The front part of the fuselage and the port wing’s hinge were damaged by the
impact. Fastening belts were unbuckled. The rescue parachute was attached to the
fuselage. In the accident surroundings there was free land without obstacles.

About 50 m behind the wreckage there were electricity lines.
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On hitting the ground and firemen’s action HZS was turned back

On the port side of fuselage was a crack at an angle of 45 — 50° in radial direction to the
fuselage axis. The rest of the elevator control rod, cables and tubes had been deflected
to left. The missing part of the body shell 10 x 10 cm large was found around 200 m
from the impact spot opposite to the flight direction. After dismantling the elevator it was
found out that connection between the elevator bracket and the fin, and the inner fin

structure were delaminated.

Damage of connection between the elevator bracket and the fin

After dismantling the elevator it was discovered that three hinges of the elevator were
damaged. The connecting lever of the rudder control rod was deflected ca 15°

downward.

11



Damage of hinge and elevator control lever

1.13 Medical and pathological information

Neither of the pilots suffered injury requiring treatment

1.14 Fire

NIL

1.15 Survival aspects

No search has been organized. Rescue service, Police, and Firemen were called out to
the accident site by the accident participants.

1.15.1 Rescue parachute system

Microlight was equipped with an emergency system Galaxy 6/473 Soft B/R,
s/n 3613-08-189-4345. Analyzing “logger” data it was found out that the system had
been activated ca 5-7 s after the fuselage had broken ca 300 m above the ground. The
canopy cover of the rescue parachute had been cast slant under the falling airplane.
This position confirms the pilots” testimony they were “head down” after the fuselage
had broken. The calculated trajectory needed to stabilize the fall of the plane was
120-150 m. For the last 5-7 m of the downfall the plane was sinking in a stable position
with a vertical speed of ca 6 m/s. At rescue system’s activation the activation speed
was not exceeded since the parachute canopy tearing seams had not been ripped
open. It may be suggested that the aicraft downfall speed at the time of system
activation and canopy filling had been reduced to less than 120 km/h.

1.16 Tests and research
The AAIl commission ordered to:

- Finish and evaluate background documents certifying the microlight structure
flutter resistance from the measurements conducted in 2008 by the Aviation and
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Space Research Centre of CVUT Prague, Aircraft Institute of Faculty of
Engineering.

- Assess wear of the towing device by Mechanoscopy Laboratory of the Police of
Czech Repubilic.

16.1 Evaluation of SLZ flutter resistance

The flutter calculation results based on experiments of ground frequency tests and
a detailed mass analysis of the elevator of the crashed microlight point to the real
possibility of the tail plane’s self-excited oscillations. The lowest theoretical (calculated)
“flutter” speed at 800 m MSA occurs at a speed of 163 km/h EAS.

Note: Full text of the report on microlight flutter resistance is given in Annex no.1, to this final report
only Czech language, but on the end is shortly report on English language.

16.2 Wear assessment of towing device

It follows from the research that the towing device has no trace of wear on its active
parts which could be attributed to towing. On the mechanism bottom part facing earth
there were numerous scratches, indents and holes caused by crash into a solid
obstacle. According to the operator these scratches were due to microlight rear part
rubbing the ground when passing the border between grassy and concrete airport
surfaces. The operator classified them as “light scratching”.

1.17 Organizational and management information

NIL

1.18 Additional information

On June 23, 2009 an accident took place in the US territory (near San Antonio)
involving a light aircraft of S-LSA category, type UFM-13 Lambada registration N17UA
s/n 111/13 (the accident is registered in NTSB database under CENO9LA379).

= - —

_ - REE,
Photo of UFM-13 Reg. mark N17UA, air accident in U.S.A.

Taking into account the mishap consequences on the aircraft, both the US and the
Czech accidents were most likely identical. Mutual exchange of information on both of
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the events has been started immediately. It was agreed that NTSB will await results of
microlight flutter resistance calculation and AAII investigation report on the accident in
the Czech Republic.

18.1 Microlight manufacturer

Following the accident, negotiations with the manufacturer took place. As a result
a binding bulletin no. UFM 13-1/2009 has been issued, in which operation restrictions
were set and a check on elevator hinges was ordered. The bulletin has been distributed
to foreign operators, too. Since then the operator yielded some information on microlight
manufacture, but later stopped communicating. Several attempts to renew contacts
were without success. It was found that that the manufacturer passed under
a bankruptcy administrator, but contact attempts were again unsuccessful.

1.19 Useful or effective investigation techniques

The incident has been investigated according to L 13 National Regulation (Investigation
into Air Accidents and Incidents of the Czech Republic) as per recommendation of ICAO
(Annex 13).

As for the accident in the U.S.A, the AAIl commission did not check procedures applied
to differential flight tests of UFM-13 modification S-LSA. The S-LSA category is not
operated in the Czech Republic.

2 Analyses

It follows from the analysis done that the most likely cause of the accident was “flutter”,
an aeroelasticity phenomenon, which occurred on the horizontal tail surface bringing
about a loss of integrity of the fuselage and in-flight separation of its rear part.

2.1 Effect of microlight construction on flutter

Aeroelasticity phenomena that may develop during the flight are linked with an aircraft
structural design. Some technological, design and manufacturing deviations may cause
this effect to appear in flight even within operation limits for a given airplane, particularly
if a real chance of its appearance is not positively excluded. The revealed fact that the
elevator manufacture experienced a non-uniform mass distribution (resin flow, trim tab
assembly...), which caused the elevator’s static unbalance, made flutter more likely to
take place on this part of horizontal tail surface. From the point of view of the airplane
construction, damping of the self-excited oscillation of a composite structure need not
necessarily lead to the critical conditions. The aeroelastic phenomena were probably
provoked also by the T-shaped empennage design and by interference of the vertical
and horizontal surfaces. From the experimental results available it is very unlikely that
the fuselage destruction could have been caused solely by one factor. Only a few
defects of elevators were revealed during their inspection by the manufacturer. The
operator of the microlight with damaged hinges did not know of any similar case of
steering vibration. In this connection the manufacturer issued a bulletin UFM 13-2/2009
on how to repair damaged hinges.

14



2.2 Effect of flight conditions on flutter

From the pilots® testimony and the “logger” records the fuselage was apparently
destroyed in a horizontal and stable flight, which from the point of view of speed was
executed near the upper limit of operational restrictions for this type of microlight. The
upper limit of the operational restriction was not established unambiguously. Restriction
colour markings on the speed indicator and data in the flight manual were different. The
effect of meteorological conditions on the flight cannot be assessed unambiguously as
the information available was not sufficient. Taking into account the season, the effect of
upward thermals cannot be excluded. In the flight manual the manufacturer does not
specify in more detail the term “calm air”, on which depend operational restrictions from
the point of view of flying speed.

3 Conclusions

- Both of the pilots had required qualification and valid medicals;

- Meteorological conditions met the requirements that apply to VFR,;

- Operational restrictions stated in microlight manual were not exceeded,;

- Provisions in the flight manual for microlight S/N 108/13 did not correspond to
microlight actual state and design;

- Microlight had an airworthiness certificate which was in contradiction with the text
of the Type Certificate ULL — 021/98 and supplements issued by Light Aircraft
Association on February 22, 1998;

- Microlight had been registered by LAA CR on the basis of wrong assessment of
microlight actual state;

- Microlight was not operated above the limit of MTOM;

- Connection with found delamination of elevators” composite hinges has not been
proved,;

- Connection with findings on lower part of towing device and its contact with
terrain obstacles was not proved;

- The place of the take-off had no effect on the accident.

3.1 Effect of flight conditions on flutter

From the pilots” testimony and the “logger” records the fuselage was apparently
destroyed in a horizontal and stable flight, which from the point of view of speed was
executed near the upper limit of operational restrictions for this type of microlight. The
upper limit of the operational restriction was not established unambiguously. Restriction
colour markings on the speed indicator and data in the flight manual were different. The
effect of meteorological conditions on the flight cannot be assessed unambiguously as
the information available was not sufficient. Taking into account the season, the effect of
upward thermals cannot be excluded. In the flight manual the manufacturer does not
specify in more detail the term “calm air”, on which depend operational restrictions from
the point of view of flying speed.
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4 Safety recommendations

a) The manufacturer of microlight type UFM 13 Lambada, UFM 13/15 modification in
collaboration with LAA CR’s chief technician and supervisor will propose a solution for
ULLa and S-LSA categories to enhance flutter resistance of the microlight construction
within design and operation limits. | recommend toverify this solution by a competent
laboratory. After the verification and data evaluation new operational limits should be
established.

Note: If the manufacturer cannot find a suitable technical solution, it should be proposed by a
supervision body in collaboration with the chief technician of LAA CR.

b) The proposed and verified technical solution should be implemented in all SLZ
products of UFM-13 type. By the time the new technical solution is fielded, the
operational limits according to the binding UFM 13-1/2009 should be maintained.

c) | recommend that microlight manufacturers should introduce suitable measures to
assure the quality of microlight manufacture.

d) LAA CR administration should adopt suitable measures in the system of microlight
registration.

e) This final report should be made available to the US aviation authority to revise
airworthiness certificates of these aircraft in S-LSA category.

Prague 21 December 2009

Note : following Annex No. 1
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Uvod

V souvislosti s odbornym zjistovanim pfic¢in letecké nehody ze dne 21. 3. 2009
letounu UFM-13 Lambada imatrikula¢ni znacky OK-NUA 09, pfi které dosSlo za letu k
nahlému odd¢leni zadni ¢asti trupu s ocasnimi plochami, bylo pracovisté aeroelasticity Centra
leteckého a kosmického vyzkumu Ustavu letadlové techniky FS-CVUT v Praze pozadano
Ustavem pro odborné zjistovani pii¢in leteckych nehod (dale UZPLN) o posouzeni moznosti
vzniku flutteru ocasnich ploch.

