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INTRODUCTION

The purpose of this document is to describe the overall operations which must be
performed to make main rotor blades interchangeable with one another, both from the
dynamic and the aerodynamic standpoint.

This operation comes lmmediately after that for static balancing which guarantees
equal centrifugal forces.

Specifically, the dynamic balancing operation consists In carrying out moument and
tracking measurements with respect to a master blade.

Dynamic balancing is achleved by the chordwise displacement of balance welghts
located at the blade tip.

Aerodynamic balancing is achieved by cambering the tab.
A parameter called, A I, 1s measured at end of balancing; it resulta of the effec—

tive twist of the blade and facilitates the trimming operations on alrcraft by
providing the best possible tracking right from the first rotation sequence.

[ssue
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I - TEST CONDITIONS

lll -

1-2 e

1-3""’

Atmospheric conditions
As a peneral rule, the requirements are as follows ;
s no raln nor fine drizzle

« uniform wind, 25 knots (20 knots in average in case of buffeting gusts)
or according to the guality of the measurements.

Blade condition prior tuv balancing
» The blades must have gone through a staitic balancing operation.
. The tip caps must have gone through a weight adjustment operation.

. Each blade must be balanced with its own tip cap installed with all the
attaching screws.

WARNING - Never rotate without tip cap.

Requlrements to be met for guaranteeing the effectivily of the tests

+ All the dynamic balanclng operations must be carried out with reference
to 8 master blade.

As prescribed in Doc., GIR 3544, carry out the following checks
- Daily :

AR/ and static zeroes (check twice daily in case of temperature
variation exceeding  10°C).

- Heekly :

Calibration of recorders by dead weights and rotating zeroes as pres-—
cribed in Doc. GIR 3544.

~ Monthly, or whenever a rotating component has been changed :
Hub calibration check.

= Every 100 blades, or in case of ﬁigh variation of accompanying blade
{» production tolerances).

Check the calibration of the secondary blade. In case of production
rate exceeding 100 blades per month, this calibration shall be checked
once a wmonth. ;

IMPORTANT NOTE : Any blade having undergone modifications or repairs

after dynamic balancing wmust be passed again through the
balancing stand.

The personnel responsible for the balancing stand shall
record any tendencies that they way have observed every
day, as well as the results of the calibration checks,
and report these to their direct hievarchy.

1ssue
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2 — TEST AND BALANCING EQUIPMENT

2.1 - Blade balancing system equipment and tools

a) Test equipment

- HMoment measurements : 3 MECI Speedomax type graphic recorders (Leeds
and Northrups license) are required (direct and differential measu-
ring capabilities), accuracy : * 0.3 7 F.IL.R

~ Tracking measurepments : 1 cell-computer assembly Chicago Aerial
model WMI/WMIA, measuring accuracy + 2 mm.
As an alternate, 2 graphic recorders (MECI 12.5 4+ 12.5 mV r.m.s.
Lillipont) may be adapted to provide a better measuring accuracy

RADIUS for 332 : 28
or
1 cell~computer assembly
"ALTILAS 2100 SORO with built—~in graphic recorder,
measuring accuracy : + 1 wn, drag measurement capability,
measuring accuracy ! * 2/100 of a degree.
b) Tools

. 1 tab cawmbering tool

. 1 11.804 kg weight (HES 607 940), for calibrating the HMECI graphic
recorders. :

2.2 - Master blades
In order to ensure qualilty control over long periods of time, 3 primary
master blades and 3 secondary master blades must mandatorily be available

- 8See GIR No 3544,

These blades must be checked and adjusted on the static balancing stand
once a yearvr.

Provisions concerning approved and
licensed balancing stauds

The 3 primary master blades must man-
datorily be sent in to Aerospatiale
every 2 years for revalidation.

- Primary master blades

These serve only for checking Al zero, calibrating the rotor head and
recallbrating the secondary blades if need be. Whatever the
clrecumstances, these blades must never be used when it is raining or
when the atmosphere isg dust-laden.

Issue
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- Secondary uwaster blades

These are used for balancing "production” blades and wmust be checked
and touched—up if required with respect to priwary master blade stan-
dards. Any differences which may possibly remain are counter-balanced
by correcting operation {see GCIR 3544},

The master blades must he stored in special premises sheltered against

any contamination (grease, oil etc.) ; they must be carried on special

trolleys on short paths and in containers corresponding to the relevant
type of blade for travelling a long way.

They must be scrupulously clean and, if need be, waghed with a water

+ Teepol seolution or any MIL C 25179 A equivalent product. Next, rinse
them with running water and wipe dry.

This operation must be performed lmmediately after removing the blades
and prior to storing. Thus, it will be simply necessary to wipe them with
a eclean and dry rag before installing them for a new operation.

2.3 - Balancing stand blades

Tt is recommended to have available a set of blades for the balancing
stand ; this set can be used for any test risking to put in questicon the
balancing properties of the master blades (repulation adjustment, exces-
sive rises in pitch, etc.)

The dynamic balancing qualities of these blades are the same as those
imposed for the “production” blades.

