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The blades adjusting on dynamic stand gives the possibility
to meet the flight qualities requirements while ensuring the

interchangeability, blade by blade, on aircraft,

In order to ensure a satisfactory adjustement, a properly
balanced rotor head should be used (lowest possible interactions

on measures)g

The rotor head balancing, without blades, will bé dealt with in

t. How T4 ba”'\m": mmmmmmm t be

art I. of thig documen Oowever, as an iancing canmnot o

be)
=

e

perfect, and as the master blades themselves show proper values,

it should be necessary to determine their influences on the results.

This will be dealt with in part II.

Part III will deal with the secondary blades calibration and with
how to determine the corrections which will have to be applied

during the series balancing.
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e Pitch angle (0 )

Sleeve rotation angle, around its axis.

L The adjustement is made throught the main pitch chain (written

M. P. further on) which gives to the three sleeves, in any position,
the same incidence.

Caracteristié'angle : 9 =0°_. chord of_the blade to be balanced,

tr \ at the level of the reference section, parallel to the ground.

Moment versus pitch axis (M 9 )

Moment measured through the dynamometric rod.

M 0 positive —= rod in tension(increasing pitching moment)

Moments departure { M 0 0°): Moment MO for 0 = 0° M.P

o Moments slope ( A M 0 ) : difference between M 0 10° and
o a— MO 0°

| ‘M 0 10° = M 0 for © = 10° M.P.

M O 0° = M O for 0 = 0° M.P,
l It is always referred to a pitch variation A © = 10°

Direct Measures

Measurement of the magnitude in absolute value.

Differential measures

Difference between direct measures on the given sleeve (red or

blue) and the yellow sleeve, taken as reference.
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SECTION ONE
BATAHCING OF ROTOR HEAD

TMPORTANT NOTE_

411 checks relating to the horizontality of the levers and all angle
measurements taken at rest must be effected in the following coanfiguration
dynamometric rod of the spindle-sleeve assembly on which the measurement
is taken should be vertical to the LE cyclic pitch actuator.

SYIMBOLS USED AND DEFIHITIONS

Coning angle :
Angle of the sleeve axis measured in a vertical plane (it
corresponds to the up and down motion of the sleeve),

Coning = 0° _. sleeve axis parallel to the ground.
. g

Drag angle :

Angle of the sleeve axis measured in a plane perpendicular to
the above (it is bound to the retraction of the damper).

Drag angle = 02, sleeve axis in a vertical plane incorporating
the rotor-axis,

Pitch angle (@)

Angle of rotation of the sleeve about its axis. It 1s adjusted
through the collective pitch chamnel (gbbreviated in the text
to "coll"”)  wich gives the seme angle of incidence to the
three sleeves in eny position.

Typilcal angle : ’

8 = 0%.chord of the blade to be balanced parallel to the ground
ot the reference section.
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Foment with respect to pitch axis (M 8)

Moment measured by means of the dynamometric rod

I O positive_,pitch change link under tension (nose-~up moment)

it

Start of moments (M e(fg : moment I 8 when 9 0° coll

Slope of moments (A M 6) : difference between M

=

6 . ,oand i 8

OO

Il
il

M 4
2 810° Mg ror 6= 10° coll

15 5 o°

]

M 9 for @

il

10° Coll
It 1s always plotted for a pitch variation of A 8 = 10°

Direct measurement

Measurement taken as an absolute value.

Differential measurements

Difference between the dirvect measurements on the sleeve in guestion
{red or blue) and the yellow sleeve taken as a reference. ’
HOTES

Marking of sleeves

The three sleeves and neasurement linkages are coloured

Yellow : for the reference sleeve
Red and bilue : Tor the other two sleeves

Units vsed for measuring the moments ¥ ©

A1l tolerances are given in "units of moments”

1 wnit = 1 dinch-pound = 0. 113 meter-ewtoen

ospatiale SoTions
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REMARKS
Identification of the slecves
2 The three sleeves, as well as their measurcs chains, are -
. , .
identified by means of colours : 5
N . Yellow : for the reference sleeve P
Red and blue : for the other two sleeves 3
Units used for the moments M O measures : ‘ N
All tolerances are given in '' Moments - Units " i“
. |
. L unit : 1 inch-pound = 0.113 meter-N,
tl‘ ‘ 14 J‘
¥ ;
BALANCES FREQUENCY [
A’ - Complete balance - (Phases I - I - III and IV, described here '
! ‘ under)
| gt
For a new head t
l For a recently overhauled head : ‘ ’
] B/ - Combined checks - (Phase IV)
: Every month , ‘
} Or after a part has been changed g
—, -, Or if discrepancies appear in the measures
® t
1
METHOD OF OPERATION . . ‘1*
jl The equipped rotor head must be installed on the test bench,

At this stage, only the following items are not yet mounted :

. All the counterwecigits (Torque, coning and cenfriﬁ;gél)

The linear actuators ;

The equipped dynamometric rods

| S—" S

The adapters (possibly)

The rotor head balancing is divided in four phases, which are :
g P ’
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PHASE I - CHECKS OF THE CYCLIC AND MAIN PITCH CHAINS -

2
' CELLS MOUNTING AND CALIBRATION -
1.1, - CYCLIC PITCH MAIN CHECK - .
Aim :
Checking the coherence between the indicated cyclic pitch
(dial) and the real cyclic pitch - (measured on sleeve).
Operations to be periormed :

Put the dynamomet&riq rods to lenght : center - to - center

distance : 612,8 mm ( 24.1/81in ) (use the assembly planned

for this purpose), and position the .counterweights at the

‘dimension indicated on plans n® 87.05,330.11,0000.00,

drawing 87 or 103 ( BALDWIN Cells) or drawing n° 108

(SEDEME Cells). '

Note : The mounting of the cell will have to enable a change
of its orientation of ¥ 1 revolution (see adjustment
page 14 )

. Put the linear actuator electrically to length : center - to -
center distance : 254 mm (10 in) (use the planned assembly).

