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1 _Abstract

An active control technique has been developed for the elimination of
the helicopter vibrations. Potential applications of this technique, which
has been tested in an experimental rig, also exist.A control strategy and an
on - line identification algorithm have been developed with stability ro-
bustness criteria in order to implement the vibration isolation system,

Redundancy management is very important, because it will make the
active control system for the vibration elimination ultra - reliable. Three
planes of fault detection, isolation and reconfiguration are suggested. These
planes include a generalised likelihood ratio test, majority voting algo-
rithms and electrohydraulic servovalves and actuators with adequate hard-
ware redundancy. Such a system will minimise also any problems related to
the airworthiness issue.

2. Introduction

The helicopter vibration problem i1s very important and an active con-
trol technique was developed in order to reduce the rotor - induced vibra-
tions{l]. Some other applications of this technique incliude vibration con-
trol of submarines and military aircraft. The analytical and simulation
results have shown 100% vibration isolation. The simplicity and the effec-
tiveness of this technigue were successfully demonstrated on an experimen-
tal rig, where vibration reduction levels of up to 80% were achieved.The con-
trol method and the identification algorithm proved to be robust with

.respect to various system perturbationsi.e. system parameter changes. Sta-
bility robustness criteria were set for the vibration isolation at the blade
passing frequency and its harmonics. These criteria provided the necessary
conditions for the on - line convergence of the parameter identification al-
gorithm,

But still the performance of the system depends on the normal ( error
free } operation of several other factors. Problems created by these factors
include sensor failures, loss of hydraulic power, actuator hardover or even
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one or more actuators out of condition, Therefore the redundancy manage-
ment is imperative for the normal operation of an active vibration isola-
tion system. Its ocbjective is to ensure that an ultra - veliable active control
system for the vibration reduction {s achieved. The redundant information
i.e. sensors, microprocessors, controllers, filters can be provided by two ex-
tra channels for each isolation unit used. Three planes of fault detection,
isolation and reconfiquration are suggested. The first plane ig at the sensor
level and verifies the validity of the sensor data. This detection and iscla-
tion can be accomplished using a generalised likelihood ratio test. This test
uses parity equations, which are linear combinations of sensors, The second
plane is designed to detect and isolate any inaccurate implementation of the
control law, It engages majority voting algorithms where each channel ex-
changes the data with the other two channels, Finally the third plane in-
cludes a triplex electrohydraulic actuator in a mid - value redundant config-
uration. The introduction of this redundancy management system is
necessary not only for reliability and fault tolerance purposes, but also to
overcome all the control system airworthiness related problems.

3 n an rinciple of the, Active Contirol Technique,

The proposed Activevibration isolation techniqueis universal and it
can be described as a nodalisation technique. There is a set of isolation
units placed between the gearbox and the fuselage. Each isolation unit con-
sists of an electrohydraulic servoactuator in parallel with an elastomeric
unit, Using the appropriate control law the actuater forces gppose the equiv-
alent spring forces to create a node, or a point of zero vibration motion at
the airframe attachment point. Therefore if there is no transmitted force at
a node, the fuselage will not vibrate. The principle is similar to the well
known Nodalisation method [2] except the fact that the node is now created
by active means.

The helicopter which was investigated was the Westland W30 - 100
type. This was scaled down to a 1/16 scale model. This model is shown in
figures 1.a and 1.b. It consists of two parts. The upper part is rigid and rep-
resents the engines, the gearbox and the raft. The lower part represents the
fuselage. The fuselage and the raft are connected by a set of isolation units.
The system is symmetrical about two vertical planes (x-z) and (y-z). These
%)fliangls intersect each other along the central suspension of the structure

g 2).

4,Control theory for the Vibration Isolafion

It 1s well known that the more significant vibration levels are those
created by rotor dynamic effects [3]. These vibrations occur at discrete fre-
quencies, the blade passing frequency and its harmonics and generally in-
crease in magnitude with the airspeed and the rotor blade angle of attack in-
crease. Their frequencies, usually are ranging from about 10 to 580 hz and
directly depend on the rotor speed ¢« and the number of blades b. The blade
passing frequency is the product of the number of blades b and the rotor
speed <. '