Pro aeroelastické Setieni byla pouzita standardni metodika pouzivané pracovistém pro
hodnoceni flutterové odolnosti malych sportovnich letount. Metodika spociva v provedeni
pozemnich frekvencnich zkouSek pro experimentalni stanoveni vlastnich zplGsobli kmitani
konstrukce (vlastnich tvard a frekvenci) a hmotové analyze aerodynamickych ploch a
kormidel. Frekven¢ni charakteristiky spole¢né s rozlozenim hmotovych charakteristik podél
aerodynamickych ploch a kormidel tvofi podklady pro navazné vypocty zavislosti
aerodynamickych tlumeni a frekvenci jednotlivych moda kmitani v zavislosti na rychlosti
letu. Nestacionarni aerodynamicky model v téchto vypocdtech pouziva dvourozmérné
analytické schéma Theodorsenova tenkého kmitajiciho profilu s klapkou. Kritické rychlosti
flutteru jsou hodnoceny z téchto pribéhd tlumeni dle metodiky FAR 23 626.

Vzhledem k tomu, Ze se za ucelem budoucich flutterovych prikazi realizovaly v roce
2008 pozemni frekvenéni zkousky letounu Lambada s 15m kiidlem navrzenym pro kategorii
LSA (dale oznatovana jako USM-15), byly tyto frekvenéni charakteristiky pouzity i pro
flutterové analyzy ocasnich ploch Setfeného letounu UFM-13. To umoznila stejna konstrukce
trupu a ocasnich ploch obou variant vcetné zabudovanych vlekacich zafizeni. Zkousky
provedené s minimalni a maximalni hmotnosti sou€asné prokazaly prakticky nezavislost
coz potvrdilo opodstatnénost prevzeti vysledkli frekvencnich zkouSek ocasnich ploch z
letounu s modifikovanym 15m kiidlem LSA.

Hmotnostni charakteristiky byly zpracovany na zaklad€ vykresové dokumentace a
technologickych postupti poskytnutych vyrobcem.

Z rozboru stavu havarované konstrukce v misté zavéstu kormidla vyskového se ukazala
realna moznost flutteru vazana na vyskové kormidlo. Proto, pro co nejvérohodnotné;si ziskani
hmotovych charakteristiky do vypoctového modelu flutteru, bylo u vysSkového kormidla
provedeno podrobné laboratorni vySetieni hmotnostnich charakteristik originalniho kusu z
havarovaného letounu.

Zprava v jednotlivych kapitolach podava stru¢ny piehled o metodice pozemnich
frekvenénich zkousek, jejich vysledcich, vyhodnocenych hmotnostnich charakteristikach s
detailngj$im rozborem laboratorniho Setfeni hmotnostnich parametri originalu vyskového
kormidla. Dale jsou prezentovany vysledky vypoétu flutteru ve formé klasickych diagrami
tlumeni a frekvenci v zavislosti na rychlosti, jejich zhodnoceni a vyjadieni k moznosti a
podminkam vzniku flutteru.

V Praze dne 30. 8. 2009



Pouzita symbolika

zaporny logaritmicky dekrement Gtlumu

(zéporny prirozeny logaritmus poméru dvou naslednych amplitud kmitu)

d 1
f [Hz] ...
h [m]
m [kal .ol

m(x), m(x), m(z) [kg/m]........
XTbez(y,Z) [1] ..............

X [m]
y [m
z [m]

Ir(y), Ir(2) [kgm?m] .............
Joo(Y), Joo(2) [kgm?m] ..........
SnH(Y), Snu(z) [kgm/m] ........
Soo(Y), Soo(z) [kgm/m] ...........
V [km/h]
Vb [km/h] e
Vkrit [km/h] .............

Ve [km/ h] .............

El

Indexy a zkratky
EAS ekvivalentni rychlost

frekvence
vyska letu dle MSA
hmotnost letounu

A%

délkovy rozmér ve sméru trupu
délkovy rozmér ve sméru rozpéti VOP
délkovy rozmér ve sméru rozpéti SOP

mérny moment setrvacnosti k t€Zisti fezu

mérny moment setrvacnosti k ose otaceni

mérny staticky moment k nabézné hrané

meérny staticky moment k ose otac¢eni kormidla

rychlost letu

navrhova konstruk¢ni rychlost

nejnizsi piipustna rychlost do které se nesmi vyskytnout
nepiipustné samobuzené kmitani
nepiipustnému samobuzenému kmitani dle metodiky
FAR

konstrukéni tlumeni
hustota vzduchu

amplituda ohybové slozky vlastniho tvaru
amplituda pfedo-zadni ohybové slozky vlastniho tvaru
amplituda torze vlastniho tvaru

MSA Mezinarodni standardni atmosféra
MTOW maximalni vzletova hmotnost

OP ocasni plocha

SK smérové kormidlo

SOP svisla ocasni plocha
TAS skute¢na rychlost

VF vlastni frekvence

VK vySkové kormidlo

VOP vodorovna ocasni plocha
VT vlastni tvary

VZK vlastni zptisob kmitani
tr trup



1. Frekvenéni zkousky

V obdobi od 4.8. do 8.8. 2008 byly provedeny pozemni frekvencni zkousky letounu
USM-15 Lambada v prostorach vyrobniho podniku Urban Air s.r.o v Usti nad Orlici. Uelem
téchto méfeni bylo ziskani frekven¢nich podkladl pro nadvazné prikazy flutterové odolnosti
konstrukce. Vzhledem ke shodné ¢asti trupu a ocasnich ploch lIze vysledky téchto
frekvencénich zkousek piimo vyuzit pro flutterovou analyzu ocasnich ploch letounu UFM-13
Lambada dle zad4ni UZPLN.

Hmotnostni konfigurace

Frekvencni méfeni se provadéla ve dvou krajnich hmotnostnich variantach. V "lehké"
varianté se napodoboval stav jednoclenné posadky a letounu bez zasoby paliva. Do kokpitu
letounu se vlozilo zavazi 0 hmotnosti 65kg, tj. lehéiho pilota. "Tézka" varianta odpovida
maximalni vzletové hmotnosti letounu (plna palivova nadrz, kompletni posadka). Letoun byl
dovazen na celkovou hmotnost 599,9kg pro prikaz v kategorii LSA (MTOW 600kg).

Hmoty v kabiné byly rozmistény tak, aby simulovaly polohu pilota/-ti pfi letu. Vzdy pted
samotnym meétfenim byla hmotnost letounu kontrolovana tfemi elektronickymi vahami.

1) Lehka varianta: 2) Tézka varianta:
Prazdny letounu 322,6 kg Prazdny letoun 322,6 kg
Pilot 65 kg Palivo 75 kg
Celkem 387,6 kg Posadka 202,3 kg
Celkem 599,9 kg

Na zaklad¢ rozborti namétenych vlastnich frekvenci (viz odstavec "Vysledky") byly pro
vySetfovani flutteru ocasnich ploch pouzity frekven¢ni charakteristiky leh¢i, tj. varianty

388kg.

Popis zkousky

Zkouska vychazi ze standardnich postupli experimentalni modalni analyzy letecké
konstrukce buzené harmonickou silou s postupné proménnou budici frekvenci. Budiée jsou
umistény na vhodnych mistech pro vybuzeni jednotlivych vlastnich zptisobti kmitani (VZK).
Odezvy konstrukce jsou snimany akcelerometry v bodech navrzené sité — viz Obr. 1.1.

Obr. 1.1 — Rozmisténi méficich bodd na VOP



Data ze snimacu sil v mist¢ kontaktu budi¢e s konstrukci a z akcelerometrickych
snimacu se zpracovavaji rychlou Fourierovou transformaci (FFT), ktera slouzi k pievodu
signalu z ¢asové do frekvencni oblasti pro identifikaci vlastnich frekvenci.

Pouzity vypoctovy model flutteru [4] vyZaduje frekvencni charakteristiky zakladni
konstrukce s pevnymi kormidly (fixovana kormidla k aerodynamické plose) a samostatné
frekvenéni charakteristiky kormidel pii pevné (fixované) konstrukci. Z téchto divodi se VZK
zakladni konstrukce zjistuji ve stavu, v némz se letoun pohybuje ve vzduchu (pohybova
volnost v prostoru, stejna rozlozeni hmotnosti). Letoun je proto zavésen na odpruzeny ram s
vlastni frekvenci niz$i nez 6 Hz — viz Obr. 2.2. Pfi méfeni frekvencnich charakteristik
kormidel je naopak letoun spu$tén na zem a pevné nosné plochy, K nimz jsou pfislusna
kormidla uchycena jsou zafixovany. Tim je zajisténa izolovanost kormidel viaci zakladni
konstrukci letounu.

Obr. 2.2 — Zavéseni letounu do pruzného zavésu

Pro vyhodnoceni t¢inku pilota na frekvenéni charakteristiky kormidla (kontakt pilota s
fidici pakou ¢i pedaly) je efekt "drzeni" fidici paky simulovan lkg zavazim na jeji rukojeti.
Tyto frekvenéni charakteristiky tzv. "pevného fizeni" jsou doplnény charakteristikami tzv.
"volného fizeni", které odpovida opaku, tj. bezkontaktnimu stavu fizeni (fidici paky bez
zéavazi).

Buzeni konstrukce se provadi jednak symetricky (budice symetricky rozmisténé vici
roviné symetrie letounu a budi ve fazi), jednak antisymetricky (budice v téze poloze, avSak na
jedné strané roviny symetrie budi v protifazi vii¢i budi¢iim na opacné stran€ roviny symetrie).

Detailngjsi rozbor a metodika zkousky jsou uvedeny v [7] a [8].

Metodicky postup
a) RozvrZeni sité méficich bodu po povrchu letounu
Body pro umisténi akcelerometrickych snimact se navrhnou v optimalni hustoté podél
rozpéti pevnych aerodynamickych ploch a kormidel, zejména s ohledem na vyhodnoceni
prabéht vlastnich tvari.



Aby bylo mozné ur¢it translacni a rotacni slozky vlastnich tvart pficnych fezt, davaji
se méfici body po hloubce (podél tétivy) aerodynamickych ploch do blizkosti nabézné a
odtokové hrany.