Mount the dynamometric rods and the actuators on the bench.

. Set the main pitch to about 0° (more accurate adjustment

performed in parag. 1.2).

. Perform the cyclic pitch adjustment to ' 0 "' lengthwise and
sidewise , as indicated hereunder :

With a protractor, take the yellow flange and yellow sleeve

incidences (see diagramm) in the four following positions :

yvellow dynamometric rod in front of :
. 1°/ - the left cyclic jack
2°/ - the front cyclic jack
e Editions
dJerospatiale ;[
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3 - the right cyclic jack

4° - the stationary scissors (rear)

8 ._
) For cach position, calculate the difference between the “.';
yellow sleeve incidence and the yvellow flange incidence,
and actuate the cyclic pitch controls until the four values,
thus obtained, arc cqual among themselves within 10°.
Then set the two cyclic aials on ' 0 o
Left cvclic jack
/
i
P
‘,/
RN
ke
At .-
\2»',.
/ Protractor
l -
RN
\".
\ Yellow flange
_Yellow slceve '
. Support plate
Measurces of the sleceve anit flinge incidences
231 E Editions
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REMARK -

Operations to perform in case of replacement of a cyclic

pitch chain componcnt :

After having set the cyclic pitch to 0° lengthwise and sidewise,
check the coherence between the indicated cyclic pitch (dials)
and the real cyclic pitch (on yellow sleeve).

For that, put successively the yellow rod in front of :

.1°/ - the left cyclic jack, and display © 1° 30" (sidewise only).
Take the corresponding sleeve incidence variations
(maximum tolerated gap between dial and measure :

+ 15,

2°/ - the front cyclic jack, and display = 1°30" (lengthwise
only). Take the corresponding sleeve incidence variation
(Maximum tolerated gap between dial and measure :

+ 18').

MAIN PITCH CHAIN CHECK -

Aim

Checking the coherence between the indicated main pitch
(dial) and the real main pitch (measured on sleeves with

protractor ) and the linearity of the corre sponding law.

Operations to perform

Use the same configuration as before (dynamometric rod

and actuators adjusted and placed).
. If necessary, put the cyclic pitch backto ' 0 ', with a

protractor.

Mount the small damper stops (drag 1°), taking good care

to bring back the damper into contact with these stops.

aerospatiale
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Check successively on each sleeve (the rod being in

front of the left cyclic jack) the coning angles without

,.,.,h..\w.,,,
AT

\ 2 spacers, with the small spacers (coning angle 0° ) and
with the big spacers (coning angle 5°).
k The small and big spacers are adjustable.

i Adjust them so as to obtain the following at the same time :

o

1°/ - the.nominal value (0° and 5°) to + 5

2°/ - a maximum gap, between the three sleeves, not

exceeding 5' in each configuration.

(without spacers, 15' will be tolerated).

o . . q
' . These adjustments being done, mount the small spacers

= ' (coning angle = 0°).

Set the yellow sleeve incidence on 4° 12' (with protractor) —

- and set the main pitch dial on 0°.

Display the main pitch (dial) degree by degree from 0° to’
10° and, with a protractor,take the values of the corres-
ponding sleeve angles (on red and blue sleeves, check only l

for 0° and 10° M. P.). . _

! 6 22,2 mm

“o
. [ 9 31,8 mm

Small damper stop

Big damper stop

édi?iaﬁs
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330 - Pitch angle

330 - Coning angle

Damper stops

Spacers

Page
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Conditions to be carricd out :

The sleceve measures ore made at the adapters level.

2 Tolérances on the origin angle : the three sleeve incidences R
' must be equal to 47 12’ to + 10' for 0° displayed on the | :
b main pitch dial. '
N Tolerances over the operating pitch range. For Ao =10°
(dial), there must be A 8 = 10° (sleeve) to + 10°.
Tolerances on the linearity : maximum deviation versus
theoritical sleeve value : + 10' at all pitches.
R (theoritical sleeve value = 4° 12' - 5° 12" - 6° 12", ... .. -
{00 o
v _i4° 12'for O dial= 0°, 1°, 2° ...... 10°).
If these conditions are not met :
AExchange the rods to see if the defect comes from a faulty ,
putting to length of the dynamometric rods ; if not proceed l
i to more thorough checks about the putting to length of the . E
“M”W“ i actuators and the setting of the torque tube (hinges correctly
SRR mounted and correctly centered). , I3
\':j 1.3, - CELLS ADJUSTMENT AND CALIBRATION - o i

Aim :

1°/ - Having the three A Mg rating (between

[EEAE
[N

N=280r.p.m and N=5r.p.m)equal to+ 5 units.

e sl

2°/ - Having, for each cell, . equal M 0 to + 5 units,

for N = 280 r.p.m and N=5r.p.m.

Measures :

Perform the adjustments directly. Check, finally, (tolerancesi:

t

directly and differentially. - B

g Fditions
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Joint operations to both adjustments

Remove the actuators and safety the sleeves in rotation.

Sleeve safetying

Connect the cells with their recorders.

‘ Disconnect the dynamometric rods at the level of their

°

lower clevis.

Adjust the " 0 ' directly and. differentially on the three

[

recorders.

Calibrate the ceils and the recorders according to
document GIR. 3675 on balancing.

Re-connect the rods.
Display 1/2° of " front ' cyclic pitch (dial).
Adjust the torque tubes parallel to the ground (with 2

adjust the yellow one and check the red and

“

Lot Lops oA
L IGHTOA JACE

.'pr otr a.chr, -

blue ones - tolerances : * 5').