The proposed control theory achieves two results [4] a. Rejection of si-
nuseidal disturbances due to the blade passing frequency {21.6 hz) and its
harmonics {43.2 hz, 64.8 hz,e.t.c.} b. Rejection of constant disturbances dur-
ing sudden manoeuvres. These objectives are achieved using a simple stabil-
isation theory which is preferred to an optimisation theory. In order to ful-
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fill the above design objectives the control force U{s) must have the form
Uts)=[ Ggy(s) Gapr (8) [ Gupcls)+Gols)+Gopelst] + Gyyls) Gals)]  Als)

where

A(s) istherelative displacement between the transmission and the fuselage
U{s) is the control force provided by the actuators,
Gi;(s) and Ggi{s} depend on the servovalve/actuator modelling,

Ggls) and Gg(s) depend on the applied feedback and they are related to the

stability of the overall system,
Gppr(s) is acting as a feedback dynamic compensator and its presence is dic-

tated by the demand for arbitrary pole placement. Physically it is represent-
ed by a bandpass filter (BPF) wich is preferred to a notch filter and it isvery
crucial for the disturbance rejection at the frequency of inter-
est,

GHDc(s) is the transfer function of the harmonic disturbance conpensator

(HDC} responsible for the rejection of sinusoidal disturbances. Physically it
isimplemented by a proportional - derivative controller.

Gepcls) represents the transfer function of the Constant Disturbance Com-
pensator (CDC) and its purpose is the rejection of constant disturbances
during manoeuvres and landing. Itis implemented by an integrator,

s is the Laplace operator.

The ratios of the relative displacement versus the disturbance force and the
transmitted force Fiy(s) versus the disturbance force F 4 (s) take now the

form [1}

F4i(s) “mR/m32+Kp+Cps+ Goy(8)Ggpr(8)Cyp al8)+Geop o(8)+Gg(s)+Gy 4 (s)+ Ggls)

(1)

and

Fii(8) _ 1/m{K;,+Cp8+Goy(s)Ggpr{s)Gypc(s)+CGepclsl+Gpls)l+Gy4(s)Ggls))

Fdi(s) -r.nR/m 32+KP+CPS+G21(s]GBPF(s){GHDC(S)+GCDC(S}+G0(SH +Gy (s} Ggls)
(2)

where ,
m is the dimensionless term 1+mR/mF

mp is the equivalent rotor mass
mp 1s the equivalent fuselage mass
Kp. Cp are the stiffness and damping coefficients of the elastomeric

unit, .
The harmonic disturbance controller has the form

GI—IDC (s)= Kop + Cops (3)

Where Kop and cop are the optimum proportional and derivative coeffi-

cients respectively. Therefore by ¢equatingthe numerator of equation 2 to
zero and solving versus the parameters of the HDC the criterion (a) is always
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guaranteed. In practice these parameters can be estimated on line with an
identification algor{thm whose general characteristics are shown in f{ig. 3.
The rejection of constant disturbances is achieved by selecting a controller
of theform

Gepels) =K,/s {4)

as can be easily verified from eguation 1.
K, is a suitable constant gain.

Figure 4 illustrates the instrumentation used for the implementation of the
contirol sirategy.

5, Simulation Results

Fig 5 shows the transmitted force versus the excitation force {1000N)
after the application of control. Fig 6 shows the transmifted force versus
the excitation force without the application of the control force U(s). Fig 7
shows the excitation during sudden manoeuvres corresponding to 3g within
l1sec. The system response is shown infig 8 Therelative displacement tends
to zero after 0.6 sec. Fig 9 shows the excitation of the system in 3 different
vibration levels within 1 sec. After the application of control theisclation
is 100% and the transmitted force i{s shown in fig 10. The {frequency re-
sponse of the system is shown in fig 11 where the vibration isolation is in
excess of 90dB for the blade passing frequency and its first harmonic. Fig 12
shows the convergence of the on - line identification algorithm to the opti-
mum controler values.

. 1lity ustnegs Criteri licable o the heli : ter vibration envi-
vonment

The system design must also take into aceocunt some other factors which will
guarantee that sufficient vibration isclation takes places under the exis-
tence of some unprediciable effects. These eifects can include:

a. Perturbations which can lead eventually to instabilities and as a conse-
quence to the destruction of the vibration isolation system.

b. Insensitivities {o parameter variations which might lead to the noncon-
vergence of the identification algorithm to the optimal solution. As a result
the system will not only have inadequate levels of vibration isolation but
also thereis a possibility of an instability of the overall system. Therefore
the system must be siructurally robust in order to avoid any stability relat-
ed problems. This robustness can be found quantitively if either multiplica-

tive or additive perturbations AG(s) are considered |5}
For a multiplicative perturbation AG(w) the closed loop feedback system
will remain stable if AG(w) is stable and