V mist¢ kormidel se ptidava dalsi meéfici bod mezi nabéznou hranu pevné
aerodynamické plochy a odtokovou hranu kormidla. Bod se umist'uje na pevnou plochu pied
osu otaceni kormidel. Ti méfici body na tétivé umozni urcit rotacni slozky vlastnich tvart
kormidel plochy s fixovanym kormidlem i rota¢ni slozku kormidla k ose otaceni vuci plose —
viz Obr. 1.1 pro VOP.

b) Vytvoreni prostorového modelu se siti méiicich mist

Na zakladé rozvrzené sité se generuje prostorovy model bodii se snimaci a budicimi
body. Cislované body jsou geometricky vazany na zvoleny soufadny systém. Zavedeny
prostorovy model boda na konstrukci ocasnich ploch bez kormidel, ktery je zobrazeny v post-
procesingovém programu ME’Scope pro vyhodnocovani vlastnich frekvenci a animaci
vlastnich tvart (viz déle bod "h"), ukazuje Obr. 3.1.

Persp: +10 by
Obr. 3.1 — Prostorovy sitovy model méticich bodi OP bez koormidel

C) ZavéSeni letounu na ram s nizkou vlastni frekvenci
pies pruziny s odpovidajici tuhosti (resp. vlastni frekvenci) — viz vyse odst. Popis zkousky,
Obr. 2.1:

d) Upevnéni akcelerometri na méfici mista sité
Akcelerometry se uchycuji do umélohmotnych klestin, které se ptilepi oboustrannou
lepici pénovou hmotou k povrchu konstrukce - viz Obr. 4.1.



Obr. 4.1 — Uchyceni jednoosého akcelerometru

e) Umisténi budici a pripevnéni k letounu
Do elektrodynamického budice je zaSroubovana pruzna tycka. Druhy konec tycky je
opatien snimaéem sily a vakuové piichycen ke konstrukci letounu, jak ukazuje Obr. 5.1.
Tyc¢inka zarucuje, ze vyvozujici sila na konstrukci je normalova k povrchu konstrukce.

(I

(]
=

Obr. 5.1 — Elektrodynamické budice s pfisavkovym upevnénim ke konstrukci

f) Buzeni nosné konstrukce s aretaci kormidel v obou hmotnostnich variantach

Rizeni kormidel bylo pii zkouSce aretovano pomoci fetézi a rozpérek v kabing. Na
ocasnich plochach se budice ustavily polovicni hloubky stabilizadtoru v fezu 350 mm od osy
symetrie kluzaku — Obr. 5.1.

Buzeni bylo provedeno funkci "sweep-sine” v rozsahu (0,5-100)Hz. Béhem
symetrického buzeni byly funkce ve spolecné fazi a pro nesymetrické buzeni s poloviénim
posunutim fazi. Frekvencni rozliSeni bylo nastaveno na krok 0,125 Hz. Pro piesnéjsi vysledky
se budici cyklus opakoval ve stanoveném frekvencnim rozsahu s deseti primérovanimi.
Tato operace vyznamné prodluzuje dobu méteni. Pro castecné urychleni se stanovuje 2/3
prekryti budicich cykli.



Hodnoty budiciho signalu ze snimaci sily na budicich a signalti ze snimaci zrychleni
jsou zpracovavany a vyhodnocovany v realném case rychlou Fourierovou analyzou
analyzitorem Pulze BRUEL&KJAER s programovym vybavenim PULSE LabShop.

Vzhledem k omezenému poétu snimaci je frekvencni zkouska nosné konstrukce
rozlozena do nékolika navaznych etap s postupnym premistovanim bloku snimaci.

g) Buzeni Fidicich ploch na nezavéSeném letounu a fixovanou nosnou konstrukci

Vyskové kormidlo bylo méfeno dvéma zpusoby. Nejprve se cela fidici soustava
ponechala volna, letoun byl spustén na zem a horizontalni stabilizator byl fixovan — tzv.
"volné fizeni". V druhém ptipad¢ se simulovalo ¢aste¢né tlumeni od pilota drziciho fidici
paku ptridanim lkg zavazi na rukojet’ pti téze konfiguraci letounu — tzv. "pevné fizeni".
Smérové kormidlo bylo méfeno pouze jako volné. Kylova plocha SOP pii buzeni smérového
kormidla nebyla fixovana, nebot’ se uvazovalo malé ovlivnéni VZK smérového kormidla
deformacemi kylové plochy v mistech zavéSeni kormidla.

Pro vyskové kormidlo byly pouzity dva budice, buzeni bylo pouze symetrické. Smérové
kormidlo bylo buzeno jednim budi¢em. Budi¢ byl vzdy uchycen k odtokové hrané¢ kormidla.
Poloha vyskového kormidla byla 526mm od stfedové osy letounu.

Metodicky probiha buzeni stejné jako buzeni nosné plochy (“sweep-sine™ funkce,
opakovani). Rovnéz vyhodnoceni a zpracovani signali rychlou Fourierovou analyzou
analyzitorem Pulze BRUEL&KJAER s programovym vybavenim PULSE LabShop je
analogické.

h) Vyhodnoceni rezonanénich stavii — vlastni frekvence a vlastni tvary
Vyhodnocena data byla exportovana do programu ME’Scope, ktery umoZni
vyhodnotit vlastni frekvence podle vhodnych kriterii a ptislusné deformacni tvary v bodech
sit¢ modelu vytvofeného v bodu "b" pro libovolnou (tim i vyhodnocenou vlastni) budici
frekvenci ze skaly generovanych frekvenci funkci "sweep-sine”.
Na Obr. 6.1 je ukazka 1. vlastniho tvaru symetrického buzeni konstrukce ocasnich
ploch s fixovanymi kormidly, ktery odpovida svislému ohybu trupu.

3DView: 6,67 Hz [Min-Max]

z
Amp: 1,0, Dwell: 10 x‘i-‘r
Persp: +10

Obr. 6.1 — 1. vlastni tvar OP symetrického buzeni pfi frekvenci 6,7Hz




Pouzité zarizeni a vybaveni

Frekvenéni zkousky byly zrealizovany pomoci zkuSebniho zafizeni pro modalni
analyzu TL-5412_CDD s post-procesingovym programem ME’ScopeVES — viz Obr. 7.1.
Pti zkouskach bylo pouzito nasledujici pfistrojové vybaveni:

- modalni analyzator TL-5412_CDD;

- dva elektrodynamické budice;

- dva piezoelektrické snimace sily;

- osm piezoelektrickych snimact zrychleni;

- dynamicky analyzator Pulze BRUEL&KJAER.

Obr. 7.1 — Méfici tstiedna TL-5412_CDD s ptislusenstvim



Vysledky

Vlastni frekvence

V tabulkdch Tab. 1.1 a Tab. 1.2 jsou pro obé hmotnostni konfigurace uvedeny
vyhodnocené vlastni frekvence symetrickych a nesymetrickych modt konstrukce s
fixovanymi kormidly. Porovnani téchto hodnot potvrzuje piedpoklad, ze celkova hmotnost
ovlivituje frekvencni charakteristiky ocasnich ploch minimalné¢ (neparové vyhodnoceny jen
dvé frekvence: 9,4Hz lehké varianty a 33,5Hz tézké varianty u symetrickych ptipadt). Proto
jsou pro aeroelastické vypocty pouzity pouze frekvencni charakteristiky jedné, a to lehké
hmotnostni konfigurace.

Vlastni frekvence prvnich tvart izolovaného vySkového a smérového kormidla s pevnym
a volnym fizenim jsou obsazeny v Tab. 1.3 a Tab. 1.4.

Lehka varianta — 388kg
Vlastni tvary
Symetrické buzeni [Hz] Nesymetrické buzeni [Hz]
1. Tvar 6,69 4,94
2. Tvar 8,13 8,56
3. Tvar 9,44 10,31
4. Tvar 22,44 15,56
5. Tvar 27,88 21,19
6. Tvar 60,13 33,69
7. Tvar - 55,81

Tab. 1.1 — Vlastni frekvence OP - hmotnost 388kg

Tézka varianta — 600kg
Vlastni tvary
Symetrické buzeni [Hz] Nesymetrické buzeni [Hz]
1. Tvar 6,75 4,88
2. Tvar 8,87 8,00
3. Tvar 20,70 10,00
4. Tvar 27,88 16,00
5. Tvar 33,5 21,13
6. Tvar 58,00 33,60
7. Tvar 56,69

Tab. 1.2 — Vlastni frekvence OP - hmotnost 600kg

Symetrické buzeni

Viastni tvary |"yjastni frekvence [Hz] | Viastni frekvence [Hz]
(volné Fizeni) (1kg na pace)
1. Tvar 5,25 3,5
2. Tvar 13,125 13,125
3. Tvar 20,875 16,8

Tab. 1.3 — Vlastni frekvence vyskového kormidla

. Vlastni frekvence [Hz]
Vlastni tvary A
(volné Fizeni)
1. Tvar 52,8125
2. Tvar 74,375

Tab. 1.4 — Vlastni frekvence smérového kormidla
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Vlastni tvary

Z vyhodnocenych amplitud vlastnich tvari v bodech sité¢ akcelerometrickych snimact
byly stanoveny potiebné slozky vlastnich tvari ve formé vyzadované vypoctovym modelem
flutterovych charakteristik — viz [4]. Tyto slozky ptedstavuji u pevné plochy konstrukce
ohybovy posuv tétiv profilti podél rozpéti plochy, a to ve dvou rovinach a rotace téchto tétiv.
U kormidel pak relativni rota¢ni vychylku tétiv kormidla k ose otaceni kormidla, jak ukazuje
schéma na Obr. 6.1:

- ohybova slozka ve vztazné ose @

- ptredo-zadni ohybova slozka @,

- torzni slozka ®

- torzni slozka kormidla ®,.

Xk

Obr. 6.1 — Slozky vlastnich tvarti nosné plochy s kormidlem

Pribéhy slozkovych amplitud prislusnych vlastnich tvar konstrukce i kormidel z Tab.
1.1 —Tab. 1. 5 nejsou ve zpravé z rozsahovych diivodi prezentovany.
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2. Geometrické a hmotnostni podklady

V kapitole je uvedena geometrie ocasnich ploch a grafy vyhodnocenych rozlozeni
mérnych délkovych hmotnosti, statickych momentti a momenti setrvac¢nosti po rozpéti v
rozsahu potfebném pro program vypoctu flutterovych charakteristik.

Hmotnostni charakteristiky byly zpracovany na zakladé vykresové dokumentace a
technologickych postupti poskytnutych vyrobcem.