(/" Lo BEGn ﬂ—-f--(;' S CHM‘JQI)
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First adjustment : A M8 rating adjustment

Between 250 -.p.m and N=57r.p.m,

. Position, a priori, the cells identification plates, as

indicated in the following diagrams :

Name plate parallel to Name plate to cell radius

sleeve axis ! Rotor axis /

_Rotor axis

Stand equipped with BALDWIN cells Stand equipped with SEDEME cells

i
i
|
A

H
1

. At N=5r.p.m., establish the rotating " O " by adjusting
the pens to "' 0 ', directly and differentially. (The signal

which is obtained is a sinusoid). We thus obtain the origiAn

for the measures of M 0

. At N =0, disconnect the dynamometric rods at their
lower clevis and leave a sign on the diagram. It is the

static '' 0 " which enable to follow the cells - drifts.

Reconnect the push-rods.

. At N =280 zr.p.m., recordthe M 0.

NOTE :

Tor the BALDWIXN-CELLS push-rods, it is neccssary to
come back to the right lenght (see parag. L. 1. ) after each

modification of position.

i
L--Tf'.

H

{

H

- “m"{t? ey
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~{S0 401 _50 0 50 400 50 220 7

|

Static zerd

Runnin directio
ma n g n

R. P. M,
ating zero
irect

pes

|

Model of Rotating " 0 ' (N = 5 R.P. M. ) and static "' 0 " recording

Conditicns to be carried out :

The three /A M 0 rate between N =280 r. p.m, and

N =5r.p.m. must be equal , to + 5 units. .

—

Modify the position of one or two cells from 45° to 45°
so that the 4 MO rate concentrates on a joint value,
to + 5 units (do the measures again, each time , for

Mo at N=5r.p.m. -and at N = 280 r.p.m.).

Second adjustment : M € adjustments in absolute value -

When the A M 0 are satisfactory, use the corresponding

results as an adjustment basis for the next operation.

Conditions to be carried out : |

For each sleeve, the MO at N =280 r.p, m. and

N =5r.p.m., must be equal , to + 5 units,

Actuate the main pitch control until the above-mentionned
condition is met.

Note the corresponding pitch value.

aerospatiale
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PIIASE IT - TORQUE COUNTERWEIGHTS POSITIONNING AND ADJUSTING

& Alm
1
Amnulling any influence from the equipped torque tubes on the
measures, i.d.
\ 1°/ - Having A MO0 =0, to + 5 units, for A0 = 10° M. P (dial).
2°/ - Having M 9ge=0, to * 5units, for 0 = 0° M.P (dial).
Measures :
Perform the adjustments directly. Check, finally, (tolerances)
directly and differentially.
Joint operations to Loth adjustments :
. Keep the above-noted main pitch value.
. ‘Display 1/2° of " front ' cyclic pitch.
. Mount the counterweights supports on the three torque tubes, and
before fastenning the jumpers, set them to the vertical with a
protractor, '
. Mount the torque counterwecights. Set them, a priori, at 85 mm
(3.35 in) from the support basis, and lock them by means of u
locknut.
Setting- of the counterweight support
. ° éd“ioag <7
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First adjustment : A\ M 0 slope adjustment for A¢ = 19° M. P,

ﬂd]’.al}°

Do the rotating " 0 " at N = 5 r.p.Mm., set them to ' 0 ¥ directly

and differentially, and do the static ' 0 " (do not rectify them),

I3e careful : First, adjust completely the yellow sleeve (slope
and departure), then adjust simultaneously the red and blue .
sleeves, taking the yvellow as a reference. At N = 230 r.p.m.,

record the MO on the yellow one, for @ = 0° M. P. and
0 =10° M. 2, (dial).

Calculate : A N 0 = Mg 10° - M g 0°

Conditions to be carried out :

- With a 4.760 kg counterweight (stand equipped with SEDEME

cells) : 1 revolution __o . _about 7 units.

- With a 8.800 kg counterweight (stand equipped with
BALDWIN cells) : 1 revolution __. about 12 wunits.

Counterweight Ref, 1.60,07 (weight 4. 760kg)

I Révolution = ~U -7 units

Ref. 1.60.06 (weight: 8,800 kg)

I Revolution o~ - 12 units

Support ref. lJ)0,0l.}

A MO slope adjustment (for 4O 0= 10° M.P.)

aerospatiale e o crn va E
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Second adjustment : M9 0°

departure adjustment for 9

OD

M. P, (dial) -.

b

asis.

Conditions to be carried out :

If M0 0°

is positive, incline the support towards

mometric rod :

- With the 4. 760 kg counterweight (SEDEME cells) :

107

—e

about 7 units,

Mo 0° =0 to + 5 units (for 0

= Q°

M. P)

For this operation, use the latest value obtained before, as a

1

the dyna-

- With the 8.800 kg counterweight (BALDWIN cells) :

10!

—

about 12 units.

Counterweight

Ref.

10 == -7 units

1.60.0

6

Ref. 1.60.07 (SEDEME)

(BALDWIN)

10% ) - 12 units‘

Dynamometric rod axis

M O 0° Moments departure adjustment (for 0

=Q°

M.P.)

