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Description

[0001] The present invention relates generally to a
method and apparatus for compensating a rod position
indication system of a nuclear reactor vessel, the sys-
tem including a linear variable differential transformer
(LVDT) having a generally linear output that is repre-
sentative of the position of a control rod.
[0002] In a commercial nuclear reactor, heat, from
which steam and ultimately electricity are generated, is
produced by fissioning of a fissible material such as en-
riched uranium. This fissible material, or nuclear fuel, is
typically contained within a nuclear core made up of a
multiplicity of fuel rods supported in a plurality of nuclear
fuel assemblies, coextensively arranged in a spaced
parallel array.
[0003] Movable control rods are dispersed throughout
the core to control the fission process. The control rods
generally comprise a plurality of elongated rods contain-
ing neutron absorbing materials which fit in longitudinal
openings defined in the fuel assemblies and among the
fuel rods by guide thimbles of the fuel assemblies. The
guide thimbles thus guide the control rods during their
movement into and out of the core. Inserting a control
rod into the core adds more absorber material and,
hence, decreases the nuclear reaction; conversely,
withdrawing a control rod removes absorber material
and, hence, increases a nuclear reaction and thereby
the power output of the core. The nuclear reactor core
and the control rods are positioned within and supported
by a reactor vessel through which a reactor coolant
flows.
[0004] The control rods are supported in cluster as-
semblies moved into and from the nuclear core by con-
trol rod drive mechanisms which, in turn, are mounted
by an upper internals arrangement located within the nu-
clear reactor vessel above the nuclear core. Typically, a
reactor pressure vessel is pressurized to a relatively
high internal pressure. The control rod drive mecha-
nisms operate within the same pressure environment
that exists within the reactor pressure vessel. Hence,
the control rod drive mechanisms are housed within
pressure housings of the upper internals arrangement
which are tubular extensions of the reactor pressure
vessel.
[0005] One of the more commonly used types of con-
trol rod drive mechanisms is referred to as a "magnetic
jack." With this type of mechanism, the control rods are
jacked into and from the nuclear core in a series of mo-
tions each involving moving the control rod a discrete
incremental distance or "step;" hence, such movement
is commonly referred to as stepping of the control rods.
There are typically 231 steps between the fully with-
drawn position and the fully inserted position of the con-
trol rods. For example, 0 steps indicate the fully inserted
position, and 231 steps indicate the fully withdrawn po-
sition. This type of mechanism is illustrated and de-
scribed in U.S. Patents to Frisch (3,158,766) and Dew-