U vyskového kormidla charakteristiky (vyjma rozloZzeni momentt setrvacnosti)
odpovidaji laboratornim méfenim skute¢ného kormidla z havarovaného letounu - viz
PRILOHA II.

Geometrické charakteristiky
Zékladni geometrie ocasnich ploch je patrna z na¢rti na Obr. 2.1 a Obr. 2.2 a nasledné
uvedeného prehledu zakladnich geometrickych udaji pevnych ploch a kormidel.

Pi‘ehled zakladnich geometrickych parametra ocasnich plocha kormidel
Vodorovné ocasni plochy:

poloha kotfenové tétivy od roviny symetrie: ...... 0Om
poloha koncové tétivy od roviny symetrie: ...... 1,25m
hloubka kofenového profilu: ... 0,66 m
hloubka koncového profilu: ... Om
Vyskové kormidlo:
poloha kofenové tétivy od roviny symetrie: ...... Om
poloha koncové tétivy od roviny symetrie: ...... 1,25m
hloubka kofenového profilu: ... 0,235 m
hloubka koncového profilu: ... 0,177 m
poloha osy ota¢eni od NH kormidla: ... 0,040 m
L~
o 2 =
1230

Obr. 2.1 — Geometrie stabilizatoru VOP a vyskového kormidla

Svisl4 ocasni plocha:

poloha kofenové tétivy od koncové tétivy: ... 0,97 m
hloubka kofenového profilu: ... 0,68 m
hloubka koncového profilu: ... 0,45 m
Smérové kormidlo:
poloha kofenové tétivy od koncové tétivy: ........ 0,92 m
hloubka kofenového profilu: ... 0,55m
hloubka koncového profilu: ... 0,10 m
poloha osy otd¢eni od NH kormidla: ... 0,070 m
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Obr. 2.2 - Geometrie kylové plochy a smérového kormidla

Hmotnostni charakteristiky

Hmotnostni charakteristiky ptedstavuji prabéhy délkovych mérnych veli¢in podél
rozpéti (mérna délkova hmotnost, mérny staticky moment, mérny moment setrvacnosti).
Délkova mérna hodnota v dané poloze (fezu) podél rozpéti odpovida hodnoté prizmatického
nosniku o délce 1m s geometrii a materialovou strukturou pftislusejici tomuto fezu (konstantni
podél celého 1m dlouhého prizmatického nosniku).

Prakticky je mérna délkova hodnota ziskavana rozdélenim konstrukce na tseky podél
rozpéti, u kterych se geometrie a konstruk¢éni struktura méni jen pozvolné, piipadné je
konstantni. U jednotlivych tusekt se stanovi jejich hmotnosti a hmotnostni momenty.
Naslednym podélenim délkou usekt se ziskaji délkové mérné hmotnostni charakteristiky,
které se pfifadi feziim ve stfedu téchto usekd.

Uvedena inzenyrska metodika byla pouzita i pro nize prezentované hmotnostni
charakteristiky letounu Lambada. Piiklad déleni horizontalniho stabilizatoru s vyskovym
kormidlem je uveden na Obr. 2.3.
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Obr. 2.3 — Schéma fezu pro vypocet délkovych mérnych charakteristik
stabilizatoru a vyskového kormidla

Priubéhy specifickych délkovych hmotnostnich parametri konstrukce VOP a SOP
obsahujici kormidla, u trupu pouze pozadovana mérna délkova hmotnost, jSou vyneseny v
grafech na obrazcich Obr. 2.4 — Obr. 2.10. Parametry vyskového a smérového kormidla pak
na obrazcich Obr. 2.11 — Obr. 2.14 (u kormidel se nevyzaduje mérnd hmotnost).
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Mérna hmotnost trupu

my(X) (kg/m)

10

9 /\

8

- ~~ /"/ \\

N /

4

3

2

1

0

3 3,5 4 4,5 5 5,5 ¢ xm
Obr. 2.4 — Mérna hmotnost zadni ¢asti trupu
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Obr. 2.5 — Mérna hmotnost vodorovnych ocasnich ploch
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Mérna hmotnost SOP
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Obr. 2.6 — Mérna hmotnost svislych ocasnich ploch
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Obr. 2.7 — Mérny staticky moment vodorovnych ocasnich ploch k nabézné hrané
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Mérny staticky moment SOP k NH
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Obr. 2.8 — Mérny staticky moment svislych ocasnich ploch k nabézné hrané
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Obr. 2.9 — Mérny moment setrvacnosti vodorovnych ocasnich ploch k nabézné hrané
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Obr. 2.10 — Mérny moment setrvacnosti svislych ocasnich ploch k nabézné hrané
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Obr. 2.11 — Mérny staticky moment vySkového kormidla k ose otaceni
- laboratorni analyza havarovného vyskového kormidla
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Mérny staticky moment SK k ose otaceni
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Obr. 2.12 — Mérny staticky moment smérového kormidla k ose otaceni
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Obr. 2.13 — Mérny moment setrva¢nosti vySkového kormidla k ose otaceni
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Mérny moment setrvacnosti SK k ose otaceni
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Obr. 2.14 — Mérny moment setrvac¢nosti smérového kormidla k ose otaceni

Vliv Fizeni

Dle metodiky [5] byly stanoveny ptidavné efektivni momenty setrvacnosti k ose
otaeni jednotlivych kormidel, které zahrnuji setrva¢né Ucinky pohybujicich se hmot tahel a
pak fizeni spojenych s pohybem kormidla.

Pokud se fizeni projevuje jako tuhé, pak metodika [5] udava efektivni pfirtstek
momentu setrvacnosti kormidla jako soucet soucint kvadratu ptfevodu s hmotnosti vSech tihel
kormidla vztazeny na tuto vychylku, tj. ds/df). K t€émto posuvnym ucinkim se pricitaji
momenty setrvacnosti ramennych pak a vahadel, zejména pak fidici péky, vynéasobené
uhlovym pievodem da/df (thlovy pievod = vychylka paky k jednotkové vychylce kormidla):

2
A = Z(S—Sj m; + Z Jj(d_“j .
tahla i ﬂ i paky j dﬁ j

V piipad€ pruznych elementi je nutno jednotlivé pfevody nasobit faktorem v rozmezi
1 az 0, ktery postihuje efektivni zménu pievodu daného elementu v systému vlivem pruznosti.

Jestlize vlastni vedeni fizeni kmita prvnim vlastnim médem (vznik uzlu), pak [5]
doporucuje nasobit vSechny posuvné Cleny pied i za médem hodnotou 0,5 a Clen s modem
vynechat.

Tabulka Tab. 2.1 wudava piehled vyslednych efektivnich piirastkic momenta
setrvacnosti podélného a smérového fizeni. Do vypocti byl tento efekt zaveden jako spojity
mérny moment setrva¢nosti na tiseku 100mm (VK) a 50mm(SK) v oblasti koncového ¢lenu
fizeni.

podélné fizeni smeérové fizeni
volné 0,0442 kgm? 0,0175
pevné (dva piloti) 0,0638 kgm* 0,0216

Tab. 2.1 — Efektivni zmény momentt setrva¢nosti kormidel od fizeni
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3. VYPOCTY FLUTTEROVYCH CHARAKTERISTIK

Vypocétovy model a program

Program pro vypocet flutteru pracuje s pfimym modelem (Casto oznacovanym jako "p-
k™ model — viz [1]), ktery umozniuje pro zadanou rychlost letu vypocet aecrodynamického
tlumeni (buzeni) a odpovidajici frekvence kmitani jednotlivych stupni volnosti soustavy
prezentované vlastnimi tvary konstrukce a kormidel.

Je pouzito schéma zobecnénych hmot konstrukce s pevnymi kormidly a samostatnych
zobecnénych hmot izolovanych kormidel. Zobecnéné hmoty jsou pocitiny na zakladé
experimentalné zjisténych vlastnich tvarti (kapitola 1) a vyhodnocenych specifickych
hmotovych charakteristik (kapitola 2). Nestacionarni aecrodynamicky model piedstavuje
Thedorsenova teorie harmonicky kmitajiciho tenkého profilu s klapkou v idealnim
nestlacitelném proudu.

Charakteristiky tlumeni jsou prezentovany ve formé poméru dvou naslednych
amplitud kmitu jednotlivych stupiii volnosti — tj. ve formé logaritmického dekrementu
utlumu, resp. jeho zaporné hodnoty, aby aerodynamické tlumeni bylo vyjadfeno kladnym
parametrem (obdoba koeficientu konstruk¢éniho tlumeni). Blize viz nize "Pozndamka".

Program je zpracovan jak pro feSeni samostatného kiidla s kormidly (kiidélka,
vztlakové klapky), tak pro ocasni plochy (zadni ¢ast trupu s vodorovnou a svislou ocasni
plochou) s vyskovym a smérovym kormidlem.

Detailngjsi popis fyzikalné-matematického modelu, postupu fteSeni, struktury
vstupnich dat a poskytovanych vysledki je obsazen v [4].

Pozndamka k interpretaci grafii tlumeni *N—-d"

Pro tlumené kmity ma zaporny logaritmicky dekrement d kladnou hodnotu a
netlumené kmity kladnou. Diagramy tlumeni se zdpornym logaritmickym dekrementem
utlumu d maji tak opaény znaménkovy smysl vuci klasickym formam prezentace "V—y"
diagramu (Casto oznacovany téz jako "V—g") s hodnotami fiktivniho konstrukéniho tlumeni
"y (resp. g) potiebného pro dosazeni pravé harmonickych kmitt (viz klasicky, tzv. "k" model
[1]). Diagramy se vS$ak shoduji v bodech (rychlostech) s nulovym tlumenim (odpovida staviim
s konstantnimi amplitudami kmitt), ¢asto deklarované jako kritické rychlosti flutteru.

Pro malé hodnoty tlumeni (buzeni) plati mezi obéma typy grafii jednoduchy prepocet

pies konstantu t: (g)=y=—d/x.

Vypoctové konfigurace a parametry

Vlastni mody a jejich frekvence jsou ptevzaté z vysledkd pozemnich frekvencnich
zkousek pro ptipad lehké hmotnostni konfigurace letounu se zavésnym vlekacim zafizenim a
akumulatorem v koncové ¢asti trupu — viz tabulky Tab. 1.1, Tab. 1.3 a Tab. 1.4.