1

 Nacygall <
flineage ) =1 -1 for all (5)

Also for an additive perturbation AG(s) the closed loop system will remain
stable if AG(s) 1s stable and
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lacyw)i <
il +Glico)] -1 for all ¢ (6)

Where G(Jw) 1s the open loop gain matrix,and . I corresponds to the
spectral norm of a matrix, Iis the unity matrix. The multiplicative and ad-
ditive feedback configurations are shown in figures 13.a and 13.b. There is
no need to apply the above theorem for broad band frequencies of the heli-
copter vibration problem, but only for the blade passing frequency and its
harmonics. Hence for the multiplicative case

lacgnwll <
Mi+Gline,) -1 -1 wheren=1,2,... (7)

and for the additive case

facgnepll <
"[I-&-G(jnwb)] -1 where n=1,2,... {8) -

and &y, isthe blade passing frequency.

When the gpectiral norm of the perturbation frequency response is always
less than some value, stability is maintained and the convergence of the on -
line identification algorithm is secured. The identification algorithm en-
sures that there is no need for the exact system model and the accurate
knowledge of the system parametersis not necessary.

The application of the small gain and phase theorems can also give an
answer to the stability robustnes demand for the frequency range [0,20y, ]

and [2wb.°°]. From fig 11 and taking into account [6]

Sup 8, (00p,)< = =4.57+10 "%
Wy Sup,m Oy ) 21837 |

for the blade passing frequency and

1 1
Sup 8y, (200p,) < = =1.58+10 ~4
2¢0y, Supamfzwb} 6307
200b

for the first harmonic of the b.p.f.
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Where 31£5625...5,,,(w) are the principal gains of AG(jw) and &j<®g<...... %
() are the principal gains of [I-i-G(joo)”l]'l.

The structured singular value ®{G) can also be used for the helicopter
vibration isolation problem. The reason is that there 1s a desired perfor-
mance objective and a set of possible external input signal like disturbanc-
es and setpoints. It is defined at each frequency (blade passing frequency

and its first harmonic ) such that ,u"l(G} is equal to the smaiiest? {AG)
needed to make [+AG singular where O(AG) denotes the maximum singular
value of the perturbation. #(G) depends on the matrix G and the siructure of
the perturbations AG[7].

7. Redundancy Management for the Vibation Isolation System.

If the robustness criterla set in the previous section are not met fol-
lowing component failures or unexpected changes in operating conditions,
the performance of the active vibration isolation system will be degraded.
Also the trend in many dynamic systems is towards more complexity to
meet higher levels of performance, Such gysiems require increasing levels
of relfability through redundancy. Therefore in order to maintain the high-
est level of performance it is important that any faults be promply detected
and isolated. The next step will be then the remedy action( reconfiguration)
and the normal operation of the vibration isolation system. Active redun-
dancy is suggested through three parallel channels corresponding o each
isolation unit. Triple redundancy of all channel components in order to
make the system two - fail operative, The redundant information includes
ocutputs from sensors, filters, microprocessors, controllers, which are phys-
ically segregated from each other in order to remove any possibility of in-
ter - lane fault propagation. There are three sections which are very critical
for the normal operation of the active vibration system. These sectionsre-
quire correct sensor data, accuraie implementaiion of the control law and
optimum servoactuator outputs respectively.

“7.a_First Plane of fault - detection and Isolation

The failure detection - isclation configuration for the first plane is
shown in fig 14. There are three similar sensors which are combined in
three pairs. Each pair measures the difference of the two sensor outputs and
provides the residual state necessary for the implementation of the Gener-
alized Likelihood Ratic Test ( GLRT ). The residuals used are the innova-
tions generated by the Kalman - Bucy filter , These innovations are the
differences between the measured sensor residual outputs y(t) and the esti-
mates obtained by the Kalman filtering. That is

C{t} =e1(t} - ej (t) =
=7yt - Fj0)] - e {£y(t/ t-1) %) (t/t-1)) =

¥ (1) -c R(t/t-1) o (9)
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Where 5\:1 (t/t-1}, X“j (t/t-1) are the Kalman estimates of the sensors 1 and j

respectively, n
R (t/t-1) =2, (t/t-1) - X (t/t-1) is theresidual state

¥ (0, "i’j {t) are the sensor outputs { andj respectively.
The sensor faults are considered stochastic because they are indicated by

jumps occuring at rvandom intervals with random amplitudes, The test
uses two hypotheses: Hy is the null - hypothesis or no jump hypothesis and

