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ABSTRACT 

From now on, helicopter rotor tests in the large S1 MA wind tunnel at the Mo
dane-Avrieux Center of ONERA will be conducted with a new "BERH" helicopter rotor 
test rig. The qualification tests were run in November 1987 and the first industrial 
test campaign - the tenth in S 1 MA - was conducted in August 1988. This document 
presents the possibilities of this new device and some results obtained during the 
tenth test campaign. The new bench is technically different from the previous one as 
concerns its support structure, drive system and instrumentation. These modifica
tions have improved test productivity and measurement accuracy. With this new sys
tem, five rotors were tested in less than three weeks. The test methGd was thoroughly 
changed to include two major advantages. First, it avoids having to interpolate several 
times when comparing rotors. secondly, we can compare the blade stresses on two ro
tors at the same lift and propulsive force. To allow this approach, a control aid pro
gram operates on line during the tests. During the tenth campaign, a large amount of 
data was generated, and the quality of the data was shown to be satisfactory. 

NOTATION 

a :Speed of sound, m/s 

b : Number of blades 

c :Airfoil chord, m 

c.e :Rotor lift coefficient= L! [pnR2(0R)2] 

Co :Rotor drag coefficient= D! [pnR2(0R)2] 

Co :Rotor torque coefficient= Q/ [pnR2(0R)2R] 

D : Rotor drag, N 

L : Rotor lift, N 

M : Mach number=V /a 

Mtip: Hover tip Mach number=OR/a 

Q : Rotor shaft torque, Nm 

R : Rotor redius, m 

r : Spanwise station, m 

V : Free stream velocity, m/s 

X :Non-dimensional rotor propulsive force 

X=DI[ 4pv2crR2] 

ag : Rotor shaft angle, deg 

P :blade flapping angle, deg 

PC lji)=Po +P 1ccos( 'If)+ P 1 5sin( 1j1)+ .... 

11 :Rotor advance ratio=V /(OR) 

0 : Rotor angular velocity, rad/s 

1¥ :Rotor blade azimuth angle,deg 

p :Air density, Kgfm3 

cr :Rotor solidity=bc/(1!R) 

8 :Blade pitch angle,deg 

8( 1jl )= 80 + 81Ccos( 1jl )+ 81 5sin(1JI) 
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1 INTRODUCTION 

Far mare than twenty years, ON ERA has been 
conducting rotor tests in the S 1.MA wind tunnel to 
supply AEROSPATIALE Helicopters Division with 
the information required to develop its helicopters. 
During this period, there have been major changes 
in the test facilities and objectives. 

The original test rig used no longer allowed 
tests to be conducted with the required productivi
ty. A new test rig was therefore designed and built 
The qualification test took place in November 
1987. 

The first test, requested jointly by AERO
SPATIAL£ Helicopters Division and ONERA Aerody
namic Department, took placa in August1988. The 
tests concerned comparison of five rotors which 
differed only by their blede tips. To highlight the 
gains and performance of one rotor with respect to 
the other, it was necessary to completely change 
the test procedure. 

The purpose of this document is to describe 
the new rotor test rig now operational in the S 1.MA 
wind tunnel of the Modane-Avrieux Center and the 

new method used to compare rotors as well as the 
quality of the results obtained. 

2 THE NEW TEST RIG 

This section is a brief history recalling the 
reasons which led to the design of a new test rig, 
the design specifications and finally the descrip
tion of the rig. 

2.1 Historical Review 

The first rotor test rig used in the S 1.MA 
wind tunnel (Fig. 1) allowed a large number of 
test campaigns to be carried out (Ref. ( 1], [2], 
[3], [4]). 

Nme of these campaigns were conducted for 
the AEROSPATIALE Helicopters Division. Durmg 
these nine campaigns, the test objectives conside
rably changed. As the models progressed in the di
rection of an increasingly faithful representat10n 
of the real rotors, the test objectives evolved from 
basic research to gain a better understanding of 
operation of rotors and define the extreme limits 
of their domain of use to measurements disigned to 
guide industrial choices. Considering these Ia 
objectives, the old test rig hed two major shortco
mings: 

-Subsequent to a ground resonance which was ob
served during the eighth campaign, a strut was ad
ded to rigidiiy the structure supporting the rotor 
shaft This strut then made it impossible to tilt the 
rotor shaft during rotation. The result was an in
crease in the test time and a limitation in explora
tion of the flight envelope. 