The yellow sleeve being proper

ly adjusted, usec the same method

the measures, differentially and directly).

to adjust the red and blue sleeves (adjust them simultaneously:

with regard to the yeﬂllow one, and apply the same tolerances on

aerospatiale
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PHASE III - AC TUATORS AND ADAPTORS MOUZ\‘TING -

CENTRIFUGAL AND

CONING COUMTERWEIGIHTS POSITIONNT:

AND ADJUSTING -

Remove the lackwires and mount the actua tors, which have

been put to length. ( Center-to-center distance - 254 mm (10 iy
Mount the adaptors that correspond to the type of blade to be
balanced. )

HIL L. - coNINg COUNTERWEIGHTS POSITIONNING AND ADJUSTI>

Aim
221

Having MO = 0, to + 5 units and without coning angle,

Measures -
edsurcs.

Perform the adjustment directly, Lheck, finally, (tolerances)

directly and differ entlally’

Operations to be performed :

Display 172° " frong cyclic pitéh, and @ =0°M,pP.
Mount the small damper stops (drag 1°).
. Mount the small spacers (coning angle 0°),

. Perform the rotating " 0 " at N = 5 . p.m.

Adjust them directly and differentially. Perform the static

"0 " (do not rectify them),

Mount the coning welghts in the center of their supports,

(See to it that they are mounted symetrically with re spect

to the support horizontal axis),

aerospatigle — e T om st |y, 0




. Adjust the yellow coning weight supporting arm parallel

to the ground (with a protractor) by actuating the main

pitch control. o
» C3
I At N = 235 r.p.m., record the M 0 on the three
sleeves.,
Leveling of the coning weight support
Replace tiue small spacers (coning angle = 0° ) by the big
ones (coning angle = 57) and put the yellow supporting arm,
back to a parallel position with respect to the ground.
At N = 255 r.p.m.; record the Mg on the three sleeves. ’
Calculate : A M@ . =M 0 - MO
coning angle (c.2a=5°) (c.a=0%) ;
Conditions_to be carried out :
For each sleeve. AM o . . = 0, to + 5 units
coning angle -
(directly and differentially). -
Adjustment procedure !
If AMO coning angle is p@siti{reB bring the coning weight |
: i
closer to the pitch axis, following the support horizontal
axis. |
Average efiiciency : a displacement of l mm _s about
0.7 units
° Editions
aerospaticie | ] | | yo GIR. 3541 age 20
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REMARK :
Do the tests again until the above - mentionned condition
» is met, takiag good case to put back the yellow coning
i weight supporting arm parallel to the ground (with a protrac
BRI tor) after each change of coning angle.
‘ Counterweight SLGNB 1071-2A
Ref, (1.61.03)
. Weight = 1, 100 kg
i
£ :
i AZ =1mm_s~y_0,7unit
L
o= Coning angle influence adjustment
= III.2. - CENTRIFUGAL COUNTERWEIGHTS POSITIONNING AND
ADJUSTING -
o ) Aim -
- Annulling on the measures, any in_ﬂuenée frorm the equipped
1 sleeves.
e _\ That is to say :
C 1°/ - Achieving M Q =0, to + units, for both th‘é.departure
E 7 ' M Q and the rate influence (at @ = 0° M.P. and
N =205, 255 and 280 r,p.m.).
2°/ - Achicving AM 0 =0, to + 5 dnits, for AO - 10° M. P
l{ (dial). e
- R
{ ‘\‘\L .
o | )
; ) i ,:; .
i
. Editions ,
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Measures

Perform the adjustments directly. Check, finally (tolerances),j'

directly and differentially.

Joint operations to both adjustments

Display 1/2° " front ' cyclic pitch.
Mount the small spacers (coning angle = 0°).

. Keep the small damper stops (drag = 1°)°

. Mount the upper and lower centrifugal counterweights on

the three sleeves at the points : X = 40 mm and Y = 50mm -

(see diagram:}.

Adjust the rotating " 0 " (N =5r.p.m., 0 =0°) and note

~the static '" 0 ',

Paralliels

Y= soxo2

X 40%02

Parallels

Centrifucal counterweights mounting

o
>

Jerospatiale
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First adjustment : £\ MO slopes adjustment , for A 0 = 10°

M, P, jdialz -

RBe careful :

Fi:fstv adjust completely the yellow sleeve in X and Y.
Then adjust simultaneously the blue and red sleeves,

taking the yellew one as 2 reference:

At N = 255r.p.m., record-, on the vellow sleeve,

M 0 for 0= 0° M.P. and 0 = 10° M.P(aial).

Calculate A M g = MO - M 9

10° 0°

AMo = 0, to + 5 units. e
Adjustment. E@.ogs,i%zg 7
¥ AMo is posu’i’veg bring the centrifugal coun‘terwez,ght

closer to the sleeve axis, followmg Y.
i .

N

;P:EM;_Q;&L . 7/

Check that upper Y "=/lower Y to + 0.2 mm, and:

a,nd the support side.

Average eff1§:1emy ¢ 2 shift along ¥ = 1 mm Y. about

Parallels , L e
3,3 units on A M 6

> | Counterweight SLGNB 1071-34A

) Ref. (1:61.02) . Weight = 2, 945 g

@ ) : i

gﬁ AY =1lmm _y Ay = 3,3 units on A MO

Upper Y = Lower Y + 0.2
AMO  Morments slope adjustment
Parallels l .
e éCIl?
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Second adjustment @ Moment departures and rate influence ' -

adjustment -

., At N =205 r.p. M., and 0 = 0° M.P. (dial) x

ses

M 0
) record M (205 r.p.m.)
At N =255 . p. 0. and 0 = 0° M.F. (dial)x,

; ‘ d M @
recos (255r.p.m.)

. At N=280r.p.m. and O = 0°M.P. . (dial),

record M 0
(280 r.p.m.)

=0, to + 5 units

°f - o = M0 ' - M
27/ - aM rate . (280r.p.m.) -

= 0, to :_l-_v 5 units

M
© (255 r.p.m. } rate

*are adjusted slmultan@ougly by a,stuatxng the centrlfuga.l

counterweights (shift 1n X dlfé@tl@ng clockwise or coun‘ter

i clockwise).