esse (3,992,255) which are assigned to the assignee of
the present invention.
[0006] This magnetic jack type of control rod drive
mechanism includes three electromagnetic coils and ar-
matures or plungers which are operated to raise and
lower a drive rod shaft and thereby the control rod clus-
ter assembly. The three coils are mounted about and
outside of the pressure housing. Two of the coils actuate
respective plungers of movable and stationary grippers
contained within the housing. The third coil actuates a
lift plunger connected to the movable gripper. Actuation
of the movable and stationary plungers, in turn, operate
sets of circumferentially spaced latches which grip the
drive rod shaft having multiple axially-spaced circumfer-
ential grooves. the stationary gripper latches are actu-
ated to hold the drive shaft in a desired axial position.
The movable gripper latches are actuated to raise and
lower the drive rod shaft. Each jacking or stepping
movement is of the control rod drive mechanism moves
the drive rod shaft 5/8 inch (1.58 cm) The jacking or step-
ping movement is thus accomplished by the operation
of the three sets of axially spaced electromagnetic coils
to actuate the corresponding stationary, movable and lift
plungers so as to alternately and sequentially grip, move
and release the control rod drive shaft of the respective
mechanism.
[0007] A number of indicators have been used in the
past to determine control rod position. One such indica-
tor is an analog indicator. This analog indicator includes
a plurality of layered, wound coils concentrically ar-
ranged in a stack and supported by a nonmagnetic
stainless steel tubular substructure that is slid over a
nonmagnetic rod travel housing. The coils are arranged
alternately as primary and secondary coils, with all the
primary coils connected in series and all the secondary
coils connected in series. The coils form, in effect, a long
linear voltage transformer distributed over the height of
the travel housing such that the coupling from primary
to secondary is affected by the extent to which the mag-
netic drive rod penetrates the coil stack. Rod position is
determined by applying a constant sinusoidal excitation
current to the primary and measuring the voltage in-
duced across the secondary. The magnitude of the in-
duced secondary voltage corresponds to rod position.
The secondary output voltage varies substantially line-
arly with the position of control rod, as is well known in
the art. This secondary voltage is processed by instru-
mentation, which is well known in the art, and displayed
on a control panel.
[0008] Although the present device for detecting con-
trol rod position is satisfactory, it is not without draw-
backs. When the control rods are near the fully with-
drawn position (i.e., 231 steps), the output of the trans-
former varies substantially nonlinearly with the position
of the control rods, which obviously creates an error in
the indication of the position of the control rod.
[0009] US Patent Specification No. 3,857, 089 relates
to a transducer system for indicating the position of a
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movable member, such as a nuclear control rod, con-
tained in a chamber separating the transducer appara-
tus from the movable member. This document also dis-
cusses a linear variable differential transformer (LVDT)
for sensing the position of a nuclear control rod, wherein
a primary winding of the LVDT is excited by a single
phase source.
[0010] Consequently, a need exists for a method and
apparatus for compensating a rod position indication
system for non-linearity when the control rods are sub-
stantially withdrawn.
[0011] According to the present invention, there is
provided a method for compensating a nuclear control
rod position indication system for non-linearity as de-
fined in claim 1 below. According to the present inven-
tion, there is further provided an apparatus for compen-
sating a nuclear control rod position indication system
for non-linearity as defined in claim 6 below.
[0012] In an embodiment of the present invention, a
current source having a 60 Hz frequency is provided for
exciting the sensor over a predetermined range of rod
positions, and a 20 Hz frequency is provided for exciting
the sensor over the remaining range of control rod po-
sitions.
[0013] It is a feature of an embodiment of the present
invention to provide a current source having a 60 Hz fre-
quency for exciting the sensor over a predetermined
range of rod positions, and having a 20 Hz frequency
for exciting the sensor over the remaining range of con-
trol rod positions.
[0014] In the course of the following detailed descrip-
tion, reference will be made to the attached drawings in
which:

Fig. 1 illustrates a view in vertical cross section of
a typically nuclear power plant reactor vessel and
its rod position indicator;
Fig. 2 illustrates a view in side elevation of a rod
position indicator; and
Fig. 3 illustrates a schematic diagram of a circuit of
the present invention for compensation of the rod
position indicator system for non-linearity.

[0015] Referring now to the drawings, and parcicular-
ly to Fig. 1, there is shown a typical nuclear power re-
actor vessel, generally referred to as 10, for producing
heat by a controlled fission of a fissionable material (not
shown). The reactor vessel 10 is disposed in a reactor
cavity 12 defined by a containment building 14. The re-
actor vessel 10 includes a cylindrical shaped bottom 20
open at its top end and having a plurality of inlet nozzles
30 and outlet nozzles 40 attached to the upper portion
thereof (only one of each nozzle is shown). A flanged,
hemispherical shaped reactor vessel closure head 50,
which may be carbon steel, is mounted atop the bottom
20 and is sealingly attached to the open top end of the
bottom 20 so that the closure head 50 sealingly caps
the bottom 20. Capping the bottom 20 in this manner

