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by
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1 INTRODUCTION

The TIGER flight test programme has been undertaken according o the following general principles (see Ref, 1),

- 5 protofypes have been scheduled and three of those (PT1, PT2 and PT3) hetp develop the basic hellcopter ie. the vehicle and
its avionics.

- PT4 helps develop the weaporty on the HAP version i.e. the French Army’s ground support and profection version,
- P& helps develop the common francoe - German anfl-tank version BAC/PAHZ

- Futhermore, PT2 is to be refrofitted into an HAP version and PT3 Is fo be refrofited Into and HAC version once the baslc helicopter's
development has been completed with those prototypes.

- Two test sites have been selected ; Eurocopter France’s Marlgnane facility for basic flight tests and the HAP version’s deveiopment;
Eurocopter Deutschland's Ottobrunn faclfity for the HAC/PAH2 tests,

- The basic helicopter's flight development has been entrusted to an Integrated Eurccopter France/Eurocopter Deutschiand feam
designated Flight Test Integrated Team (FIT.

This paper presents the resulfs obtained with the first prototype (PT1) from the flirst flight on Aprii 27, 1991 to mid July 1992,

2 PT1 CONFIGURATION

PT1 has been deslgned and marufactured to fly in HAC/PAHZ exfernal configuration bLe. with mast mounted sight and piioting
vislonics In the hellciopter’'s nose, as well as In HAP configuration l.e. with a 30 mm cannon in the helicopter's nose and roof
mounted sight,

furthermore, dummies wete provided of TRIGAT and HOT antl - tank misslle pods as wali as MISTRAL or STINGER it - fo - air missile
pods for In-flight carlage frials (see Fig. 13,

Rather than the production helicopter’s basic avionics, PT1 s equipped with conventional Insiuments and an adapted SA 332
systermn of eleciiical generation, PT17's test Installation Is bullt up around two computers : the first, designated CATINA, acaulres
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FIGURE 1 : EXTERNAL CONFIGURATION

parcmeters varying slowly Le. attiude. altifude, speed and engine parameters ; the second deslgnated SOCRATE acqulres
parameters varylng rapldly lL.e. skesses arnd vibrations.

Overall, the test instailation allows the recording of approximately 600 parameaters on bocard the helicopter, including 60 Infotaiing
axis on the main rotor,

Digitaf messages are processed elther in real time after fransmission by felemetry, o off - line by the Eurocopter France Fiight Test
Department’s calculation centre In Marlgnane, Every PT1 test flight has up tlll now been monitored by telemetry both for safety
and test productivity improvement reasons.

3 FLIGHT HISTORY

PT1 has completed 91 flights in 94 hours inciuding 54 hours in HAC/PAH2 configuration and 10 hours In HAP configuration. The
key dates are :

- First fiight on Aprii 27, 1991

- Presentation at the Paris Alr Show on June 13-22, 1991

- First flight with mast mounted sight (HAC/PAH2 verslon) on October 9, 1991

- Fitst evaluation by French and German Army pliot's (CEV and WTDE1) on December 12, 1991
- Fitst flight In HAP configuration on June 11, 1992,

10% of the development hours were flown, in accordance with the contract, by mixed Official Services/industry or Officlals only
Crews.

4 MAIN RESULTS

4.1 Hight envelope

It can now be considered that the orlginai flight envelope has been explored o, of least, that part of the fiight ervelope which
could be explored In the wedther conditions prevaling af Marignane.

Figure 2 presents, with pressure altitude/Indicated airspeed coordinates. the envelope opened In level flight and dives.
Figure 3 presents the load factor envelope stabllized in level flight or descent as a function of Indicated alrspeed.

The polnts presented on Figure 3 are the load factors the main rotor servo - confrols power aliows on a single booster.

As regards low speeds, the manoeuwviabiiity limits were explored in laterat flight up to 60 ki (Figure 4) and rear ward filght up to
50 K.