Hmotové charakteristiky konstrukce a kormidel ocasnich ploch jsou uvedeny v
grafech na Obr. 2.1 — Obr. 2.14. Hmotové charakteristiky VK odpovidaji skute¢nému
kormidlu havarovaného letounu — vyvazovaci tahlo 1,87kg, pevna trimovaci ploska (plech za
odtokovou hranou levé ¢asti VK).

Vypocty byly provedeny pro vysku: 800m MSA v rozsahu rychlosti do prikazné
hodnoty 1,2Vp(EAS) — viz dale odst. "Kriterium flutterové bezpec¢nosti".

Pro posouzeni vlivu pilota byly pocitany piipady s volnym i pevnym fizenim. Pevné
fizeni (zatizené fizeni 1kg hmotou na tidici pace) pouze u vysSkového tizeni jednim pilotem. U
SK bylo pouzito pouze volné fizeni.

Momenty setrvacnosti kormidel byly zvySeny o vliv fizeni formou ptidavnych
efektivnich momenta setrvaénosti — viz Tab. 2.1.

U symetrickych piipadt ocasnich ploch bylo ve vypoctech uvazovano samostatné SK.
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Vysledky vypocti
Diagramy zavislosti ~aerodynamickych tlumeni jednotlivych —stupii volnosti
konstrukce i kormidel jsou uvedeny v PRILOZE 1. Rychlost odpovida EAS.

Kriterium flutterové bezpecnosti

Doporuceni [9]: "Advisory Circular — Means of Compliance with FAR 23.626,
Flutter", stanovuje prukaznou rychlost, pod kterou se nesmi vyskytnout flutter, hodnotou
120% navrhové ekvivalentni rychlosti, tj. podminkou: Vg (EAS) > 1,2Vp(EAS).

Za rychlost flutteru Vg se dle doporuceni této smérnice u vypocti bez zahrnuti
konstruk¢niho tlumeni povazuje:

A: v ptipad€ pozvolného ptrechodu tlumeného mdédu do buzeného ta rychlost, pfi které je
buzeni ekvivalentni konstrukénimu tlumeni — tj. dle vySe uvedeného "Advisory Circular”
hodnot¢ vy=0,03. Protoze pro piepocet mezi konstrukénim tlumenim a zipornym
logaritmickym dekrementem atlumu plati (viz vySe uvedena "Pozndmka"):

y=—d/x,
je kriticka velikost zaporného logaritmického dekrementu (v zaporné oblasti tlumeni grafii d —
V) rovha d =-0,1.

B: v ptipad¢ ostrych zmén tlumeni (blizké skokovym) je rychlost flutteru rovna rychlosti

v misté piechodu kritické vétve z tlumeni do buzeni —tj. d = 0.

cv v

Je-li navrhova ekvivalentni rychlost Vp(EAS) konstantni pro rizné vysky, pak
prikaznd rychlost skute¢nd, pod kterou se nesmi vyskytnout flutter (hranice prikazu
flutterové odolnosti vyjadiena skute¢nou rychlosti), roste s vyskou podle vztahu:

12V, (EAS) =12/ v, (TAS,h=0)=1,2 v, (TAS,n=0) .
P 0,0065), |"
1- h
288

Pro letoun UFM-13 Lambada s navrhovou rychlosti Vp rovnou:
Vp(EAS) = Vp(TAS, h=0) = 245km/h

se dle vyse uvedeného kriteria FAR nesmi rychlost flutteru vyskytnout do prikazné rychlosti
1,2V (EAS), tj.:

Vyska [m] V(EAS) V(TAS)
0 294km/h 294km/h
800 294km/h 320km/h

Tab. 3.1 — Pritkazné rychlosti flutterové odolnosti letounu Lambada

Vyhodnoceni moznosti kritického stavu samobuzeného kmitani — kriticka rychlost
flutteru

Dle kriteria FAR je realnd moznost vzniku flutteru dana dosazenim (resp.
piekro¢enim) kritické rychlosti flutteru Vg, ktera je stanovena na zaklad¢ charakteru a miry
aerodynamického tlumeni (resp. buzeni).
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V Tab. 3.2 jsou prezentovany vyhodnocené rychlosti Ve symetrickych a v Tab. 3.3
antisymetrickych pripadi buzeni z diagrami tlumeni uvedenych v PRILOZE 1.

SYMETRICKE VeL(EAS) rozbor

a) 1. tvar OP (svislé kyvani), nemusi byt kriticky,
vratny charakter do tltumeni po dosazeni 173%
kritické hodnoty buzeni pii 211km/h,

b) 6. tvar systematicky nartst buzeni, kritické
hodnoty dosazeno pfi 198,1km/h (EAS)

pevné fizeni 163km/h

nevyskytuje se
volné fizeni do rychlosti
1,2Vp(EAS)

Tab. 3.2 — Kritické rychlosti flutteru symetrickych pfipadd ocasnich ploch letounu Lambada
dle kriteria FAR 23.626

ANTISYMETRICKE VeL(EAS) rozbor
pevné fizeni 248km/h 6. tvar OP, systematicky nardst buzeni
nevyskytuje se
volné fizeni do rychlosti
1,2Vp(EAS)

Tab. 3.3 — Kritické rychlosti flutteru antisymetrickych piipadi ocasnich ploch letounu
Lambada dle kriteria FAR 23.626
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Zaveér

Pro posouzeni moznosti vyskytu samobuzeného rozkmitani konstrukce ocasnich ploch
letounu UFM-13 Lambada s imatrikulatnim oznac¢enim OK-NUA 09, které by mohlo
zpusobit destrukci trupu, jez nastala u tohoto stroje pii letecké nehodé dne 21. 3. 2009, byla
provedena pocetni analyza flutteru ocasnich ploch na zakladé pozemnich frekvenénich
zkousek.

Frekvencni charakteristiky ocasnich ploch byly vyhodnoceny 2z pozemnich
frekvencnich zkousek ocasni ¢asti letounu USM-15 Lambada (varianta LSA), které byly
provedeny v roce 2008 u vyrobce Urban Air s.r.o. Vysledky zkousek ocasnich ploch na
varianté USM-15 jsou prenositelné i na vySetifovany letoun UFM-13 Lambada, nebot’ ocasni
Casti jsou konstrukéné shodné (rozdil v nastavcich kiidel 13m UFM-13 na 15m USM-15).
Me¢iena konfigurace ocasnich ploch USM-15 odpovida vySetfovanému letounu OK-NUA 09,
tj. ma shodné hmotové vyvazeni vyskového kormidla svislym tahlem podélného fizeni, stejné
umisténi akumuldtoru v koncové ¢asti trupu, ma rovnéz nainstalované vlekaci zafizeni a
vyskové kormidlo je vybaveno pevnou trimovaci ploskou.

Vyhodnoceni frekvencnich zkouSek potvrdilo nevyznamnou zavislost frekvencnich
charakteristik ocasnich ploch na celkové hmotnosti letounu, proto pro vstupni data programu
vypoctu flutterovych charakteristik byly pouzity vysledky frekven¢nich zkousek lehké
varianty, tj. letounu o celkové hmotnosti 388kg. Metodika zkousky a jeji vysledky jsou
obsazeny v kapitole 1.

Protoze metodika vypoétu flutterovych charakteristik zavedena na Ustavu letadlové
techniky FS-CVUT v Praze [4] vyzaduje kromé frekvenénich charakteristik rovnéz rozlozeni
specifickych hmotnostnich charakteristik podél aecrodynamickych ploch a kormidel, byly tyto
hmotnostni podklady vyhodnoceny z konstruk¢nich podkladii a vyrobnich postupti poskytnuté
vyrobcem a jsou uvedeny v grafech kapitoly 2.

Hmotnostni charakteristiky vyskového kormidla byly ziskany laboratornim rozborem
originalniho kusu z havarovaného letounu — viz protokol v PRILOZE II.

Metodika programového vypoctu flutterovych charakteristik [4], véetné kritéria
vyhodnoceni hranic pravdépodobného vyskytu flutteru dle metodiky FAR [9], je nastinéna v
uvodu kapitoly. 3. V druhé ¢asti této kapitoly jsou prezentovana vyhodnoceni téchto kritérii
na vypoctech flutterovych charakteristik ocasnich ploch pro vysku letu 800m MSA, a to pro
ptipady vlastnich tvard a frekvenci ziskanych pii symetrickém i antisymetrickém buzenim.
Oba piipady buzeni byly provedeny jednak pro simulaci pevného fizeni vyskového kormidla
jednim pilotem pfii souasném volném smerového fizeni, jednak pro ob¢ fizeni volna.

Vysledky jsou uvedeny v Tab. 3.2 a Tab. 3.3 a ukazuji na riziko flutteru ocasnich
ploch pfi rychlosti nad 163km/h EAS.

Posouzeni mozZnosti vzniku flutteru na letounu UFM-13 Lambada OK-NUA

Vysledky vypoctu flutteru na zékladé¢ experimentalnich podkladli z pozemnich
frekvencnich zkousek a podrobného hmotového rozboru originalu vyskového kormidla z
havarovaného letounu ukazuji na redlnou moznost samobuzeného rozkmitani ocasnich ploch
(flutteru).

Nejnizsi teoreticka (vypoctova) rychlost flutteru pii letu ve vysce 800m MSA je
dosazena pii rychlosti 163km/h EAS v rezimu standardniho drzeni (kontaktu) pilota
vySkového fizeni pfi uvolnéném noznim fizeni v piipadé symetrického impulzu na vodorovné
ocasni plochy. Tento mdd neni vyvojové explozivni, méa od rychlosti 211km/h EAS vratny
charakter, pficemz jeho nevyssi buzeni neptekro¢i dvojnasobek konzervativni hodnoty bézné
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predpokladaného konstrukéniho tlumeni kovovych leteckych konstrukci. Je tak mozné, Ze se
mod nemusi V zavislosti na realném tlumeni U kompozitni konstrukce letounu Lambada
kriticky projevit.

Druhé kriticka rychlost flutteru za stejnych podminek (kontakt pilota, symetrické
buzeni) odpovidd rychlosti 211km/h EAS, v tomto ptipad¢ jde jiz o nevratny, tvarové
kombinovany mod.