allows for suitable pressurization of the coolant (not
shown) circulating through the bottom 20 as the reactor
vessel 10 operates. The coolant may be borated dem-
ineralized water maintained at a relatively high pressure
of approximately 1.7243107Nm-2 (2500 psia) and a
temperature of approximately 343°C (650 degrees
Fahrenheit).
[0016] A reactor core 55 is disposed in the interior of
the reactor vessel 10. The reactor core 55 comprises a
plurality of nuclear fuel assemblies 57 containing the fis-
sionable material. The fuel assemblies 57 include a plu-
rality of vertically extending fuel rods (not shown) struc-
turally bound together. A plurality of vertically extending
thimble tubes (not shown) are selectively positioned
within each fuel assembly 57 for receiving a control rod
which functions to control the fissionable process. The
thimble tubes are structurally bound together by a spider
assembly forming a movable control rod cluster (not
shown in Fig. 1).
[0017] A plurality of closure head openings 60 are
formed through the top of closure head 50 for respec-
tively receiving a plurality of generally tubular shaped
control rod drive mechanism (CRDM) penetration tubes
70. Each penetration tube 70 is affixed to the closure
head 50 by weldments 77. Each CRDM penetration tube
70 houses a control rod drive shaft (not shown) extend-
ing therethrough; the drive shaft engaging at least one
movable control rod cluster.
[0018] A control rod drive mechanism (CRDM) 90 is
connected to the penetration tube 70 for axially moving
a drive rod 80 and thus the control rod cluster connected
thereto. The CRDM comprises a generally tubular pres-
sure housing 100, which may be type 304 stainless
steel. An electromagnetic coil stack assembly 110 is at-
tached to the pressure housing 100 for electromagnet-
ically and axially moving the drive rod 80 as the coil stack
assembly 110 is electrically energized. When the coil
stack assemblies 110 are energized, the control rods
are fully withdrawn from the core 55. When the coil stack
assemblies 110 are de-energized, the control rods are
fully inserted into the core 55. A rod position indicator
(RPI) 120 is attached to the coil stack assembly 110 for
monitoring the position of the control rods, as is well
known in the art.
[0019] As the reactor vessel 10 operates, the coolant
enters the bottom 20 and circulates therethrough gen-
erally in the direction of the arrows. As the coolant cir-
culates through the bottom 20, it also circulates over the
fuel assemblies 57 for assisting in the fission process
and for removing the heat produced by fission of the fis-
sionable material contained in the fuel assemblies 57.
The coil stack assemblies 110 axially move the control
rod clusters in and out of fuel assemblies 57 to suitably
control the fission process therein. The heat, generated
by the fuel assemblies 57, is ultimately transferred to a
turbine-generator set for producing electricity in a man-
ner well known in the art.
[0020] Fig. 2 illustrates a rod position indicator 120 of
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the linear voltage type with which the method and device
of the present invention are particularly useful for com-
pensating its output for variations due to the non-linear-
ity when the control rods are substantially withdrawn.
[0021] The indicator 120 includes a plurality of annu-
lar, layered-wound primary coils P which are electrically
connected in series to form a primary winding, and a
plurality of annular, layered-wound secondary coils S
which are electrically connected in series to form a sec-
ondary winding. The coils P and S are stacked in tandem
and are mounted on a coil form 130 having end plates
140 and 150. The coil form 130 includes a thin nonmag-
netic stainless steel tubular substructure that is slid over
a nonmagnetic rod travel housing 160 which encloses
the drive rod 80. The secondary coils S are alternatively
interleaved and inductively coupled with the primary
coils P, with a secondary coil S located at the top of the
coil stack and a primary coil located at the bottom of the
coil stack. A signal conditioning module 170 is connect-
ed to the primary for exciting a current in the primary
winding which induces a voltage across terminals of the
secondary winding. The signal conditioning module 170
will be described later in detail.
[0022] In one illustrative configuration, the coil form
130 is approximately 393.7 cm long with a combined pri-
mary and secondary active coil length of approximately
384.81 cm. The active coil includes layered-wound
coils, half of which are primary coils P with the other half
being secondary coils S alternatively interleaved as dis-
cussed above. Each coil is 13.72 cm in diameter and
approximately 5.08 cm high. The primary coils P are es-
sentially identical while the secondary coils S preferably
have progressively more turns near the top and bottom
of the detector to compensate the detector circuit path
for the detector length. A space of approximately 7.62
cm exists between the lowest primary coil P and the bot-
tom end plate 150 of the coil form 130.
[0023] The drive rod 80 is made of a metal having
magnetic properties. As may be appreciated, as the
drive rod 80 moves up through its housing, the coupling
between the primary and secondary windings increases
which causes a proportional increase in the magnitude
of the voltage induced in the secondary winding. The
secondary voltage thus also corresponds to the position
of the control rod as it is withdrawn from the core 55 of
the reactor vessel 10. While in theory the relationship
between the secondary voltage and rod position should
be linear, in fact there are a number of variables which
introduce error into the output of the secondary winding.
One such error is the non-linearity of the secondary volt-
age when the control rods are substantially withdrawn,
particularly in the range of 220 to 231 steps where the
magnetic coupling path is attenuated due to lack of extra
detector coils. The system of the present invention in-
cludes a method and apparatus for compensating the
rod position indication system for such non-linearity.
[0024] Fig. 3 illustrates a circuit of the present inven-
tion for compensating for non-linearity in the secondary