-The second problem of this test rig was the pro
hibitive installation time, since it was necessary 
to first install the drlVe system located m the test 
section downstream of the rig, then to install the 
rig itself, make the alignments which were diffi
cult operations and finally instail the rotor One oi 
the wind tunnel chariots (movable test sectior' 

155 m 

AIR INlET FOR 
WATER TURBINE 

PROPEllERS 
..... 
t 

Fig. 1 -S 1.MA large atmospheric Wind tunnel schematic 
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was 1m mobilized for one month to prepare the test. 

These shortcommgs led ON ERA to design a new 
test rig in order to increase the productivity and 
decrease the cost of the rotor tests and improve the 
qua Illy of measurements. 

lmtial work was started on this new test rig 
m 1982. funded JOintly by ON ERA and the Direc
tion Generale de !'Aviation Civile (French counter
part of the FAA). Site acceptance took place in 
i 985 and the qualification test in November 1987. 

2.2 Specifications of the New Rotor 
Test Rig 

This test rig is designed to be installed in the 
large S I.MA wind tunnel of the Modane-Avrieux 
Center. The test section is 8 meters 1n diameter 
and 14 meters in length. For helicopter rotor test 
the maximum airspeed used is 130 m/s but this 
wind tunnel is able to reach M = I. 

The main specifications of the new rig are 
very similar to those of the original rig. Only cer
tain technical solutions are different. 

D The new rig is capable of driving helicopter or 
tilt rotor awcraft rotors up to 5 meters 1n diam
eter. In order to be able to test a 5 meters tilt 
rotor, power and drive torque characteristics are 
imposed as well as the rotor tilt angle. These 
characteristics are as follows: 
- max1mum power 500 kW 
- maximum torque 7000 Nm at 680 rpm 
- tilt angle between +25 degrees ana -95 de-
grees 'lllth a pos1tiomng .Jccuracy of ±0.02 de
grees. 

D The rotation speed range varies from 0 to 
1100 rpm. As regards test r1g and model safety, 
control of the rotation speed is an essential fac
tor in definition of the rig. In addition to the 
speed range, other constramts had to be taKen 
into account, i.e .. 

- the rotor must never be stopped ;n presence of 
wind in the test section 

- the rotor must not be subjected to fast varia
tions in rotation speed. 

D These constraints requwe very sophisticated 
regulation whose main function is to insure the 
stability of the rotation speed. During the phases 
of variation of a parameter, the stability is in
sured within ±2 percent. During the so called 
"stabilized" measurement phase, the speed must 
be held within ±0.2 percent. 

D Both directions of rotation must be poss1ble. 

DAn important specification concerns the rigi
dity of the test r1g. The frequency oi the first 
longitudinal eigenmode must be higher than the 
rotation frequency so as to avoid any risk of 
ground resonance. 

D The test rig installation and removal times 
must be as short as poss1ble in order to improve 
the productivity of the test. The target set for 
installation of the test rig is to immobilize the 
chariot for on iy four days before entry m the 
aerodynamic circuit. 

D Finally, the quality of all the measurements 
must be such as to achieve an overall accuracy of 
rotor performance measurements of approx1ma
tely ± 1 percent. 

r------- 14m.--------, ¢:am. 

AIR SPEED. 

center Jlne 

Fig. 2 -New rotor test r1g 
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2.3 - Desmotion oi the Rotor Test Rig 

The test rig mcluaes three mam parr.s (Fig. 2): 

- the drive system , 

- the structure supporting the rmor, 

- the measurmg mstruments. 

2.3. 1 Drive System 

An electric motor drive system was selected 
for reasons of cost and ease of ;mpiementation. 
Th1s solution, bulkier than a hydraulic solution, 
precludes installation of the motor directly at the 
end of the rotor drive shaft. It therefore requires a 
support with a tilting and driving system. 