Antisymetricky impulz vykazuje kritickou rychlost pro stejny ptipad kontaktu pilota
s fizenim rychlost flutteru az od rychlosti 248km/h EAS. Jedna se opét o vyssi kombinovany,
tlumené nevratny mod.

Volné fizeni pro symetrické ani antisymetrické impulzy nevykazuji flutter v celém
vySetfovaném rychlostnim rozsahu do 1,2Vp (EAS), tj. 320km/h EAS.

Vznik flutteru podporuje staticky nevyvazené vysSkové kormidlo. Statickd vyvaha
kormidla (v¢etné vyvazovaciho svislého tahla fizeni kormidla o hmotnosti 1,88kg) dosahuje
pouze 85,2%, tj. nevyvaha (14,8%) odpovida chybé&jicimu statickému momentu 194kgm pied
osou otaceni.

Laboratorni analyza — viz PRLOHA |l — ukazala na koncentraci matrice kompozitu v
podél odtokové hrany vyskového kormidla zkoumaného letounu (“steCeni” matrice smérem k
odtokové hran€) na rozdil od teoretického piedpokladu vyrobnich kladacich plani s
rovnomeérnou prosycenosti vyztuze matrici. Na vyskovém kormidle se tak tézistni osa
posunula vzad vuci technologicky idealnimu kormidlu, coz se projevi jako staticka nevyvaha
ve vyse uvedeném smyslu. Nemusi v§ak odpovidat celé nevyvaze 194kgm.
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Symetrické buzeni

Vyska: 800m MSA

Rizeni:
vyskoveé — pevne, 1 pilot
smerové — volné

Statické vyvazeni vySkoveho kormidla:

85,2% (stav havarovaného letounu — nedovazeno)
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DIAGRAM TLUMENI A FREKVENCI
UFM 13 Lambada — LSA  exper. VK vliv fizeni zaveden jako konst. spoj. na int: VK <-0,05 0,05>m SK <0,1 0,15>m
Pfipad: Symetricky — OP + VK + SK 7+3+2 Hmotnost: 388 kg Jooriz_pev =100% (=0,0638)  Vyska: 800 m

Pevné fizeni: VK (1pilot) Volné fizeni: SK vyvaha VK: -0,165kgm (vyvaz. na 85,2%) Ve (EAS) = 163,1km/h
Logaritmicky dekrement utlumu
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DIAGRAM TLUMENI A FREKVENCI

UFM 13 Lambada — LSA  exper. VK vliv fizeni zaveden jako konst. spoj. na int: VK <-0,05 0,05>m SK <0,1 0,15>m
Pfipad: Symetricky — OP + VK + SK 7+3+2 Hmotnost: 388 kg Joori; vo=100% (=0,0442)  Vyska: 800 m
Volné fizeni: VK Volné fizeni: SK vyvaha VK: -0,165kgm (vyvaz. na 85,2%) Ve (EAS) > 308km/h
Logaritmicky dekrement utlumu
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Antisymetrické buzeni

Vyska: 800m MSA

Rizeni:
vyskoveé — pevne, 1 pilot
smerové — volné

Statické vyvazeni vySkoveho kormidla:

85,2% (stav havarovaného letounu — nedovazeno)
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DIAGRAM TLUMENI A FREKVENCI
UFM 13 Lambada — LSA  exper. VK vliv fizeni zaveden jako konst. spoj. na int: VK <-0,05 0,05>m SK <0,1 0,15>m
Pfipad: Antisymetricky — OP + VK + SK 7+3+2 Hmotnost: 388 kg Jooriz_pev =100% (=0,0638)  Vyska: 800 m

Pevné fizeni: VK (1 pilot) Volné fizeni: SK  vyvaha VK: -0,165kgm (vyvaz. na 85,2%) Ve (EAS) = 248,0km/h
Logaritmicky dekrement utlumu
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DIAGRAM TLUMENI A FREKVENCI

UFM 13 Lambada — LSA  exper. VK vliv fizeni zaveden jako konst. spoj. na int: VK <-0,05 0,05>m SK <0,1 0,15>m
Pfipad: Antisymetricky — OP + VK + SK 7+3+2 Hmotnost: 388 kg Jooi,vo =100% (=0,0442)  Vyska: 800 m
Volné fizeni: VK Volné fizeni: SK vyvaha VK: -0,165kgm (vyvaz. na 85,2%) Ve (EAS) > 1,2Vp(EAS)

Logaritmicky dekrement utlumu
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EXPERIMENTALNI ZJISTENI VYBRANYCH
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CESKE VYSOKE UCENI TECHNICKE V PRAZE
FAKULTA STROJNi

USTAV LETADLOVE TECHNIKY
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1. Seznam pouzitych znacek

NH
OH
0.0.
VK

nabé&zna hrana

odtokova hrana

osa otaceni vyskového kormidla
vyskové kormidlo

stfedi hloubka segmentu

vzdalenost tézisteé segmentu od osy zavésu
tihové zrychleni (9,81 m/s®)

Mmoment setrvacnosti k ose zavésu
mérny moment setrvacnosti k 0.0. VK
moment setrvacnosti k 0.0. VK

Sitka segmentu

hmotnost segmentu

vyvazovaci hmotnost segmentu

mérny staticky moment k ose otaceni
staticky moment k ose otaceni

doba kyvu

vzdalenost osy otaceni od NH kormidla
poloha tézistni osy

vzdalenost biitl
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2. Uvod

Cilem tohoto méfeni bylo experimentalné zjistit vybrané hmotnostni charakteristiky
VK ultralehkého letounu Lambada pro jejich dalsi zpracovani aeroelastickymi vypocty. Pied
samotnym métfenim se jednotlivé hmotnostni charakteristiky stanovily teoreticky na zaklade
technické dokumentace (vykresy, kladeci plany) dodané vyrobcem. Tyto teoretické hodnoty
se pozdéji korigovaly tak, aby jejich celkovd hmotnost a vysledny staticky moment
odpovidaly jejich skute¢nym hodnotdm zméfenym na redlném kormidle. Jak se vSak ukazalo,
ani tato korekce nedokazala postihnout nékteré technologické vlivy vyroby, proto bylo nutné
stanovit hmotnostni charakteristiky po rozpéti VK experimentalné. Veskera méteni prob¢ehla
na Ustavu letadlové techniky CVUT v Praze.

3. Geometricka dispozice

VK z havarovaného letounu Lambada bylo k dispozici pro vSechna méfeni s moZznosti proveést
destrukéni zasahy do jeho konstrukce za ucelem piesnéjSitho zméfeni pozadovanych
charakteristik. (viz. Obr.1). Zékladni geometrickd dispozice VK vcetné polohy zdvést je
uvedena na Obr.2.

Obr. 3

4. Méreni

4.1. Pfiprava méreni

Ptiprava méfeni spocivala v naneseni pravouhlé geometrické sité¢ na horni potah VK (viz.

vowrw

Obr. 3 az 6). Tato sit’ rozdéluje kormidlo na celkem 27 segmentt, jejichz Sitka byla zvolena s
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ohledem na pozadovanou ptesnost vysledkli a také s ohledem na umisténi diskrétnich hmot
(kyvna paka, ¢epy zavést atd.). Cislovani jednotlivych segmentil je patrné ze schématu na
Obr. 7, jejich polohu a sifku pak udava Tab. 1. Dalsim krokem poté bylo natfezani kormidla na
jednotlivé ¢asti (viz. Obr. 8).

Obr. 4
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13P|12P(11P|10P| 9P |BP | TP|6L|SL|L&L | 3L|2L] 1 2P|3P|4P|S5P| 6P| 7P| 8P| 9P |10P|11P|12P|13P

Obr. 9

stfed segmentu

13L 91,9 -1150 -1250 100 -1,200
12L 108,7 -1050 -1150 100 -1,100
11L 80,0 -950 -1050 100 -1,000
10L 76,8 -850 -950 100 -0,900
9L 76,7 -750 -850 100 -0,800
8L 77,8 -650 -750 100 -0,700
7L 79,6 -550 -650 100 -0,600
6L 109,9 -450 -550 100 -0,500
SL 100,3 -350 -450 100 -0,400
4L 106,4 -250 -350 100 -0,300
3L 112,4 -150 -250 100 -0,200
2L 101,8 -65 -150 85 -0,108

1 279,8 -65 65 130 0,000
2P 85,5 65 150 85 0,108
3P 84,4 150 250 100 0,200
4P 81,7 250 350 100 0,300
S5SP 80,8 350 450 100 0,400
6P 108,3 450 550 100 0,500
7P 79,9 550 650 100 0,600
8P 74,4 650 750 100 0,700
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9P 74,7 750 850 100 0,800

10P 73,6 850 950 100 0,900

11P 74,2 950 1050 100 1,000

12P 100,3 1050 1150 100 1,100

13 P 89,2 1150 1250 100 1,200
Tab. 1

4.2. Stanoveni geometrie a hmotnosti segment

Jednotlivé segmenty byly postupné zvazeny na digitalnich vahach a dale byla pomoci
posuvného méfitka zméfena jejich hloubka na obou koncich. Z jejich priméru se poté
dopocitala stfedni hodnota hloubky segmentu. Nakonec se jesté zméiila vzdalenost mezi O.O.
a NH VK. Vsechny tyto zjisténé hodnoty jsou ptehledné uvedeny v Tab. 2.