voltage of the rod position indicator 120. Although the
circuits of the present invention is shown in block dia-
gram form, it is well known by those skilled in the art of
how to reconstruct the details of the circuitry. The signal
conditioning module 170 includes an excitation current
source driver 180 for providing the necessary current to
drive the primary (P)of the rod position indicator 120. A
sixty Hz sinusoidal generator 190 and a twenty Hz sinu-
soidal generator 200 are both electrically connected to
the driver 180 for providing the desired frequency to the
drive 180. The driver 180 may be switched between the
generators 190 and 200 for changing the frequency of
the current of which the driver 180 is supplying.
[0025] The secondary (S) of the rod position indicator
120 is connected to another portion of the signal condi-
tioning module 170 for receiving the output signal from
the rod position indicator 120. This portion includes a
differential receiver circuit 210 for eliminating any extra-
neous noise contained within the signal which is re-
ceived from the secondary (S). A sixty Hz receiver circuit
220 and twenty Hz receiver 230 both function to receive
the processed signal from the differential receiver circuit
210. The sixty Hz receiver circuit 220 functions as a
bandpass filter for signals having a frequency of approx-
imately sixty Hz. Similarly, the twenty Hz receiver circuit
230 functions as a bandpass filter for signals having a
frequency of approximately twenty Hz. As will be obvi-
ous to those skilled in the art, although both the sixty
and twenty Hz receiver circuits 220 and 230 receive the
signal from the differential receiver circuit 210, only one
of the two will at any given time process the signal from
the differential receiver circuit 210 and produce an out-
put. If the received signal is approximately sixty Hz, the
sixty Hz receiver circuit 220 will obviously process the
signal and will have an output. If the received signal is
approximately twenty Hz, the twenty Hz receiver circuit
230 will process the signal.
[0026] An analog to digital converter (A/D converter)
240 includes two input channels which are respectively
connected to the receiver circuits 220 and 230 for re-
ceiving whichever of the two receiver circuits 220 and
230 is outputting its signal. The A/D converter 240 is
contained within a computer 250 for taking the digital
signal from the A/D converter 240 and processing it into
a form suitable for readout, for example a display screen
(not shown). This processing is well known in the art.
[0027] An example of the present invention operates
as illustrated below. When the rod position indicator 120
is monitoring the position of the control rods having a
step range of 0 to 220 steps, the excitation current
source driver 180 receiver its frequency input from the
sixty Hz sinusoidal generator 190, and outputs a current
having a frequency of sixty Hz to the primary (P) of the
rod position indicator 120. The differential receiver cir-
cuit 210 receives the secondary output of the rod posi-
tion indicator 210, and removes any extraneous noise
contained therein. Since the signal from the differential
receiver circuit 210 is obviously at sixty Hz, the sixty Hz
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receiver circuit 220 will process this signal and pass it
to the computer 250 as described above.
[0028] When the rod position indicator 120 is monitor-
ing the position of the control rods having a step range
of 221 to 231 steps, the excitation current source driver
180 switches its frequency input from the sixty Hz sinu-
soidal generator 200 to the twenty Hz sinusoidal gener-
ator 200, and outputs a current having frequency of
twenty Hz to the primary (P) of the rod position indicator
120. The differential receiver circuit 210 receives the
secondary output of the rod position indicator 210, and
again removes any extraneous noise contained therein.
Since the signal from the differential receiver circuit 210
is at twenty Hz, the twenty Hz receiver circuit 230 will
process this signal and pass it to the computer 250 for
processing. It is instructive to note that the twenty Hz
frequency is more sensitive to step changes in the range
of 220 to 231 steps than the sixty Hz frequency, related
to the number of magnetic flux linkages. At twenty Hz,
there are fewer magnetic flux linkages from the primary
coil to the secondary coil. Any changes in the linkages
(due to rod position changes) are accentuated and are
easier to detect and condition with the electronics de-
scribed in this disclosure.