A 6350 kg reduced mass was demonstrated in hover OGE and numerous flights were performed af 5.7 T all- up welght, which Is
thought to cover foday every mission configuration of the heaviest version, HAC/PAHZ,
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4.2 Performance

It proved possible, affer mounting of the mast mounted sight, o check that power requited is in accordance with, o lower than,

predictions with the mission equipment drag configurations,

Figure 5 prasents a compcarison batwesn flight test and cerodynamic predictions.

The correlation Is proved fo be satisfactory, as a result of the extensive wind tunnel tests that were undertaken with a 1/8th scale

model In Marignane in 1989 and 1990 (Figure 6).
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4.3 Handling quatities
The longitudinal static stability was analyzed ot several c.g. configurations, and was found to meet FAR 29 requirements.

furthermore, records ware made of the dynamic helicopter behaviour with cyclic stick, collective and pedals fixed, which helped
determine the time to double amplitude of the phugoid oscillations (See figure 7).
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FIGURE 7: PHUGOID

Longitudinal static and dynamic stability were, generally, considered satisfactory from the beginning of the flight trials with the
norizontal stabilizer in the initial {afty or forward posifion and. as exptained in this paragraph, different factors e.g. mainfenance
will be laken into aecount upon the final selection of this stabilizer position.



Transverse handling qualtties were analyzed by studylng the helicopter's behaviour at different stabitized sideslips (dihedral and
waathercock effects), The contribution of the horizontal stablilzer's endpiates has, In particular, been quantified during numerous
flights without encipiates, All flight tests to date have been tlown without any form of cufomatic stabllisation, However, a SEXTANT
aralog AFCS, different from the production helicopter’s dightal AFCS, Is fited and foreseen to study the hellcopter’s dynamic
behaviour and should help check the validity of the gains predicted before the PT2 and PT3 flights.

The TIGER's NOE combat ability was contractually characterized by typical manoeuwies designated «ogressive manoeuviess of
«misslon task elementsr, Most of these are derlved from Ref. 2 and are, for example,

- Acceleration time from 0 fo 60 kt forward
- Deceleration time from 0 fo 60 kt forward
- Acceleration time from 0 to 30 kt sideways
- Deceleration time from 30 to 0 kt sldeways

Other manoeuvies Involve flying a «dolphine manoeuwie, switching from +2 to 0g, and slaloming between Imaginary stakes over
a 16 m wide side band (Figure 8).

~1 DOLPHIN
0g
~ MAXIMUM CONTINUOUS POWER
e /—\ - PULL-UP TO > 29
~ PUSH~OVER TO 0g
- & 10° ROLL AND YAW
29
~2 JINKING (SLALOM)
~ 80Kt
e - 40° BANK
g * ® 15m
-~ 25m 5m HEIGHT
stakes ! - 15m WIDE BAND
—3 180° TURN
- - INITIAL SPEED > 120kt
- 30m HEIGHT
~ TIME < 20s
— FINAL SPEED > 120kt
""‘% - 30m +15m HEIGHT

FIGURE & : AGRESSIVE MANOEUVRES (MISSION TASK ELEMENTS)

These manoeuvres were performed with PT1, and the ease with which they can be petformed shall have to be assessed by operators
on the Cooper - Harper scale.

4.4 Vibration level

The TIGER's main rofor is of the hingeless type with a flapping hinge offset equivalent to 10%. Because of the mission equipment
requirement for low vibratlon level, a flltering system designated SARIB is fifted and is extensively described and validated in (Ref.
3 and 4).

After some flapping welght adjustments, excellenf results were oblained at 4 perrev and 8 per rev ¢s a function of speed (Figure
@ and load factor (Flgure 10) ; SARIB also proved fairly insensitive to rotor speed, af least in the speed range authorlzed by the
engine govermnor and the autorofation speed range. PTI complies with the specifications throughout the operating enveicpe
explored today, both in the HAC version with mast mounted sight and HAP version with a 30 mm cannon In the nose.