H, is the hypothesis under which a jump has occured indicating a faulty
sensor , The residual can bhe also expressed in the form :

e(t) =G(1,9) v + v, (t) (10) .
where G dependson the measurement matrix and the state transition ma-
trix
Yy . isazero mean white noise
v ° isthe unknown size of the random jump
8 {s an unknown posiiive integer which assumes a value if a jump
oceurs,

Themethod used in { 9] can be directly applied for the innovations of equa-
tion (9). The likelihoodratio test will be of the form :

Hy

1t 8(t)]1 2 ¢ (11)
HO

Where 3(1:] isthemaximum likelihood estimateof ¢ . If the three GLRT
fulfill the null hypothesis or lij ey 'ljk <¢,andl yy <¢, wherel,j and k co-

respond to the i, .k sensors respectively and ¢is the threshold level, then all
the sensors provide the correct data. Hence there 18 not any discruption to
their normal operation if a jump is detected, then a senseor is faulty i.e
there is a zero output, or a bias. This means that two of the likelihood ratios

will be greater than ¢ i.e ljk >€andly >¢. It 1s obvious that the faulty sen-

sor 1a the sensor k, which isisolated immediately. The output of this sensor
I8 replaced by the average value of the rest two error free sensors.

7.b, Second plane of detection and Isolation.

The vibration isolation system includes three controllers interfacing
with the three microprocessors via a majority voting node (fig 14 ). The im-
portance of the plane is highlighted by the fact that the optimum values of
these controllers are very crucial for the correct implementation of the con-
trol law. The microprocessors send the computed optimum values to the con-
trollers and exchange them with the rest processors in a eyclic way. The 12
bit digital values created by the residuals are running in a majority voting
system. Three parity equation residuals exist which are digitally cross-
linked so that each processor has one redundant source of tnformation, The
pattern of the parity equationsisvery simple and effective. It compares the
difference of any two like processor outputs to an optimal threshold level.
This optimal threshold should be related to the noise properties, modelling

errors and the parameter uncertainties, of the system. The parity equations
have the form :

Pin=Yin-Yan (12)
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Pon=Ygn-Y3p (13)
P3n=Ygn-Y 1, (14)

Where P, , Py, Pg, arethe residualsand¥;, Yo,. Y3, correspond to the

optimum controller values. When there is an inaccurate implementation of
the control law the parity equations involving it will be violated, whereas
those excluding it will still hold. The failure detection is achieved if the
parity equation residual P, is greater than the threshold Fy andisreset

to zero otherwise. .

Fn =1 1P >Fiy
(15)

=0 otherwise

The faulty controller is identified if the Boclean variable Lmn is one

Lin= Fyp an (18)
Lon =Fan Fan a7
L3n=Fgn Fin (18)

The selected signal at the node is mechanized to output three identical sig-
nals in all channels to drive the harmonic - disturbance compensators. The

controller outputs pass through three identical BPF which arelinked to the
servoamplifiers.

7.c. Third plane of fault detection and Isolation.

This plane includes hardware redundancy exclusively. Thereis a trip-
lex electrohydraulic servoactuator which is donble fail operative. It will
continue to work satisfactorily after any two failures which might be loss
of function of any element within the servoactuator, loss of command signal
to the servoactuator, or an erroneous hardover electrical command. The
electrohydraulic servovalve has three coils each of which is driven by one
of the electrical signals provided by the bandpass filters (fig 14 ). If one coil
current goes hardover, the high gain of the electrical feedback from the re-
maining good channels will 1imit the actuator output transient until the
channel is shut down. This {s a mid - value system preferred to a majority
voting system because 1t will not be affected by any single failure like a
hardover or a channel drift. The hydraulic outputs from the three servo-
valves are {low summed at the triplex actuator.
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8. Conclusions.

An active vibration isolation system for a helicopter has been devel-
oped. This system provided 100% vibration isolation under normal flight
and zero deflection during manoeuvres. Stabtlity robustness criteria were
get for the system in order to guarantee that the design objectives are ful-
filled always. The introduchion of the redundancy management configura-
tion ts evident not only for better reliability and fault tolerance purposes,
but also to minimise any problems related with the more siringent air-
worthiness issues.

Further improvements to the system performance can be achieved by
adopting the expert system approach [8] and by applying higher level lan-
guages {Ada)[10].

ACKNOWLEDGME

Part of this work was supported by the Royal Aerospace Establish-
ment, Farnborough, UK. . The author wishes {o express his grafitude to
RAE, Farnborough, U.K. The author would like also to thank Lieutenant
Colonel I, Kapelios and Captain S. Harharis of the Greek Army Aviation for
providing him all the facilities in order to complete this work.