The drive motor is mstalled vertically un
der the test section, in the plenum chamber. It is a 
DC motor whose speed is controlled by modulating 
the current within the usual range ( 700 to 11 00 
rpm). To insure perfect speed control, this drive 
motor operates using several systems permanent
ly mstalled in the basement of the wind tunnel. The 
systems mainly include the DC generator and bac
kup systems in case of a line power failure 
(Fig. 3). 

-direct switchover to the batter1es in case of 
a ia1lure detected on the converter umt. 

2.3.2 Supporting Structure 

The structure supporting the rotor wh1ch 
tilts the rotor shaft and drwes it in rotation, ;s 
called bevel gear. in order to oe aoie r.o test tilt ,"Q·

tor craft with S-meter diameter rotors, the t.iiting 
center must be located near the center line of the 
test section. Th1s constramt iS a arawoacK for ,,_ 
gidity, since it is necessary to locate the bevel 
gear, wllh many mechanical parts, relatively hlgh 
in the test section (Fig. 4 ). 

The solution adopted consisted in buJlding a 
bevel gear, as light as possible, supported 'ly 

four leggea structure. 

The streamlined beams forming this struc
ture are made oi steel. At the bottom, thev are :>uo
ported on ver; rigid consoles fixed on the char:ot. 
The utilities requirsd for the tests, hvor3ulic, 
pneumatlc and electrical lines, go through the :aJ
rings. 

r--------------------~ 

I ROTARY CONVERTER I - ----:! 

I 
I 
I 

I I 

rectifying j I motor current I 
electnc [ device I D.C. generator I 
power I ' ' supply I I 

' ___ j 
~-- ---------- -----

drive motor 

r--1---------- ---~ D.C. 
I EMERGENCY DEVICE 
I I 
I 

i monitor ' 
I storage ' 
I battery and driver i 
I I 
I I I 

L.- - - --- - -- ---- - - - -· -- --- J 

Fig. 3 -Motorization block diagram 

A supervision system is provided to protect 
against the various cases of failure: 

The bevel gear includes a fixed part and a tJI
ting part made of light ailoy. Tilting is achieved by 
a motor-driven gear-wormscrew assembly. ,;no
ther gear-wormscrew assembly insures lockmg :n 
position. The automatic control 5"/Stem has a posl
tion and speed feedback loop. The max1mum t1it1ng 
rate is 2 deg/s. 

-short power cut, by the inertia of the DC 
generator 

-power cut, by batteries for 2 minutes 
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2.3.3 Measuring Instruments 

The measuring instruments are an integral 
part of the test rig, since they provide the mechan
ical linkage between the tilting part of the bevel 
gear and the rotor. In Figure 5 can be seen: 

-the balance for weighing the aerodynam 1c loads, 

-the torquemeter and flectors. 

2.3.3.1 Balance 

The balance is a nonrotating balance with as
sembled plates, connected by six dynamometers. 
The lower plate is attached to the tilting part of the 
bevel gear and the upper plate supports the rotor. 

The dynamometers are interchangeable. In 
helicopter mode, three dynamometers measure the 
lift force, the roll and pitch moments, two meas
ures the lateral force and rotor bearing friction 
moment and one measures the propulsive force. 
Their rigidity is a major factor in the overall ri-

. gidity of the test rig. They are therefore generally 
overdimensioned with respect to the loads devel
oped by the rotor. In the current version, the bal
ance has a drag dynamometer with a capacity of 
10,000 N. All other dynamometers have a capacity 
of 20,000 N. To insure good sensitivity, the dyna
mometer par\ is designed so \hat the useful operat
ing range corresponds to \he dynamic range of the 
S 1.MA wind tunnel measurement system. 

This overcapacity is an advantage and a safety 
factor for such tests, where dynamic exc1\ation can 
overcomes the average values of the loads to be 
meesured. The balance is also equipped with a safe
ty device which can lock \he upper plate. Three re
mote control Jocks are actuated if one of the dyna
mometers exceeds a preset load. 