In order that the mast mounted arnd reot mounted sight operate satisfactorily, the vibrations cannct be foo severe. for both linear
and angular cccelerations,

Two types of mast mounted sight supports, differing malnly i thelr rigldity, were tested In 1992, with the Infention of walidating
the ground test results and to establish a data base necessary for the design of a support optimised fo meet the environmental
requirernents (5ee Figure 113,

4.5 Ground resonance

All alrerait loading configurations have proved fo be frea of ground resonance.
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FIGURE 11 : MAST MOUNTED SIGHT SUPPORT
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5  PROBLEMS ENCOQUNTERED AND PT1 MODIFICATIONS

5.1 Horzontal stabilizer position

it had been declded. when the hellcopter was belng designed, to position the hotlzontal stabllizer very far aff on the fuselage
to meet the following two objectives :

- Very low and even zero negative lift in hovering fiight, because the stabilizer Is not concerned by fhe maln rotor induced airflow
- High longitudinal stabllity efficlency with a lever arm set to the maximum (fail unit - rotor centre distance).

The drawbacks of this declsion became apparent from the first flights, When the helicopter moves from hover to forwaid fight,
the dirflow Induced by the main rotor is impinges on the tail unit and causes the fuselage to plich nose up the pllot must then
move the cyclic stick forward to counter this pltch-up moment, Overall, a significant change Is noted, as shown on Figure 12,
in the longifudinat aifitude and moment at 1 per rev in rotating axls on the maln rofor mast, i was thus declded to move the
horizontal stabilizer forward (See Figure 13), Flight tests demonstrated that pitch-up s cancelled and the mast moments are
reduced with the stabllizer forward (See Figure 12). To date, the horizontal stabllizer’s size and position optimization has not yet
been completed, because the objective Is to deftne an opttmum configurction both for the HAP and HAC version with their different

arrnaments.
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5,2 Tait shake

This phenomenon, well known onevery modem hellcopter protolyps, Is genetated by the separate alr flows running from the centre
of the rofor of some parts of the fuselage that excite the tail of the helicopter, and on TIGER, more speclfically, the vartlcal fin.
This resulls In unsteady vibrations of relatively low {1 per rev approx.) frequency especially felf in descent, As far as TIGER Is
concermed. the alframe mailnly responds 1o the 2nd kateral mode (2 modes mode) of the fuselage (See Figure 14) where the
hellcopter's nose and the pliot are subjected to significant movements while the gunner remains unaffected.

VY (mm) T2
0.2 1 Y Pilot (@
® WITH MMS T8
0.15 4 * W/O MMS . o
M ¢ . $1
0.1 - ¢ ” °
°
L ¢ * ¢ 1{
0051 & 4, . ¢ ¢ ¢ 0.5
. ¢ o ¢ *°,
o 4 ig
o 20 40 60 80 100 120 140 160
IAS (kf)

FIGURE 14 : TAILSHAKE VIBRATIONS (FREQUENCY 41/REV)
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The solution to this problem was o systematic wind tunnel scan tn tofal pressure and turbulence intensity downstream of the rotor
centre, This helped locate the furbulent vortices and their impact on the vertical fin, These tests were confirmed with smoke displays
(oll Injection info the exhaust pipes) in fiight, The wind tunnel study was judged to be satisfactory, # became possible to optimize
the MGB cowling with a mock-up untll the size of the turbulent vortices was reduced and moved away from the centre of the
vertical fin (See Flgure 15}, Once FT17's MGB cowling had been modifled accordingly fllght tests conflimed the Improvement
recorded In the wind tunnel,
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FIGURE 15 : TAILSHAKE VIBRATIONS IN LEVEL FUGHT

6 CONCLUSION

One year of TIGER frist prototype flight tests helped explore fo a large extent the operating envelope. The versatlilty of this prototype
as regards armament configurations helped progressively to define optfirmum solution for both the ground support and profection
(HAP) and the ant] -tank (HAC/PAHZ2) versions. The origlnal challenge, which Involved having a basic vehicle strictly Identical for
both versions, ks belng met. The modifications that were made regarding handling qualltles and fall shake are proving positive.
There remalns now for the flight test team the challenge of handling a new avionics update beglnning with PT2"s first flight,
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