;]

REMARK : Check that upper X = lower X to I 0.2 ‘min
and maintain the value of ¥ corresponding to’

the previous adjustment, 23 well as the

parallelism between the counterweight edge

and its support edge.

aerospatiale | f‘“‘ :;" IR 354 (s
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o Average efficiency :
- A shift 2along X = lmm _, about 9 units
:3 & Upper X
55?:3 ) '
,ﬁ.e \ ’ ' m_%
o 1=

4 ig ’ Counterweight SLGNB 1071 -3A
kel Ref, (1.61.02)

4
!

Weight = 2, 945 kg

AX=1mm — ~s =9 units

Upper X = Lower X + 0.2

’:X Lower
— JEme——

mseanas.

M @ 0° Momentis departure adjustment

. The yellow sleeve being carefully adjusted, act in the

_ _same way to adjust the blue and red onss (adjust them’
simxﬂtaheougly with respect to the yellow one, and apply

the same tolerances on the direct and differential measures

fupee it
9y ’5:-)%\:;&;.&}: I5 g,

Coapeq
A
PR

3 h‘i".)‘v i 5
ST

édifisns o SRR

aerospatiale | T ] Ne GLR. 3544 Page 25




‘/'

PHASE TV -

COMBINED CHECKS -

IS

Aim

To check the rotor head balancing without bladess_

Measures :

Meet the direct and differential tolerances fer all the following

operations,

Operations to be performed for the low-pitch combined test :

Display 1/2° ' Front ' cyclic pitch (dial).

Mount the small spacers (coning angle = 0°) and the small sto’?s !

(drag = 1°). - o -

Display 0 -f;b"ﬁ,mo P. (dial).

>J . N

. Do the fotatlngf g O '" and note the static O "At N =255 r :

record the M@ for the three sleeves Note again the statz,c

value before and after rotation test.:

R
Al e

. Perform these operations three times and average the results *-,g

for each sleeve.

Operations to be performed for the high pitch combined test :

Display'1/2° " Front ' cyclic pitch (dml)

Mount the big spacers (coning angle = 5°) and the big stops
(drag : 6°). -
Display 0 = 10° M.P. (dial).

aerosog

¥

°
i
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Lo

g
vf)l

R

Note the static " 0 'l
3

At N =255 ¢ p.m., record the MO0 for the three sleeves.

‘Note again the static "' 0 ", then put them back to the previous

values, directly and differentially.

Bring the M O to the half value between static "' 0 ' before and

after rotation test.

Perform these operations three timnes, and average the results

for each sleeve.

Calculate the average slopes for each sleeve :

MO gge - M8 e

Check directly and dlffarenmauy that :

1"/ - The three sleeves average slopes are equal, within lO uméé

2

Mo (averdge value) are null ;to 5 Lmif?}

2°/ - The departures

Check successively the coring, drag, and pitch influences,

until the combined tests are satisfactory.

REMARK :

1f the combined tests entail no rectiﬁiéation in situ, perform

directly the pitch influence check (page 29 )
?5 § % Editions N‘a
aerospdariaie ! ] ] e GIR. 3543 IPage 2]
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- Display 1/2 ° ! front ' cyclic pitch (dial).
- Mount the smazll spacers (coning angle = 0°), and the

! small stops (drag = 1°). Put the yellow coning weight supportin

arm parallel to the ground (with a protractor).
i = 255 r.p.m., recor M 0 .
At N > T.p.M., Teco d the (coning angle 0°)

for the three sleeves.

- Replace the small spacers (coning angle = 0°) by the big ones

coning angle = 5°) and put the ellow coning weight su or -
g ang A P Y g g PP

ting arm parallel again to the ground.

At N = 255 r.p.m. , record the M0

(coning angle = 5°)

for the three sleeves.

Conditions to be carried out
-For each sleeve :
AMo , ) = Mo - Mo
| (coning angle) (c.a =5°) (c.a =
’Il = 0, to + 5 units, ) [ :
' £

-Actuate the coning counterweights (see parag. III. 1, page 19 )

Check of the drag angle influence -

After hax}ing checked and, if necessary rectified, the coning :
counterweights, if the combined tests are not satisfactory, proced

to the checking of the drag angle.influence, as follows :

Put 1/2° " Front " cyclic pitch (dial),

Editions
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Mount the small spacers (coning angle = 0°) and the small

B stops (drag = 1°).

L\.' < . Put the yellow coning weight supporting arm parallel to the

ground (with a protractcr),

::»?T% . At N = 255 r.P,zﬁe, record the MO for the three sleeves,

. ' . Replace the small stops (drag = 1°) by the big ones (drag = 6g).

and put again the yellow supporting arm parallel to the ground.

At N =255 r.p.m., record the M 0 bfor the three sleeves.

Conditions to be carriec out :

For each sleeve :

LS

0 = - 0 -
e » o M (drag) to (drag 6°) M (drag 197)

. Adjustment procedure :

Check the syiimetry of the lower and upper counterweights

along X and Y. SR
e | o
e Correct them and do the combined tests again.
-~ g Check of the pitch influence :

All prévious checks being performed, proceed to the pitch

influence adjustment.

For this :

1°/ - Display 1/2° ' Front ' cyclic pitch (dial).

- Mount the small spacers (coning angle = 0°) and the small
stops (drag = 1°).

- At N =255 r.p.m., recordthe M 0 ,for each sleeve, ~

for 0 wvarying from - 2°to 10° M,P, (dial), degree

. by degree.