References

1) G. E. Passalidis Active Control of Vibration of Helicopter Structures,.

Ph.D T niversity of Siratheclyde, Dynamti nd Control Division

Glasgow, December 1888.

2} W.E. Flannelly, The Dynamic Anti - Resonant Vibration Isolator, Paper

presented at 22nd Annual National AHS Forum, 1966.

3) G.T.S. Done, Vibration of helicopters, Shock and Vibration digest, vol 2,

part 1,Jan 1977,

4) C.R. Burrows, G.E, Passalidis. M. N Sahinkaya, Active Isolation of heli-

copter structures, Interim RAK 3 1986.

5) 1. Postlethwalte, et al. Principal gains and principal phases in the ana-

lysis of linear multivartiable feedback systems Proc, of JACC, San Francis-

co, paper WP8A, 1880,

6) C.A. Desoer. M. Vidyasagar, Feedback Systems, Input ocutput properties,
1975.

7} S. Skogestad et al,, Robust Control of Ill Conditioned Plants : High Pur-

ity Distillation, ] 0 omat sntrol, vol 16 12, Dec. 1988.

8) J.d. Gertler, Survey of Model “Based Failure Detection and Isolation in

Complex Plants, IEEE Contrel Systems M zine . vol. 8 no Dec. 1988,

9)A.S, Wllsky et al, A generalized likellthood ratio approach to the detection

and estimation jumps in linear systems, IEEE Tr. Automat. Contr., Vol AC -

21, Feb. 19786.

10} T. D. Humphrey, Reducing the risks of using Ada onboard the space sta-

tion, IEEE AES Magazine, Nov, 1988.

84-009



zaiw.n'/".i‘?:ﬂ;‘} T asly
e e T
I
|
H
I
!
|
|
|
A I—— ¥
Zp-f#r o) & ™ !.,i_m;

Figure l.a Two mass-model of the W30-100 Helicopter

Figure 1b Position of the centre of gravities of the gearbox
and fuselage before and after the excitation

TR AERU TR U CEUAURRUURNANRY T R A ALY
SUNGEE
SUSPENSION
_suseepsioy 3
N
N VIBRATOR 1 ] VIBRATOR 2 3 aigorithm
( : ’ initialisation
N
I
\ ) 5
QUHMY ROTOR § \
N § -
GEARBOX
N ¢aleulation
lof optimel  condral
ISOLATOR < 1SOLATOR ™
N . UNIT1 T LNET 2 N
\ .
application esfimation of
FUSELAGE bf aptimal  control sgfimtg? parcmet-
3
N megsurement
of vibrationtevds
¥
é
m .

Figure 2  Cross section of the experimental ig  Figure 3  Structure of the on-line identifica

VAX 11130 vou
Applicati
sg Et‘&%*}%n Przton
i - ared
 anC I _ balarice
- 7
Gearbox K roptofessor Brosors
accelery hmplifier rensdy
mater ﬁ

Couble PO . Serve

integraiof——{Contrgler [~ BPF _—@_.%9* ampiifisr fr-Fervoats Lef Achuate”

A
Fuselage
cers Amplifier

eter
Achuator
foedback
tracsde
| ke
Load
el Amplifiar BPF 1

Figure 4  Block diagram of the instrumentation used for the control theory

84-010



X102

£ g
ERS 3
- I g
1 G [
2 2 5
g ¥ 3
a8 73 ¢
] >
% O.__ w «;—Fﬁfns—g—#ms#-& ﬁ-& = E 0
] o @
§ ] % ] |
k & :
g g 1 2
A -5l I & -sl l i { J
g ’ a ’ é %I P |
-10] LI S A AL S R 2 SIS ML 00 A0 AL e rerfrderr
4] 2 4 6 10 0 2 4 5 8 10
Time (sec) X107} Time (sec? xi0~}
FIGURE 5 Transm, Force versus exc. FIGURE 6 Transm, Force without controt
force for Lhe one d.o.F. versus Lhe excitetion Force
0 Transm.Force({N) Lo Fuselage a Transm. Force (N}
o Excit. Force:10005in(135.7242 o Excit. Force:1000sin(135.724)
X103 X10™9
8 . . T - 2 T T T Y
73 §
£ £ :
=~ 6% . b :
4 g
g LR A
s 5% 1 s e
e 3 3 ]
- 3 > h
$ 41 15
$. 3 b ]
4. r
§ 3 1§ ]
h 3 % "'2-1\- o
k] E Eny 3
& 24 | - \/\_ _
3 ~31) |
1 J 1
(1 NV ST S SN R s L brerrrerrerere brpeperereprprdrepe ;
0 2 4 6 8 10 0 2 4 e 5 o
Time {seg) x107! Time (sec) X10~1
FIGURE 7 Excitation Farce during FIGURE 8 Relative displacement

sudden manaeuvres (ND.