2.3.3.2 The Torquemeter and Flectors 

The \orquemeter is a thin tube used to meas
ure the motor torque supplied to the rotor. It is lo
cated on \he transmission line inside the balance. 1\ 
has a capacity of 3000 Nm for helicopter tests. 

The flectors, which are elastic decoupling 
devices, are located on either side of the torqueme
ter. They insure the transmission of the motor 
torque while being axially very flexible so as not to 

short circuit the balance. A strain gage bonded to 
the upper flector allows the residual stiffness of 
this element to be taken into account. 

These strain gages are located on the rotating 
part. To transmit \heir signals, a siJpring is locat
ed inside the transmission shait. This slipring, 
which does not transmit the rotor torque, trans
mits all the inputs from the rotor hub. It includes 
137 measurement tracks and 13 power tracks. 

2.3.4 Acquisition System 

The S 1.MA acquisition system is equipped 
with 80 analog channels. All the signals are filtered 
by low-pass f1lters ( KEMO - 24 dB/octave) set at 
different frequencies according to the type of acqui
sition : 

Global weighings (filters set at 0.5 Hz) : when the 
rotor balance conditions are achieved, the signals 
are digitized ten times at a rate of one acquisition 
per second. The average of these signals is used to 
compute the performance. 

Harmonic anaiys1s (filters set at 200 Hz) : after a 
global weighing, all the signals relative to the dy

namic measurements, generally blade bridges, are 
digitized on 64 points per revolution for ten con
secutive revolutwns. 

2.3.5 Use of the New Test Rig 

With this new test rig, preparation of a test 
begins directly with installation of the rotor. In ef
fect, the storage platform and handling facilities 
are disigned to carry out th1s operation without 
havmg to immobilize a chariot. L ;ght-we;ght pI at
forms allow work to be done on the rotor under good 
conditions. 

When this first operation is completed, the 
entire supporting structure is transported in the 
chariot (Fig. 6). No mechanical adjustments are 
required as the position of the test rig on its anchor 
points was marked during acceptance operatiOns. 
All the mechanical, hydraulic, pneumatic and elec
trical interfaces are designed to be connected rap
idly. 

In the test section, work on the rotor is facil
i\ated by the use of platforms which are rapidly in-
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F 1g. 5 - T orquemeter and 

6 component-balance 

Fig. 6- Getting into the test 
section 

Fig. 4 - New test rig in S l .MA 

Fig. 7 - Hub mounted on r1g 
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stalled and removed. 

To control the rotor speed, it is sufficient to 
set the value to be reached and confirm this set
ting. The automatic central system then varies the 
speed to reach the required value complying with 
the speed and acceleration settings made. When the 
desired speed is achieved, the automatic controller 
performs regulation. This procedure substantially 
improves the productivity of this test rig by ccm
parison with the old test r1g on which the control 
was manual. 

Tilting oi the mast is controlled by the same 
principle or directly by pulses until the desired 
value is reached. 

All these improvements were evaluated dur
ing the tenth rotor test campaign. They allowed use 
of a more eificient test method to compare rotors. 
This method is described in the next section. 

3 WI NO TUNNEL TESTS 

3. 1 Rotor Description 

The rotors used during the tenth campaign 
are similar to those of a 1:4 scale SUPER PUMA. 
Model rotor blades are Mach scale. 

3. 1. 1 Hub Description 

Figure 7 is a photograph of the hub installed 
on the balance and the bevel gear. It is a four-blade 
articulated hub : the lead-lag and flapping hinges 
are at the same location .075 m from the rotor 
hub center, i.e. an off-centering of 3.5 percent. 
The pitch hinge is located beyond these hmges. 

. ~ngular frequency adaptors are installed on 

1+----C --~ 

Rectangular 
7A ROTOR 

the lead-lag hinge and are used to handle any 
ground resonance problems : the first drag mode 

was thus mcreased from 0.26 0 to 0.40 0. 

The pitch control system cons1sts of a fixed 
swash plate/rotary swash plate assembly driven by 
hydraulic actuators located at 120 degrees. 