édificﬁs
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Conditions to be carried out :
1°/ - For the three sleeves : =

A MO = MO - MO =

10° 0°

0, to + 5 units

2°/ - The MO moments curves must show a reasonable break

(maxiraum break : 20 units with respect to the straight

line joining the M 0 wvalues for 0 =0° and = 10° M. £

1 e/
1°/

/- To correct the A M ¢ slopes, actuate the lower and

upper centrifugal counterweights along Y (see parag. i.t, 2

page 21 ) and do the combined tests again,

»

2°/ - If the linearity gap is out of tolerance, check the pitch
control chain hinges and bearings.
/ |
1
;j?:
1
f_g_
L
° Editions _ L :'.“_ ‘;
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PART 2

XA

DETERMINATION OF THE SLEEVES AND PRIMARY

MASTER BLADES PROPER VALUES3

~0=-0-0=0-=

WARNING

Set the cyclic pitch as a function of the wind (see Notice GIR. 3675
before performing any measure with primary, secondary or

gseries blades.

S et e e ==

- DEFINITIONS -

»Tra;:ldng of a blade

Passage height of this blade, measured differentially with
respect to the reference blade (blade mounted on the yellow

sleeve).

Positive tracking — = blade considered as being situated above

the reference blade,

Tracking slope of a blade

Loy

Difference between tracking value for § = 7° and

tracking value for 0 = 1°,

aerospaiicle ' e GIR. 3524 a3
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Operation which consists in ensuring an accurate correspondence

Pre-tracking number of a blade

Value of the incidence correction to apply to a blade by a
modification of the length of its pitch rod (actuator on stand).
The object of the correction is to ensure an equal lift to all |

blades. .

Positive pre-tracking number — .. increase of the nominal

incidence in the nose up direction.

Pre-tracking zero of 4 rotor head

between the pre-tracking number of the blades and the zerao
tracking at a given pitch, and this, irrespective of the chosen

sleeve-blade pairing.

. . to adjust the secondary master blades.

Primary master blades

and degign department.’

T}.;:Eey rnust bs used only :

. to perform the ' pre-tracking zero ' of the rotor head.

. to determine the sleeves proper values (it is during this

operation, in fact, that their proper'values are determined).

Secondary master blades

Blades selected according to criteria determined by the Enginee- i

:ring and design department. They are used as a reference to i
. !
perform the series blades balance. !

aerospatiale [ — \o GIR. 3544
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II. -

I, -

Units used

The M 0 moments measures results are expressed in ' Moment

units ¥,
1 " moment unit " = 1 in..1b 22 0.113 meter - Newton.

The measures results of tracking T are expressed in " Tracking

units ',

I " Tracking unit = in =~ 1,6 mm

TESTS CONDITIONS - CHECKS AND ADJUSTMENTS FREQUENC

See Notice GIR. 3675.
Static zeroes. '

Now, the rotor head is balanced and it is necessary to do the

rotating zero at 255 r.p.m.

PROCESS -

The unequipped rotor head being set {(see Part I ), it is then

proceeded to the accomplishment of the head pre-tracking ' zero

and to the dat@afmination of the sleeves values with primary magté
blades as follows : *
I1I. 1. - Execution of the rotor head " pre-tracking zero ' - e

Aim

To cancel any interference of the sleeves on the blades pre-

tracking results, by permutating three nrimary master blades

Measures (tracking only)

Performed differentially with respect to the z:;ference sleeve

(vellow).

gerospatiale —
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.Operations to be performed

[

(see drawing hereafter)

Mount the three primary blades 3 P1, P2 and P3 on the

three sleeves : Y, B and R.

Display electrically the pre-tracking number of each

blade on the corresponding actuator.
. At N = 255
the Eratking of the blades which are mounted on the blue

and red sleeves.

Reset electrically these trackings to O " by operating

the actuators B and R. (E‘iceptlonally the Y one if the .

1nd1catlon5 correspondlng to the tracklng of sleeves B an’

R are absolutely identical)c

. At N = O,; record 'the 1ndlcat10ns of the actuators meter‘s

r.p.m and 0 = 1° ,measure | |

AR US a.ctuator)

Do again 2ll these operatibns while permutating the blade

according to the drawing given after , and at the end ch%

that the tracking deviation does not’ exceed 0+ 2 um.,ts wh-

gverything is back to the original configuration.

imhber nf the Correﬁoondlnq bladeg w1thou‘t mode‘y’1nq the *;

-

TR

3
S

XS

P}

aerospatiale
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i e Example of permutations

HA A

roo

® st - n rd
1 tenst 2 dtest S 3 test
! —_—

: - P3 P2

£ ¢ ‘

(g . 3
Pl
Y 1
\1}\7\

Cegtho

t
Talkrance : (5 b

Maximum trackiﬁg
deviation : 2 units.’

If the tolerances are not carried out :

First of all do again all these operations and carefully -
digsplay the exact pre-tracking numbers, ’ ’

. If the results are still not satisfactory, check the rotor

head (excessi‘ve hinges play, brinell hardness in the A

bearings...... ), as well as the blades (refer to notice

GIR. 3675 as regards the check of the blades pre-tracking .

numbers),

LF -
Ll 5 oo
; (‘._'.4.9..4 “ e

|

1

— ‘\L—-—l’ L

] | [ Ne GIR. 3544
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ITI. 2. - Determination of sleeves and primary masters proper valypa=gz’

Aim ¢

: ' - Knowledge about the proper values of the sleeves and the

master blades enables to follow up the evolution of these
‘components with time, and to reveal possible degradations,
Knowledge about the proper values of the primary masters

18 necessary to determine the'corrections to apply in series, .