84-011

during manoeuvres (m).



3 ' T ¥ T L) T L
g 2 ﬂ £ 2] w
3 ¥ ]
g 11 % :
3] LY
3 O 4
EAMAA :
¢ O z
@ 3 &
o L o it
5 ] g ol . I .
& 8 Y = 1Y
& -11 ] 4 1
i
H 4
-3
- T .
K| a ' ]
e & NS — v 1 . ~23} 3 r— I S —
o 2 4 5] 8 10 3 2 4 G 8 10
Tine (zoc) x10”t Time {zec) ®o!
FIGURE O Disturbance Force witthh 3 FIGURE ¢} Transmitied Force(N),.
diFferent lLevels in 1 sec.
x1o? FrequencylHz » x103
5 5 T T T ¥ ¥ T
] / ]
-~ O: - - - s . E
=] 12 -1 o] 1 2 5 h
S -Lr g ]
< E [~ ]
o .5 i 4
o) ] s
=] w 1
r e 1
a b # 3: .
= .10 ¢ 71
[ ] M
2 ] 0 ]
2 §
é -'.-15.2 §' 21 J
- 3 —
] 2
1 . " ]
~201 2 1
11 .
Figure 11 Vibration Isolation versus frequency
1 *AG[ ' ' 0 L p T L AN ARRAAN RAASILAL s sy ey s b
m s) Gls) 0 Z 4 o 8 10 12 14
i K 1 Number of sigerithm iterations
Figure 132 Feedback configuration with FIGURE ‘12  ldeniification elgorithm
multipiicative perturbation convergence.
AGls) 8 Prop. oplimum gain, Kop
. ¢ Der. optimum gain, Copx100
! Gls) - ;—I
1 [ g
' L_m_ 3

Figure {3bFeedback configuration with
additive perturbarion

84-012



S10-98

Primary
Input
Sensors
Channel 1

Signal

-:vlﬁmdi- |

tioning

Wilti-

plever

Ll

am

{Converter

| GiRY Hicro Eontrol- Band :i,\’
— Broces- viler | Pass
s | Filter
::> BLRT Hicro ;v#\ Voting :> [ontrol- Band e
proves- rode | har 2 Pazs ¥
s 2 N Filter
::> BLRT Hicro L JControl~ Band  fomeeh
i1 GCBG™ Viier 3 Pazs v
s 3 Filter

Briving

Jriplsx
N
/] Bervo

Fﬁftaatnr

Figure 14 Redundancy Management of the vibration isolation system




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (-3.98 315.04) Right top (18.88 843.74) points
      

        
     0
     -3.9752 315.0378 18.8822 843.7382 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (557.52 294.17) Right top (590.32 558.52) points
      

        
     0
     557.5206 294.168 590.3159 558.5182 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (561.46 287.69) Right top (591.33 562.45) points
      

        
     0
     561.4641 287.6913 591.3292 562.4503 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (-2.99 210.04) Right top (22.90 844.18) points
      

        
     0
     -2.9865 210.042 22.8966 844.1779 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (5.98 210.39) Right top (13.96 846.61) points
      

        
     0
     5.9832 210.3938 13.9608 846.6076 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (560.43 277.21) Right top (600.31 561.41) points
      

        
     0
     560.4266 277.2062 600.3146 561.4083 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (560.66 278.33) Right top (600.56 564.64) points
      

        
     0
     560.6569 278.3289 600.5613 564.643 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (568.04 293.40) Right top (587.80 326.99) points
      

        
     0
     568.04 293.3971 587.7979 326.9855 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (550.26 506.78) Right top (593.73 568.03) points
      

        
     0
     550.2579 506.7825 593.7253 568.032 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 14 to page 14
     Mask co-ordinates: Left bottom (2.97 -1.98) Right top (629.10 25.72) points
      

        
     0
     2.9674 -1.9783 629.0981 25.7178 
            
                
         14
         SubDoc
         14
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     15
     13
     1
      

   1
  

 HistoryList_V1
 qi2base