3. 1.2 Description of the Blades 

The technology used to produce the blades is 
very close to that used for full scale compos1te ro
tor blades. The spar is made of giass-fiber rov1ngs 
and the rear part is filled with honeycomb. 

The skin of the blade cons1sts of !eyers of 
carbon fiber at 45 degrees whose thickness de
creases towards the trailing edge. Chordwise bal
ancing 1s ach1eved through adding INERMET coun
terweight en bedded mto the spar. 

From a strictly dynamic pomt of view, the 
blades of this model are not identical to those en
countered on a full scale rotor : the first flapping 
and drag modes are positioned as on a fuil scale 
four-blade rotor, but the frequency of the first 
torsion mode is h1gher than that encountered on 
most AEROSPATIALE helicopters. 

The rotors tested during the tenth campaign 
included two families of blades. The bas;c rotor 
blade had a rectangular tip. The others had an SPP8 
tip (Fig. 8) with different anhedral definitions, 
one of these is identical with the new main rotor of 
the SUPER-PUMA MK2 . 

O,Bc 

; 

-0,666c 0,333c 

SPPB 
7AD ROTOR 

F1g. 8 -Blade tip shapes 

98-007 



The main characteristics of tt"lese two sets of 
blades are as follows : 

7A MODEL 7AD MODEL 

Bas1c chord ( m ) .................. . 
Radius ( m) ......................... . 
Number of blades ................ . 
Solidity .............................. . 
Cutout ( r/R) ...................... . 
Airfoils: 

0.202 R to0.75 R .......... . 
0.9 R toR .................. . 

Hub offset ( m) ................... . 
Tip shape: (figure 8) 

0.14 
2.1 
4 
0.085 
0.202 

OA213 
OA209 
0.075 
Rect. 

3.1.3 Description of the Instrumentation 

0.14 
2.1 
4 
0.085 
0.202 

0A213 
OA209 
0.075 
SPP8 

Figure 9 shows the radial distribution of the 
strain gages that measure the bending and torsion 
moments along the blade. Two pitch control rods 
and the rotation scissors are also equipped. The 
mast also includes gages to measure its bending. 
Flapping and lead lag angles are measured on the 
hinge of one blade, p1tch angle 1s measured on the 
hinge of each blade. All these measurements are 
made in a rotating reference frame and are trans
mitted to the acquisition system through the sli
pring. The displacement of the control actuator 
rods is also measured, in a fixed reference frame. 

The performance of the different rotors is 
evaluated from the direct measurements made by 
the balance and the t.orquemeter. 

F : Flap bending 
L : Lag bending 
T: Torsion 

During the tenth test campaign, n01se meas
urements were also made using e1ght microphones 
located around the rotor. These measurements. 
made in the guided test section wl\hout acoustic 
treatment on the wind tunnel walls, were sens1tive 
to the many reflections on the walls. For the next 
test campa1gn. it was dec10ea to cover the walls 
wlth an absorbent coating in arder to decrease 
thase reflection phenomena to a minimum. 

3.2 Test Program 

The purpose of the tenth rotor test campa1gn 
at Modane-Avrieux, was to compare the oerior
mance, vibration and noise of the rotors wlth dif
ferent b Jade tips. 

Earlier (Ref. [5]), the tests were conouctec 
at iso-as. A collective pitch scan was made for 
various advance parameters. The mfluence of com
pressibility was studied at constant odvance ratio, 
conducting the test at different rotor speeos. To 
compare the rotor performance, it was then neces
sary to smooth the performance measurements to 
arr1ve at constant speed, lift, prooulslVe force and 
per1pneral r:ach number. The smoothmg methoo 
used is described in document Rei. [5]. As for all 
smoothmg methods, small uncertamties appear at 
the limits of the test domain ond detailed rotor 
compar1sons may then oe b1ased. in aa01t10n. the 
comparison of the loads ond vlbrauons was ·1er't 
difficult. 

r----------R:2.1 m ----------1---l 

featheri!::ng:---+-----+-----+-------+-f' 
axis 

7A(rect.) 