Measures : e

! : 'Nw-
The moments measures_should be performed :

e . directly : for the assembly : Y sleeve + the blade mounter

on this sle eve,

. dlfferentlally only : for the assemblies : R éi;‘B sleeves *

blades mounted on these sleeves

Mognt the threﬁ p;‘lma.,;y masters Pl P2 aﬁci_PB'
sleeves Y B, R.

N

;/-«-»«-~ o D15p1ay electrlcally the pr&- tracklng index oi each

blade by means of the corresPQndmg actuator

oy

.AtN= 255 .  r.p.m and 0 =
- record : the moments : M @ and the tracl\zng
. Perform successwely thfee series of measures,

then calculate the mean value for each 0 value.

Editions
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-

REMARK

If among the three measures performed on B and R,
one of them deviated of more than 10 units in morﬁents
at 0 = 1° and of more than 15 units on the moment
slopes, do agai.n an additional fe st and consic:‘ier as not
valid the test the re s‘ults of which deviate most from

the three others.

. At N = 0 perform the static " 0 ' after test and
r‘ecord them,
Correct each average vaiue found previously by the
half drift of the static " 0 ", This correction applies
on_l'y’ to the values of M 9 measures for 0 =1°, ‘3"‘9

5°, 7°, and in no case to the tmoments slopes

' ca}.culated at each test.

'?'*»'-"'.;. ST . ‘. . H Ve

:Bi 52, Bs'and R1, RZ 'R3, defmed in the table
Page ‘A38 4, ws.ll be t;hus obtalned
Bl. correspondxng to blade Pl on sleeve B

- RZ2 cor respondmg to blade PZ on sleeve R, etcﬁ T

i@ems;@@ﬁ@?@

st ad rd
177 test 27 test 379 test
£
oo
ééi?ions
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- b .
1}@ v II1. 2.2, - Calculations of the proper values - =2
e The results of the three series of tests can be
. summed up as follows :
v - -
\ !
\ On sleeve B On sleeve R -
1% test | B2=(B-v)+ (P2 - Pl) | R3=(R-7Y)+ (P35 - Pl
2™ test | B3 - (B-Y)+(P3-P2) "|RI=(R-7Y)+(PI._ P2)
o 3% st | B = (B-¥)+(P1-P3) |R2=(R-Y)+(Pz- p3
O ' w3
~ i .
B, ¥, R and Pl, P2, P3 represent here the part, in =
moment or in tracking, due to respectively, the sleevesgj?
alone and the blades alone, - : -
l 1/ - Calculation of the sleeves proper values : (differentiallv-).‘
o (B-Y) and (R-7Y) - ' |
For each 0 vaolu.e and for each sleeve, calculate the
s average value of the results from the stay of the three =
Q—\‘ blades on this sleeve. We shall thus obtain :
ot , o
Bl + B2 +
(B-v) = B3
3
Rl + R2 + R3
(R - Y) = 3 - .
Use the tables n° 1 and 2, pages 57 and 58,
™~
Lo : E
. o ' édi?ions . ’ S
: @@?@%@@?E@§% [ I [ [ N® QIR 3544 Page 38

AN ART AR Lo 7 |




~ \ 2/ - Calculation of the Al - A2 - A3 primary blades proper
,?“/ :
i values -
= 8 -
A ] What is called the proper value of a primary blade is
: moment or tracking deviation which this blade shows
“ with respect to the average value of the three blades :
that is : '
Pl + P2 + P3
P Al =Pl 3
: +
4 A2 = P2 L Pl + P2 P3
3
; .
+
S A3 -p3 . PL*+ P2+ P3
7 : 3
e
e
< For each 0 wvalue, calculate :
- the sum of the average values of the results from the
considered blade stays on sleeves B and "R ; that is P
. For blade P1, calculate Bl + RI
i . For blade P2, calculate B2 + R2
L . For blade P3, calculate B3 + R3
- the sum of the sleeves values , that is
K= (B-Y) + (R-Y)
- the difierence between these two operations, and divide
it by three ; that is :
: ,Blade'plgAl_éW:m@P1+§.Z+P3
- B2 + R2 - K 1+ P2 + P3
i °BladePZ:AZ:,“—“=‘=§‘f-i=—====**;ES’*:‘PZmP 3 -
1 . + - 1 4+ P2 + P3
LNy . Blade P3: A3 = wzmap 3
—
o
‘ "__, ° Editions
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Remark concerning the tracking

Shift the results obtained for (B - Y) and (R - Y) and for

Al, A2, A3, of a constant, so as to attain 0 at 0 = 1o,

IV, -- DATA ANALYSIS - - -

- Sleeves proper values. Note on a graph the values of each

red and blue sleesve for :

M O moment at 1°
M @ slope |

T tracking slope

Only the tracking slope is dependent upon a limitation :
warning level 4,5 units ; use limit :7, 5 units (refer to ¥ repair

sheet '" in notice : GIR. 3675).

- Blades prooer values Note on a graph the Al, A2, A3 values

for the same parameters as above, in order to monitor the
R .
masters constancy. It is normal to observe a certain oscilla

3

of the values ; an important drift of only one blade is a sigﬁ of

a probable deterioration.

balance, and as for the licenced or approved workshops, get‘ :

- in touch with Aerospatiale.

EZNNES

- Definition of the average primary master blade .

It is necessary to kﬁow this Blade for the calibration of the
secondary one (next paragraph). The selected crite%ion is the
tracking -slopea Consequently, theimaster blade having the

tracking slope the nearest to 0'is defined as avérage primary
master blade. The parameter which comes in second position

is the moment slope.

g

édi?ions
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PART 3

CALIBRATION OF THE SECONDARY MASTER BLADES

;, DETERMINATION OF THE SLEEVES CORRECTIONS

Same cyclic conditions as in Part Il

-0-0-0-0-

I. - DEFINITIONS -

Series correction °

Value to be added algebrafcally to the results obtained on a given A
sleeve in order to eliminate the influence of this latter sleeve as
well as the influence of the secondary master blade taken as

reference,

i)
i

"Value to be attained :

Value correspohding to the serids correction, with changed sign 3
and to which one can refer during the balance to evaluate the

Tesult.