CHiIlE
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3 -~ PREPARATION OF BLADES AND BALANCING STAND

3.1 - Preparing the balancing stand

. Designate a résponsible for inspecting the balancing stand in accordan-
ce with instructions.

"+ Check wind speed and direction (see test conditions), orient cyclic
pitch 1° windward.

. Check rhat rotation direction corresponds to type of blades to be ins-
talled.

» Inspect the balancing stand area and remove any items liable to cause
damage (rags, lockwire, etc.).

3.2 - Calibrate the recorders - TNoc. GIR No 3544

According to case, vefer to appropriate maintenance schedule {(1.3).
Ad just static zero, proceeding as follows :

‘Bare head with adapters = N 250 RPM — O = 1° dial, eyclic 1° TWD.
Ad just the vecorders on direct and differential zero.

Stop the rotor, discounnect the rods and record the values obtained on
each recorder {static zeroes).

3.3 - Install the blades
3.3.1 = Install the secondary master blade on the yellow sleeve {(check
serial number) and preset the AIl value corresponding to this

blade indicated on the results sheet,

Check the blade for cleanliness : if just votated for a previous
balancing operation, clean with a wet sponge and wipe dry.

(A solled blade ean cause an error in A MO value reaching the
tolerance limits).

3.3.2 - Install the blade to be balanced on the blue sleeve ; set the AR
to 0. Inspect the blade.

Check that the blade dash-number corresponds to that of a blade
capable of being balanced with the installed secondary master
blade.

Check for cleanliness.

Make sure that all the tip cap attaching screws are filted.

Check the blade for overall conditien (L.E, T.E, Tab, tip cap
aligoment, etc).

Issue

N°___332A.04.3760 Page &

e ae R d P 4 e -



g

3.3.3 - Install the accompanying blade on the red sleeve {this serves for
checking the stability of the adjustments),

Same cleanliness requirements as for the secondary blade.
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4 - BLADES BALANCING PROCEDURKE

4.1 ~ Adjusting the tab
4.1.1 - Run the rotor at 250 RPM nominal rating, at 1° collective pitch.
4.1.2 ~ Data recording

Cancel the track deviation for blue and red with respect to the
yellow master, by operating the corresponding actuator.

CAUTTON -~ Never touch the master blade yellow
actuatoer when balancing production
blades.

Record the moment values ! direct measurement on yellow and
differential measurement on blue and red. It the value of Lhe
blade to be balanced exceeds the differential measurement
capability (instrument at full scale), change-over to the direct
mode, multiply by three and reconvert the difference into
algebraic value with respect to the master blade.

WARNING - TFor all measurements, the corrvection values wmust be
taken into account while attempting to obtain the spe-
cified values (secondary sleeves and master blades).

4413 = Tab corvections to be made

If the value shows a deviatlion exceeding 10unM, correct by
cambering the tab.

«» Positive differential value

Camber tab downward

. Negative differential value

Camber tab upward

[ssue
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4.1.4 -~ Procedure

The tab is divided into 9 segments

T e e ————Ty
_ -
N.B. ~ The segments T8~9 must be set to zero and must not be cambered R

these are reserved for in flight adjsutment.

The adjustment possibility is of * 5° with respect to the original
0 setting.

The use of tool No 703.A.94.1130.00 is mandatory.

The value corresponding to the adjustment must be entered on the
blade equipment log card (FME).

Rule : When making the adjustments, attempt to camber the segments by the
same value ; 1f this is not possible, camber segment Tl by

1° less, then T,, etc.

EFFECTIVENESS

1° on tab = 2 mN
4.2 - Adjusting the weights

Rotation or nominal rating corresponding to type of blade to be balanced
and blade pltch variation.

4.2.1 - Run the rotor at low pitech nominal rating.
4.2.2 - Recording the data
Cancel the tracking deviation at lew pitch, then record the mo-

ments by direct measurement on Y and by differential measurement
on B and R.

Increase the piteh by 2° at a time up to high pitch value corres—
ponding to the type of blades being balanced ; record moment and
tracking values at each step,

) ° Issue
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Determine the MO and TO difference between high pitch and low

pitch for each blade.
This difference will be called slope (AMO and ATO).

Corrections to be made

MO and ATO positive :

AMO and ATO negative

ding edge.

Procedure

edge.

On biades coming from the
welghts are contractually

static balancing stand, the dynamic

distributed

move the weights forward towards the lea-

move the weights back towards the trailing

FNT stud 3 weights 3324 11 1560.20 |
261.5 g
3 weights 332A 11 1561.20 J
~
RR stud 7 weights 3324 11 1560.20
542.5 g
3 weights 332A 11 1561.20
-~
TOTAL 805 g
Welghts effectiveness
70 g displacement = AMO variation = 5 mN
ATO variation = 3.5 um.
(see table, page 20).
4.3 ~ Tolerance limits
Mt at all * AMO ® ATE % INCIDENCE TAB CAMB. *
pitch values mN i DEVIATION {per unit)
AT + A
)Ll} 0-.‘) + 6 0!5 {8 1-5 + 20 + 60
- B 1

% Permissible overshoot in absolute value for 1 single pavameter from measu-
rement standpoint.