?AD F 
(SPP8) T 

.95 R 

l 
.74 R .40 R .22 R .19 R .16 R 

Fig. 9 -Blade instrumentation 
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To overcome these difficulties, it was decided 
to conduct the tests under the following imposed 
conditions : 

Lift coefficient: C,Ua 

Propulsive coefficient: X 
Tip Mach number: Mtip 

Advance ratio : J.L 

Figure 1 0 shows the parameters scanned 
during the tenth campaign : the test range in lift 
and speed is very large. 

On a helicopter, in ilight, the roll and pitch 
moments generated on the rotor by the longitudinal 
and lateral cyclic pitch controls balance the roll 
and pitch moments generated by the aerodynamic 
forces applied to the airframe. This balance does 

x = .0196 5( = .0392 

?AD ROTOR 

o--o ~1s=f->1c=O 

_rF->1C =e,s 
(i31S= 0 

N PITCH LINK LOAD 
(hall peak to peak) o 

500 / 

400 / 

/d 
300 o.. ___ _ 

' ' 

.oe .aa 

' ' ' ' 

M tip=·646 

g 
.10 0'" 

not exist in the wind tunnel and it is therefore 
necessary to impose two additional conditions for 
cyclic control of the rotor. GenPrallv in the I'Jind 
tunnel, tre lateral a;:d longiludinal cyclic :J1tc~es 
are adjusted so that ,he first harmomc oi the flap
piing angle is zero (Rei. [6], [7], [·3l. [9], 
[ 1 OJ). In Modane-Avrieux, the cyclic control law 
is chosen such that : 

Jong;tudinal cyclic pitch= long;tudinai t;lt 
( 81s = ~!c) 

lateral tilt=O deg (Pis = 0 deg) 

This control law has the advantage oi being 
the best tradeoff of control loading and bendmg mo
ments along the blade, as is shown by figure 11, 
allowing the test domain to be as large as possible. 
During the campaign spec;fic tests showmg the 
influence of the control laws were run. 

X..0588 

x ,.04 

Nm FLAPWISE BENDING MOMENT r/R : 16% 

60 
t half peak to peak l ,o 

/ 

50 __.0" 
,/ 

o---- --
40 

Fig. 11 -Cyclic laws influence on rotor dynamic loads 
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3.3 Desmpt10n ot the Control Aid Pro
gram 
In order to facilitate rotor comparisons, as 

was seen above. 1t 1s preferable to impose loads. 
The cyclic control law also raauires 1m posing addi
tional constraints between the smgle cycle flapping 
and pitch movements. 

The point where the measurements are made 
is therefore reached after several iterations on the 
following rotor control parameters: 

Collective pitcn ( 9o) 

Latera I eye lie pitch ( 9lc) 

Longitudinal cycl1c p1tch ( 9ls) 

Mast tilt angle (as) 

If these iterations are made by trial and er
ror, it is very long and difficult to obtain a point. 
To overcome this problem, an automatic control aid 
system was developed. Its operating principle, 
based on an iterative process, is as follows: 

0 - Ch01ce of the test configuration( C JI0)0 , X0
, 

]1, !'-!tip w1th the cnosen control law 

! - lmtializanon of 90, 81c. 9ls. as from earlier 
tests or prior theoretical computations 

? "" . . ';. v ·~ Q d t _-, .easurBmems 01 <,,_;a,.,, f'lc. f'iS ue .o 
·;hese commands 

3 - Search for the matr':< 0i parcial der,vatives 
to aetermme the 0aco01an [ J I 

r 
,J(C2/") J(C2/") ·l(C2/cr) o(C2/cr) 

-- --
I 

aa0 oa 1c aaiS acxs 

ax iJX ax ax 
-

aa0 aa1c aa 15 aa5 
[ J ]= 

iJ(S1S-~1C) a(e1S-~1C) a(a 15-~1Cl a(a 15-~1Cl 

iJ60 ae 1c aa 15 aa5 
ap,s ap,s ap,s ap,s 

L 
aa0 aaiC aa 15 a as 

These partial deriVatives are evaluated by suc
cessive increments on the various commands by 
finite differences. For instance. 