N

II. - TEST CONDITIONS - ADJUSTMENTS AND CHECKS FREQUENCY«"

See document GIR. 3675

III. - PROCESS - , e ' _ﬁE

When the sleeves and primary blades proper values have been
determined it is then proceeded to the secondary master blade
calibration, as well as to the calculation of the corrections that

must be applied in series.

édiiions g s *
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Check of the secondary master blade balance -

Aim :

To decrease the variations between the secondary master

blade and the mean value of the 3 primary blades.

Warning :

As the avéragéprimgry blade was defined in IV, it is rep

laced

by the secondary blade, which is mounted on the yellow sleeve.

To do this, refer to tablesn® 3 and 4 pages 59 and 60.

Measures

Same conditions as in paragraph III. 2.

III.1.1. - Operations to be performed -

Mount the secéﬁdary’ blade on the yellow sleeve.

. Mount ghe two selected prlmary’ blades on R and B by

"refermg to table 3.

-blade with the corresponding actuator.

Perform the static '* 0 " before test and note them;

. AN = 255 r.p.m. and O = 1°

.. Measure the trackings.

Bring these values back to the ones corresponding to -

the test performed previously in paragraph III. 25

operat‘mg the yellow actuator v

. ane these values a,;:@ found again, cancel them by

operating actuatdrs R and B.

énd M0,

Dlsplay’ electricauy’ the pre- ~tracking num‘ber of ea.ch_

by

"The tracks being reset to 0, record the M 0 . Note Tg

Editiens
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- | . Still at N = 255 r.p.m, display the 0 pitches =
3°, 5°, 7° |
Record and note M 0 and T,

I - Perform thus three series of successive readings
.(Sa.me remarks as in paragraph III. 2 as regards the
measures stability), calculate the mean value for each

0 value.

. At N=0 r.p.m, perform the static ' 0 ' and note
them, then ‘bﬁng them back to the original value.
Correct each previously found value by a half drift of
the static " 0 ", these values applying only to M 0 value

for 0 = 1,3, 5, 7, and in no way to the M @ slapes.

CIII, 1. 2. - Data analysis - (Follow on tables 3 and 4 pages 59 aii,x;:pd 6(

We ha.ve on line (1) the Pmmafy bladﬂs values resppctlveh

- . ) ‘in blue and red with reSpeCt to the secondary’ blade mou_n

ted on yellow,

. Put in line " B or R coefficient "', the coefficients
corresponding to the values of the same primary blades }
mounted on B a2nd R during the circular permutations.

(paragraph II1.2.)

The variation between line (1) and line " B ot R coefficient

el
P

Tl

gives the variation between the secéndar'y blade and the

average primary blade seen on R sleeve and B sleeve. i

In order to judge of the necessity of readjustments, it is .

necessary to perform the mean value of the variations -

1] . seenon R and B and to check that it does not exceed 25
units for the M @ and 4 units for the tracking. Otherwise,

make slight rectifications on the secondary blade .

(refer to GIR. 3675, paragraph IV.1 and IV, 2)

édi?icns 3 ° .
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Iv,

v,

IV,

Nota :

Avoid repeated rectifications on the tab.

. If the secondary blade has had readjustments do again

the whole cycle of the three readings.

. If not, proceed to the next stage.

- DETERMINATION OF THE CORRECTIONS THAT MUST BE

APPLIED IN SERIES -

Measures :

Same conditions as in paragraph Il 2.

1. - Operations to be performed -

. Permutate two by two the pr.imary blades on R and B.

. Re-display electrically the pre-tracking index of each blade ™

with the corresponding actuator.

. Do again entirely the cycle described in paragraph III. 1, 1.,

i. e : static ' Q0 ',

Tracking cancellation - 3 series of measures - static " 0

check.

2. - Data analysis -

-

Let us call'.th'e_ 'average primary blade P m and the other two
primary ones of the set P iand P j (m, i, j corresponding to
one of the indexes 1, 2, 3).

We then have thé mean values of blades Piand P jon B and

R sleeves, facing the secondary one , mounted on yellow.

aerospatiale T T Mo GIR. 3534 |, d
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b

At the first test =

P 1 on blue " bi = Pi+B-S-Y

P jonred T

Pj+R-5S-Y

P j on blue bj=Pj+B-S5-Y

P ionred ri=Pi+R-85-7%

Taking the average primary blade'proper value into account,

i,e Am = - (Ai+ Aj).

We obtain the correction for a given sleeve and a given secon-

dary blade :

Ai-bi+Aj-bj

Correction

Correction = -

On the table , it is advisable to put in line (3) the proper
value of the average primary blade Am (replaced by the .
secondary one), to add (1) + (2) + (3), to change the sign,
and then to divide this result by 2,

aerospatiale
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V.

- RESULTS LAYOUT -

. The M 0 values are calculated within one unit.

As for the tracking, all the calculations are performed

within a2 tenth of unit, then the final result should be rounded

within half a unit so as to be homogeneous with the measuring

instruments.

Two results appear :

This value should be applied algebraically to the final readings

made on series blades for 2 given sleeve and a given seconda

blade. It gives the real value of the balanced blade with respect __
to the mean value of the three primary ones.

- Value which should be attained :

This value is an artifice which enables to check rapidly,

during the adju;stments, the position of the blade to be bélance&' >

aerospaticle ]
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