4.4 ~ Resolving the AMO and ATG compromise

As the AMO and ATO paraweters are associated with a same action

(welghts), 1t may be sometimes necessary to bring the AMG to a maximuonm

value so that the ATO will fall within tolevance limits,

Issue
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Resolving the TAB-WEIGHTS compromise : for conplylng with mowment toleran—
ce limits at all pitch values.

For example

The tolerance limits impose a AMO value of + 6 mN and of * 4§ wmN at all
pitch values.

This means that, for a AMO of + 6, it will bhe necessary to have a negati-
ve low pitch woment of at least - 2 mN in order to fall within tolerance
limits at high pitch.
LP = - 2 HP = + 4
Final acceptance readings and determination of Al value
4.6.1 ~ Once the previous operations have been performed, a minimum num-
ber of 2 readings will have to be made for estimating the quali-~
ties of the blade based on an average (increase the number of
readings in case of high variations),
Proceed as follows
+ Cancel the tracking at low pitch,
+ record the IO and TO for each pitch value,

« revert to low piteh and resume a new series of readings,

« having completed rhese readings, do not stop the roltor and pass
on to the Al determining step.

4.6.2 ~ Petermining the ATl value

Running at low pitch, cancel the tracking, rise in pitch several
times and check that the tracking remains at zero at low pitch.

4+6.3 ~ Stop the rotor
Read the AY value on the blue and red actuators.
If the AI value correct :

Determine the mean value 2 readings and apply sleeve corrections
(from values to be obtained).

Record following‘in the corresponding boxes of the test sheet
« Al value, #
« tab camber, #

» weights location,

« (LeEo = TWE) A (in vemarks box),
welght at L.E - weight at T.%

Issue
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. operating time (for balancing)
« number of starts.
1f the AL value is out of tolerance ! overshoot of less than four
minutes, pass—on to AMG@ — ATO - Al compromise
* N.B. - These values must also be entered on the blade equipment log card
(TFME).

Carry over the values of the accompanying blade onto the graph for
MO 1° — AMO ~ ATO. '

Inform the relevant engineer in case of excessive variations.

4.7 ~ Resolving the AMO, ATO and Al compromise (in event of Al out of tolerance
limits only).

If Al negative ———— camber tab downward
J1f AL positive — e camber tab upward.
Effectiveness

1° on tab = 2 minutes on AI value

Example (general)

AL = - 22' (therefore 2' out of tolerance for tolerance)
MO 1° = ©

MO 77 = 4+ 1.5

AME = 4+ 1.5 ATC = 0

1° tab camber downward on 1 segment

AL = - 20!

MO 1° = - 2

MO7® = - 0.5

MG = 4+ 1.5 ATO = O

In some iunstances, the MO value at a certain piltch will not allow any
compromise wia tab adjustment ; in this case, resume adjustment of the
weights (within tolerance limits) in the direction enabling tab trimming
to become effective.

TN
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This procedure can also be used when tab trimming only is not sufficient
for correciing the Al out~of-tolerance.

When these requirements are met, resume
the steps described in paragraph 4.6.

After these operations, the blade shall be considered as balanced.

The responsible shall check and sign the test sheet, and report the acti-
vities of the day on the daily sheet. )

Before removing the blade, the operator shall mark it with a stamp :
OK stand, or OT (out of tolerance).

Issue
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5 — BALANCING STAND PARAMETERS

Adapter Actuator |Rotor N| Pitch range Blade shank I
o | position RPM used (dial) at zero® on dial

87.05.330.11.0000 00 Pitch lever
+ yoke upper 250 j0.5-2.5-4.5-6.5 6°12

561 B 1000 hole

CNite

Issue
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6 - CHART

S AND TABLES

Typical adjustwent example

Mo s
mh
7% - + D oaTe=+3mm
124
10 4
g -
4] O ATE = ~3mm
§ . R e
2 .
, O aT8:z-3mm
I S
o M‘.— l 1 - uulb. 9‘
-2
T
-5
-8
-1 - ‘
Rotration Result analysis J
sequence esult analysis Action
1 0.5° MO deviates by more than 10 mN [ Camber tab downward to return
0.5 HO towards zero
2 AMO and ATO positive .Displacement of welghts towards
AMO out of tolerance leading edge
AMO and ATO correct Decrease of 0.5 MO by cambering
3 + 4 mN at all pltch values not tab downward
respected
Results correct
4 AMO + 6 ATO % 8 AL correct
MO + 4 at all pltch values

Remove blade for

finishing steps

aerospatials

Issue
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DISPLACEMENT OF DYNAMIC WEIGHTS
ON 332 BLADES

,’féﬂi? e
b
]
e 175,
+— 703

AMe
my

" N.B. BDasic dynamic value : 805 g *+ 32

Weight REf. No Weipght (grammes)

332A4.11.1560.20 70

332A.11.1561.20 17.5

Center stud reserved for static
balance adjustment ; do not
digplace the weights

.D/Sp/a'ce.menl' of 700 =5mN and 3.5mm .
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