This complete evaluation of the Jacobian there
fore requires four increments on each oi trte 
commands which are applied by the pilot and 
four measurements of the equilibrium parame 
ters. 

4- Computation of the new command 

[Xli = [9o, 9Jc. 9ls. asli 

from the Newton-Raphson recurrence formula 

[Xli+l = [Xli- [J]-I [Yli 

where: 

[Y]j =[Cz/cr- (Ci/cr)0,'x-X0, 9is- Pic. Plsli 

5- A.pplication of the new commands by the or
lot 

6 - Measurement oithe new C.l!a, X, P1c. Pis 

7 - OperatiOns 4 for to 6 are repeatea unt! I 
[Y] = [0] 

This process is similar to the one adopted ~n 
the rotor computation models. The oniy difference 
cons1sts oi replacmg the theornrcai rotor moaei 
by the direct measurements made on the rotor" 1n 
the wind tunnel. 

This automatic system, programmed on the 
central comouter oi the wmd tunnel which also 
manages acquisition and supervision of the test, 
guides the pilot by suggesting values of the com
mands to be applied to the rotor. These values ap
pear on a screen located m the test control room. 

This program has the advantage of helping in 
rotor control and improving the accuracy in aD
taming the lift and propulsrve force objectives, 
which then facilitates comparison of the rotors. 
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3.4 Test Methodology 

The test method consists of consecutively 
"weighing" the various sets of blades mounted on 
the same hub and comparmg their performance 
computed from the filtered s1gnals. 

The hub effect is not negligible (fig. 12). 
The tests begin by weighing the hub without ro
tatmg blades for several advance ratio, rotor shaft 
angles and collective pitches. The global weighing 
is then corrected for hub effects to obtain the 
performance of the set of blades. 

.0150 

.0125 

.0100 

.0075 

.00 

.0025 

~!J.=.55 

-~!J.=.50 

~1"=.45 

~J.1=.40 

c---o--c-o--" !l = .30 

drifts in the meesurement apparatus. The reprodu
Clbllity of the tests is satisfactory. For rotor 7A 
(Fig. 13), the differences on the pltch settings are 
Jess than ±0.05 degrees. Under these conditions, 
the accuracies observed on the mam parameters 
are: 

motor torque : t.Ca/CQ = ± . 7 :'6 

lift : t.C_e!C.z = ± .8% 

propulsive force: t.Co/Co = ± 2. 7 % 

.0175 

.0150 

.0125 

.0100 

.0075 

.0050 

.0025 

~~=.55 

~~=.50 

~)l=.45 

~)l:.40 

~)l:.30 

0 10 20 Collective pitch (a ) 0 10 20 Collective pitch (a ) 

Fig. - I 2 Blade-off oerformance 

3.5- Quality oi the Measurements 

The results given in this section are aimed at 
demonstrating the qualiiy of the measurements ob
tamed wlth the new test rig. Th1s quality 1s high
lighted from the repeatability tests, the perfor
mance between rotors and the various local values 
measured on the rotor. 

3.5. I Repeatability tests 

During the tests, repeatability tests were 
conducted in order to make sure there were no 

The inaccuracy on the propulsive force in the 
aerodynamic axes is due to the uncertainty on the 
balance ( ±5 N) and the projection of the lift un
certainty ( ±30 N) on the propulsive force axis. 

For a propulsiVe force coeiiic1ent set under 
these conditions, the curve of lift versus torque is 
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supplied in the test domain with an accuracy of 
around 1 percent, wh1ch is the stated goal. 

3.5.2 Performo1lC6 Measurements- Rotor compa
rison 

Figure 14 shows the comparative perfor
mance of the basic 7A rotor and the 7AD rotor with 
SPP8 tips whose anhedral is identical to that of the 
new SUPER-PUMA MK2 main rotor. The compar
isons are established for advance ratio fl.= 0.3, 
0.4, 0.45 and 0.5 for a propulsive force coefficient 
X = 0.04. The gams in performance of rotor 7AD 
are approximately 3 to 5 percent for low lifts. For 
higher lifts, at fl.= 0.3 and 0.4, the two rotors are 

equivalent, whereas for fl. = 0. 45 and fl.= 0. 5, ro
tor 7AD is always more performing. 