¢. segmentu | hmotnost hloubka segmentu [mm)] X0.0.
[s] fez 1 fez 2 stitedni hodnota [mm]
13L 91,9 200,4 188,6 194.5 29,0
12L 108,7 206,3 200,4 203,4 29,0
11L 80,0 210,1 206,3 208,2 29,5
10L 76,8 215,8 210,1 213,0 29,5
OL 76,7 2215 216,2 218,9 30,5
8L 77,8 226,2 2215 223,9 30,0
7L 79,6 2314 226,2 228,8 29,5
6L 109,9 236,5 2314 234,0 29,5
5L 100,3 241,3 236,5 238,9 30,5
4L 106,4 2457 241,3 2435 31,0
3L 112,4 250,2 245,7 248,0 30,5
2L 101,8 255,5 250,2 2529 31,0
1 279,8 254,5 255,5 255,0 30,5
2P 85,5 255,5 250,7 253,1 30,5
3P 84,4 249,7 245,4 247,6 31,0
4P 81,7 2454 240,3 2429 31,0
5P 80,8 240,3 235,2 237,8 30,5
6P 108,3 235,2 230,5 232,9 29,5
7P 79,9 230,5 225,4 228,0 29,5
8P 74,4 2254 220,4 2229 30,0
9P 74,7 220,4 2154 2179 30,5
10P 73,6 2154 210,4 2129 29,5
11 P 74,2 210,4 204,5 207,5 29,5
12P 100,3 204,5 199,7 202,1 29,0
13P 89,2 199,7 182,5 1911 29,0
Tab. 2
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4.3. Stanoveni polohy téZisté a mérného statického momentu k 0.0.

segmentu na dvou bfitech — jednom umisténém v NH a druhém vzdéleném od prvniho v
ur€ité vzdalenosti (konkrétné A = 182mm). Poté se zméfi tzv. vyvazovaci hmotnost (r), kterou
segment pasobi na digitalni vahu a z momentové rovnovahy okolo NH se poté stanovi poloha

Vv v

r-g

Xy = - A

Redlné uspotadani métici aparatury je zobrazeno na Obr. 9, jeji principielni schéma pak uvadi
Obr.10.
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M¢érny staticky moment k O.0O. se stanovi pomoci vztahu:

So.0. m'(xr—xa.o.}
Spo. = ] = 7 [kg'm/m)]

Ptehled vyslednych hodnot pro jednotlivé segmenty je uveden v Tab. 3.

vyvazovaci
hmotnost
48,8 96,6 67,6 0,00622 0,062
50,4 84,4 55,4 0,00602 0,060
43,3 98,5 69,0 0,00552 0,055
44,8 106,2 76,7 0,00589 0,059
45,6 108,2 77,7 0,00596 0,060
47,1 110,2 80,2 0,00624 0,062
48,0 109,7 80,2 0,00639 0,064
57,5 95,2 65,7 0,00722 0,072
76,4 138,6 108,1 0,01085 0,108
90,7 155,1 124,1 0,01321 0,132
96,4 156,1 125,6 0,01412 0,141
83,2 148,7 117,7 0,01199 0,141
140,3 91,3 60,8 0,01700 0,131
53,4 113,7 83,2 0,00711 0,084
57,4 123,8 92,8 0,00783 0,078
54,4 121,2 90,2 0,00737 0,074
51,6 116,2 85,7 0,00693 0,069
55,7 93,6 64,1 0,00694 0,069
46,4 105,7 76,2 0,00609 0,061
44,1 107,9 77,9 0,00579 0,058
43,1 105,0 74,5 0,00557 0,056
40,7 100,6 71,1 0,00524 0,052
39,5 96,9 67,4 0,00500 0,050
45,7 82,9 53,9 0,00541 0,054
46,6 95,1 66,1 0,00589 0,059
Tab. 3

vvew

4.4. Stanoveni mérné hmotnosti a polohy tézistni osy

M¢érna hmotnost segmentu se ur¢i pomoci vztahu:

m == [kg/m]

A% WV e

Poloha tézistni osy se urci jako pomér vzdalenosti t€zisté segmentu od NH VK v daném fezu
ku stfedni hloubce segmentu, tedy:
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x
Xt = Fr [1]

Vysledné hodnoty téchto veli¢in jsou uvedeny v Tab. 4.

¢. segmentu

[kg/m] [1]

13L 0,919 0,497
12 L 1,087 0,415
11L 0,800 0,473
10L 0,768 0,499
9L 0,767 0,494
8L 0,778 0,492
7L 0,796 0,480
6L 1,099 0,407
5L 1,003 0,580
4L 1,064 0,637
3L 1,124 0,630
2L 1,198 0,588

1 2,152 0,358
2P 1,006 0,449
3P 0,844 0,500
4P 0,817 0,499
5P 0,808 0,489
6P 1,083 0,402
7P 0,799 0,464
8P 0,744 0,484
9P 0,747 0,482
10P 0,736 0,473
11P 0,742 0,467
12P 1,003 0,410
13P 0,892 0,498

Tab. 4

4.5, Stanoveni mérného momentu setrvacnosti k 0.0.

Moment setrvacnosti segmentu k O.0. se urci metodou méteni doby jeho kyvu okolo
osy rovnobézné s osou otaceni VK. Uspotadani méfici aparatury je zobrazen na Obr. 11 a 12.
Princip metody spociva v zavéSeni segmentu pomoci dvou tenkych vlascl k zavésu, ktery
piedstavuje horizontalni osu otaCeni. Pomoci laserové vodovahy se zajisti, aby osa otaceni
VK byla také horizontdlni a tudiz rovnobézna s osou zdvésu. Doba kyvu se méfi pomoci
optického senzoru — konkrétné laserového ukazovatka a fotodiody, ktera je ptes vstupni port
pfipojena k méfici ustifedné. Samotna data se méfi pomoci softwaru LabVIEW 8.5 — za
ucelem zvysSeni presnosti vysledkl se pro kazdy segment provadi 3 métfeni pro 10 kmitt.
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Pro dobu kyvu (polovina doby kmitu) plati:

]
Tzﬁﬂ\llm'g'ti

Moment setrvacnosti k ose zavésu se tedy spocita jako:

E
s

=—_'_| n .d
/ Zm-g

2

plati d = 2150 + x7). Vypocet momentu setrvacnosti k O.0. VK se pak provede transformaci
dle Steinerovy véty:

Joo.=] +mllxr—x50)% —d?]

M¢érny moment setrvaénosti K O.0. se ziska vydélenim ptedchoziho vysledku Sitkou
segmentu:

Joo.=—— [kgm?/m]
Vysledné zmétené i vypoctené hodnoty jsou uvedeny v Tab. 5.

doba kyvu [s]

[kg.m?] | [kg.m?] | [kg.m%/m]

méfeni 1 | méfeni 2 | méfeni 3 | stf. hodnota

13L 1,532 1,533 1,531 1,532 2246,6 | 0,4818 | 0,0184 0,1836
12 L 1,525 1,528 1,524 1,526 2234,4 | 0,5618 | 0,0195 0,1945
11L 1,540 1,533 1,540 1,538 2248,5 | 0,4228 | 0,0187 0,1872
10L 1,544 1,544 1,543 1,544 2256,2 | 0,4105 | 0,0200 0,1998
9L 1,546 1,543 1,548 1,546 2258,2 | 0,4114 | 0,0207 0,2074
8L 1,547 1,549 1,551 1,549 2260,2 | 0,4194 | 0,0224 0,2243
7L 1,556 1,552 1,554 1,554 2259,7 | 0,4318 | 0,0258 0,2584
6L 1,534 1,533 1,534 1,534 2245,2 | 0,5768 | 0,0233 0,2327
SL 1,555 1,564 1,558 1,559 2288,6 | 05545 | 0,0303 0,3031
4L 1,568 1,566 1,571 1,568 2305,1 | 0,5996 | 0,0359 0,3590
3L 1,559 1,554 1,566 1,560 2306,1 | 0,6269 | 0,0309 0,3090
2L 1,555 1,559 1,559 1,557 2298,7 | 05642 | 0,0277 0,3260

1 1,532 1,533 1,532 1,532 2241,1 | 1,4636 | 0,0593 0,4563
2P 1,543 1,540 1,543 1,542 2263,7 | 0,4576 | 0,0200 0,2356
3P 1,562 1,550 1,553 1,555 2273,8 | 0,4613 | 0,0257 0,2567
4P 1,550 1,550 1,551 1,550 2271,2 | 0,4433 | 0,0226 0,2258
5P 1,549 1,547 1,549 1,548 2266,2 | 0,4362 | 0,0218 0,2179
6P 1,527 1,529 1,529 1,528 2243,6 | 0,5640 | 0,0193 0,1928
7P 1,544 1,542 1,541 1,542 2255,7 | 0,4262 | 0,0201 0,2008
8P 1,547 1,546 1,544 1,546 2257,9 | 0,3989 | 0,0201 0,2009
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9P 1,543 1,550 1,540 1,544 2255,0 | 0,3992 0,0198 0,1979

10P 1,545 1,545 1,543 1,544 2250,6 | 0,3927 | 0,0203 0,2029

11P 1,539 1,535 1,540 1,538 2246,9 | 0,3919 | 0,0177 0,1768

12 P 1,526 1,524 1,529 1,526 2232,9 | 0,5186 | 0,0188 0,1884

13P 1,518 1,518 1,518 1,518 2216,1 | 0,4525 | 0,0148 0,1484
Tab. 5

5. Zpracovani dat

Jelikoz se pfi nasledném zpracovani hmotnostnich charakteristik za uc¢elem stanoveni
aeroelastickych vlastnosti VK pracuje pouze s polovinou kormidla, je potfeba zméiend data
dale zpracovat. Plech pfinytovany k OH VK na jeho levé stran€ zpisobuje asymetrii vysledka
vici ose VK. Proto se v dalSich vypoctech bude pracovat s primérnou hodnotou zahrnujici
levou 1 pravou polovinu kormidla. Vysledné hodnoty ur€ovanych charakteristik jsou uvedeny
v Tab. 6. Nasleduje jest¢ grafické zpracovani vysledkl, kde jsou pro porovnani vyneseny i
kiivky rozloZeni odpovidajici teorii a také jeji korekcei (viz. kap. 2).

mérny staticky mérny moment

poloha

meérna

souradnice T mogg],t k fezsnilosy setrvca;g(l)stl k
jo.0.(y) [kg-m’/m]
0,000 2,1523 0,1308 0,3579 0,4563
0,108 1,1018 0,1123 0,5187 0,2808
0,200 0,9840 0,1097 0,5648 0,2829
0,300 0,9405 0,1029 0,5681 0,2924
0,400 0,9055 0,0889 0,5346 0,2605
0,500 1,0910 0,0708 0,4045 0,2128
0,600 0,7975 0,0624 0,4717 0,2296
0,700 0,7610 0,0602 0,4881 0,2126
0,800 0,7570 0,0576 0,4882 0,2027
0,900 0,7520 0,0556 0,4856 0,2014
1,000 0,7710 0,0526 0,4701 0,1820
1,100 1,0450 0,0571 0,4126 0,1914
1,200 0,9055 0,0606 0,4972 0,1660
1,250 0,0000 0,0000 0,0000 0,0000

Tab. 6
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6. Zavér

Cilem tohoto méfeni bylo zjistit vybrané hmotnosti charakteristiky vySkového
kormidla ultralehkého letounu Lambada. Z vyslednych grafii pro mérnou hmotnost, mérny
staticky moment okolo O.0. a polohu té€ziStni osy. 1ze konstatovat, Ze experimentalni hodnoty
pomeérné dobie kopiruji trendy zavislosti predpovédéné teorii a korigované na realné hodnoty.
Ptipadné odchylky od teorie jsou zptisobeny nékolika faktory.