3.5.3 Measurement of Loads on the Rotor 

The curves given in this section show typi
cal examples of comparisons now made possible by 
the control method. In fact, this new procedure 
allows load comparisons to be made directly on a 
rotor by varying a single parameter while mam
taining all the other parameters constant. It obvi
ously allows comparisons to be made between the 
different rotors as well. 

Jl• .3 Mtip=.646 q l<r •. 0625 X=.04 

·-Ibm ~~ imnnn 
1%345171 1%345171 1%3.5171 

c0;a ct;a Cafa 

~.,) n-rr1mf' l mnmr'! 1 ! 111 i 1 r 

Cl 
(f 

.12 

.10 

.08 

. 06 

1%3.5171 1%345871 1%345178 

Fig. 13- Comparison oi test data repeatabiiity 
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Co 
~----------~~----~~~~~------~~ 
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Fig. 14 -Rectangular tip -SPP8 tip performance 
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3.5.3. 1 Control Loading 

The influence of lift on 
the contra l loading can be 
observed in Figure 15 for 
j! = 0.3, Mup = 0.646 and 
X= 0.04. When the lift in
creases, large oscillations 
appear on the retreating 
blade. They can be explained 
by a stall on the retreating 
blade with excitation of the 
blade torsion mode. 

Figure i 6 shows the 
influence of the advance ra
tio on the control loacing for 
C:t)cr = 0.075, Mup = 0.746 
and X= 0.04. 

3.5.3.2 Flapping and Edge
wise Bending Along the Blade 

Figure 17 shows the 
importance of lift on the 
amplitude of the edgewise 
bending moment for j! = 0.3, 
Mtip = 0.646 and X= 0.04. 

7 AD ROTOR JL =.3 

N A PITCH LINK LOAD 

I 
400 

200 

-200 

0 !DO 200 300 AZIMUTH(<>) 

Fig. 15- Rotor lift influence on pitch link load 
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Fig. 16 -Advance ratio miluence on pitch link load 
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Fig. 17- Rotor lift influence on edgewise bending moment 
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Figure 18 snows the 
influence oi the advance ra
tio on the amplitude of the 
flapping moments for 

7 AD ROTOR M tip :.646 C£/if = .075 X= .04 

Nm FLAPWISE BENDING MOMENT (Half peak to peak l 

Clfa = 0.75, Mtip = 0.746 
and X= 0.04. 

~ 
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Fig. 18 -Advance r·atio iniluence on flapwise bending moment 

4 CONCLUSION 

The new he I icopter rotor test r1g of the 

S l.MA wind tunnel (ON ERA - Modane-Avrieux 

Center) allowed the tenth test campaign to be con

ducted in August 1988 for AEROSPATIALE Helicop

ters Division and ON ERA Aerodynamic Department. 

This campaign first showed that this new 

test rig amply covered the flight envelope of cur

:ent helicopters both for lift and speed. Realistic 

r"light cases were even simulated at very high 

speeds (Y = 400 km/h). It also demonstrated that 

the goal of increasmg the productivity was 

achieved, since five rotors were tested and com

pared in three weeks. 

Th1s test r1g also allowed use of a new test· 
method for comparing rotors at constant l1ft ;Jnd
propulslve force, \hereby facllitating analys1s oi 
the results from the standpoint of periormance and 
also of load and vibration. 

New uses are planned rn the near future for 
th1s test r1g. At the oegmnmg of 1990, a typ1cal 
helicopter test wlll take place w1th hlQhly Jnstru
mented blades ( stram gages and pressure transauc
ers) and also w1th the presence oi a :"t1selage unae. 
the rotor. Thrs campa1gn w1ll be foilowed by the 

test on the EUROFAR European tilt-rotorcraf\ rotor 

model. 
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