Zaprvé kvalitou dodané technické dokumentace (napf. skuteéna hloubka VK se
odliSuje od té¢ v dokumentaci az o 17%; v kladecich planech nebyly uvedeny ptfesné rozméry a
poloha vsech vrstev tkanin atd.). Dalsim faktorem je samotny zptisob vypoctu, kdy z divodu
jednoduchosti bylo VK rozdéleno pouze na konecn¢ maly pocet elementli a charakteristiky
téchto elementt se pak stanovily jako charakteristiky geometricky nejblizsich elementarnich
téles. Svou roli nesporné sehrala 1 technologie vyroby, nebot” pfi ru¢ni laminaci nelze dost

o

dobfte kontrolovat prosycovani jednotlivych vrstev tkanin a tudiz vznikly oblasti "bohatsi" na
pryskyfici a naopak.

Samostatnou kapitolu pak tvofi analyza vysledki mérného momentu setrvacnosti
okolo 0O.0., kdy se experimentalni data odliSuji od teoretickych korigovanych az o cca
1000%. Tento zhruba desetinasobny rozdil je podle mého nazoru ovlivnén piesnosti
zmétenych dob kyvu (napf. zména doby kyvu o 0,04s mé za vysledek cca 20-ti nasobnou
diferenci ve vysledném mérném momentu setrvacnosti okolo 0O.0.). Ackoliv samotna
metodika méfeni (tj. tfi méfeni deseti kmitd pomoci optického snimace) poskytuje
dostate¢nou piesnost, otazkou zlstava, nakolik ovlivni piesnost vysledku odchylky od teorie
metody jako je napf. nerovnobéznost os otaceni a zavésu, aecrodynamicky odpor zplsobeny
pohybem segmentu atd. Proto pro dal$i zpracovani dat doporucuji pouzit mérné momenty
setrvacnosti okolo O.O. stanovené pomoci teorie a korigované na redlné VK.
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EXPERT INVESTIGATION OF A POSSIBLE CAUSE OF THE OK-NUA 09
"UFM-13 LAMBADA" AIRCRAFT AFTBODY DAMAGE DUE TO FLUTTER

Introduction

On March, 21, 2009, a UFM-13 Lambada (aircraft registration number OK-NUA 09) was
damaged after it encountered a sudden disintegration of its empennage and aft part of fuselage
during the flight. Pertinent to this aircraft accident the Air Accidents Investigation Institute
(Ustav pro odborné zjistovani piicin leteckych nehod (UZPLN)) requested an expert opinion
whether an aeroelastic phenomenon such as flutter could play some major role in this accident.
This task has been assigned to the aeroelastic department of the Aerospace Research Centre
(CLKV) based at the Faculty of Mechanical Engineering, Czech Technical University in Prague.

Flutter Calculation Method

The flutter calculation method used for obtaining the results is based on extracting
frequencies and damping for each mode of the structure for given cruise speeds (the "p-k™ model
[1]). Natural frequencies and mode shapes were obtained from the vibration ground test.

The calculation method uses a structural model with both free and fixed control surfaces
and allows for a mass-aerodynamic forces interaction - [2], [4]. This requires modal
characteristics of the aircraft structure with fixed control surfaces and also modal characteristics
of the control surfaces with fixed aircraft structure on the other hand.

Mass parameters for the flutter equations (the so-called generalized masses) are
calculated from the distribution of mass characteristics along fixed aerodynamic surfaces and
control surfaces. The additional "effective moment of inertia" accounts for an influence of
aircraft control systems. The influence of a pilot is simulated by attaching a 1kg mass to the
control stick.

Aerodynamic forces (esp. their generalized forms in the flutter equations) are simulated
by Theodorsen's model of a harmonically oscillating thin profile with a flap — [6], [4].

Criteria and guidance for determining critical flutter conditions are described in FAR
23.626 —[9].

Vibration test

Vibration test represents an experimental modal analysis of the empennage with the
rudder and elevator fixed to the fin and stabilizer respectively. The test was performed on an
aircraft supported on soft springs (Fig. 2.2.)

Two electrodynamic shakers placed symmetrically with respect to the longitudinal plane
of symmetry were used to excite symmetric and antisymmetric vibrations on the aircraft
structure. A response of the structure were measured by piezoelectric accelerometers placed in a
mesh arrangement (Fig. 1.1 and Fig. 4.1.). Measured data (excitation signal of the shakers and
signals from the accelerometers) were then post-processed by FFT (Fast Fourier Transform)
using BRUEL&KJAER Pulse analyser and Pulse LabShop software — Fig. 7.1.

Natural frequencies and modal shapes were evaluated and animated in the ME'Scope
post-processor. (Fig. 6.1.)

Vibration tests of the control surfaces were performed separately on a grounded aircraft
with the stabilizer and fin being fixed.

As far as the generalized masses are concerned, the modal shapes were evaluated in each
point of the structural mesh. They were subsequently transformed into torsional and bending
components of the stabilizer/control surface deformation along the respective span.
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Modal shapes of the empennage were analyzed for "light" weight configuration 388kg
and MTOW configuration 600kg (see Table. 1.1. and Table 1.2). Modal characteristics of the
light weight configuration (388kg) were used for the flutter analysis because the structural
weight demonstrated only a negligible effect on the results.

Natural frequencies of the isolated elevator and rudder are listed in Table 1.3 and
Table 1.4. respectively. Frequency characteristics of the elevator were investigated for both the
pilot effects (simulated by a 1kg mass attached to the control stick) and for free control stick.
Directional control system was investigated only for the free controls configuration.

Modal shapes of the aircraft structure and the elevator were not compensated for possible
deviations of the resultant values from the theoretical symmetry or antisymmetry.

Mass characteristics

Mass characteristics represent a distribution of specific mass, static moments and
moments of inertia along the respective aerodynamic surface wingspan. The resultant graphs are
plotted in Figures 2.4. to 2.14.

Table 2.1. lists values of the additional effective moment of inertia of the longitudinal
and directional control systems.

The mass and static moment distribution of the elevator correspond to a real structure
analysis — see Appendix Il (p33-48).

Model parameters and configurations

All the calculations were performed for the altitude of 800m ISA in the range of cruise
speeds up to 120% of the design speed Vp EAS i.e. 294km/h EAS (which corresponds to
320km/h TAS).

Only the rudder by itself was assumed to be present for the symmetric configuration of
the wvertical tail. Furthermore, the calculations do not account for any possible structural
damping.

Calculation of flutter characteristics

Plots of aerodynamic damping vs. cruise speed (EAS) for both the aircraft structure and
control surfaces are listed in the Appendix | (p26-32). The damping is expressed as a negative
decrement of the damping ratio d which is connected to the structural damping by the following
formula: y=(-d)/x.

Determination of the critical flutter speed

The tables (see below) present results of the critical flutter speed determined by an
analysis of the plots in Appendix | (p26-32) in compliance with FAR 23 626. Herein, an average
value of the inherent structural damping of y=+0,03 (i.e.. d=-0,1) is used to determine the value
of the critical flutter speed provided that the slope of the curve is not steep.
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SYMMETRIC Ve (EAS) description

a) 1% modal shape of the empennage (vertical
motion), not necessarily critical, reversal to
damping after reaching 173% of critical

fixed controls 163km/h damping value at 211km/h (EAS)

b) 6" modal shape of the empennage, continuous
build-up, critical damping reached at 198,1km/h

(EAS)
free controls noig@:zgwsp)to
ANTISYMMETRIC Ve (EAS) description
fixed controls 248km/h 6th modal shape of the empennage, continuous

build-up

not present up to

free controls 1,2Vp(EAS)

Conclusion — assesment of a potential flutter occurence of the UFM-13 Lambada OK-NUA

The results of the flutter calculations based on the experimental vibration tests and
detailed mass properties evaluation of the original elevator of the crashed aircraft show a
potential for flutter occurrence (i.e. self-induced empennage vibration).

The minimal theoretical value of the flutter speed at 800m ISA is 163km/h EAS
assuming standard interaction of a pilot with control stick, free pedal control, and symmetric
impulse to the horizontal tail. However, this mode does not evolve explosively and shows a
reversal tendency at 211km/h EAS. Its maximum excitation also doesn't exceed 200% of a
commonly assumed value of the structural damping for metal aircraft structures. Therefore it is
possible that this mode does not occur depending on the real damping of the Lambada aircraft
composite structure.

Second critical flutter for the same conditions (pilot-controls interaction, symmetric
impulse) is 211km/h EAS. In this case the mode is combined and irreversible.

As far as the antisymmetric impulse is concerned, the critical speed for the same
conditions (pilot-controls interaction) is 248km/h EAS. In this case the mode is combined and
irreversible as well.

In the case of free-stick controls the construction doesn't show any tendency to flutter up
to 1,2Vp (EAS) i.e. 320km/h EAS for both symmetric and antisymmetric excitation.

The flutter occurrence is supported by a mass imbalance of the elevator. Static moment
of the elevator balance mass reaches only 85,2% (0,165kg.m) of the total static moment i.e. the
remaining 14,8% represent the missing static moment of 0,029kg.m for reaching of the total
needed value of 0,194kg.m in front of the hinge axis.

The laboratory analysis (see Appendix I, p33-48) showed an excessive concentration of
composite matrix close to the elevator trailing edge compared to technical documentation which
assumes an even distribution of the matrix. This manufacturing imperfection caused a shift of
the centre of gravity axis to the elevator trailing edge which subsequently caused the static
imbalance mentioned above. However, it doesn't have to correspond to the total imbalance of
0,194kg.m.
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