Claims

1. A method for compensating a nuclear control rod
position indication system for non-linearity compris-
ing the step of:

applying an excitation current having a first fre-
quency to a primary winding (P) of a linear var-
iable differential transformer (LVDT) type sen-
sor (120) for generating a generally linear volt-
age output on a secondary winding (S) that is
representative of the position of the control rod,
which excitation current at said first frequency
generates a non-linear output when the posi-
tion of the control rod is near to the fully with-
drawn position; characterized by

modifying the excitation current to include a
second frequency to maintain a generally linear
output when the position of the control rod is
near to the fully withdrawn position.

2. A method as claimed in claim 1, wherein the second
frequency is approximately 20 Hz.

3. A method as claimed in claim 2, wherein the first
frequency is approximately 60 Hz.

4. A method as claimed in claim 3, including modifying
the excitation current when the control rod is in a
step range of approximately 221 to 231 steps.

5. A method as in claim 4, including applying the ex-
citation current of approximately 60 Hz when the
control rod is in a step range of approximately 0 to
220 steps.

6. An apparatus for compensating a nuclear control
rod position indication system for non-linearity com-
prising:

a linear variable differential transformer (LVDT)
type sensor (120) having a primary winding (P)
and a secondary winding (S),
means (190, 180) for supplying an excitation
current at a first frequency to the primary wind-
ing for generating a generally linear voltage
output representative of the position of the con-
trol rod on the secondary winding (S),
sensing means (210, 220) for sensing the gen-
erally linear voltage output, wherein the excita-
tion current at said first frequency generates a
non-linear output when the position of the con-
trol rod is near to the fully withdrawn position,

characterized by

means (200, 180) for supplying an excitation
current having a second frequency when output
of the sensing means becomes non-linear due
to the control rod being near to the fully with-
drawn position, so as to restore the output of
the sensing means to a linear one.

7. An apparatus according to claim 6, wherein the first
frequency is approximately 60 Hz and the second
frequency is approximately 20 Hz.

8. An apparatus according to claim 7, wherein the ex-
citation current is at approximately 60 Hz when the
control rod is in a step range of approximately 0 to
220 steps and at approximately 20 Hz when the
control rod is in the step range of approximately 221
to 231 steps.

Patentansprüche

1. Verfahren zum Kompensieren der Nicht-Linearität
eines Positionsanzeigesystems für nukleare Steu-
erstäbe, enthaltend den Schritt:

Anlegen eines Erregerstroms mit einer ersten
Frequenz an eine Primärwicklung (P) eines
Sensors (120) vom Typ eines linearen varia-
blen Differentialtransformators (LVDT) zum Er-
zeugen eines im allgemeinen linearen Span-
nungsausgangs an eine Sekundärwicklung
(S), die stellvertretend ist für die Position des
Steuerstabs, wobei der Erregerstrom bei der
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ersten Frequenz einen nicht-linearen Ausgang
erzeugt. wenn die Position des Steuerstabs na-
he der völlig zurückgezogenen Position ist, ge-
kennzeichnet durch

Verändern des Erregerstroms, um eine zweite
Frequenz einzubeziehen, um einen im wesent-
lichen linearen Ausgang aufrechtzuerhalten,
wenn die Position des Steuerstabes nahe der
völlig zurückgezogenen Position ist.

2. Verfahren wie in Anspruch 1 beansprucht, wobei
die zweite Frequenz ungefähr 20 Hz ist.

3. Verfahren wie in Anspruch 2 beansprucht, wobei
die erste Frequenz ungefähr 60 Hz ist.

4. Verfahren wie in Anspruch 3 beansprucht, enthal-
tend das Verändern des Erregerstroms, wenn der
Steuerstab in einem Schrittbereich von etwa 221
bis 231 Schritten ist.

5. Verfahren wie in Anspruch 4, enthaltend das Anle-
gen des Erregerstroms von etwa 60 Hz, wenn der
Steuerstab in einem Schrittbereich von etwa 0 bis
220 Schritten ist.

6. Vorrichtung zum Kompensieren der Nicht-Linearität
eines Positionsanzeigesystems für nukleare Steu-
erstäbe, enthaltend:

einen Sensor (120) vom Typ eines linearen, va-
riablen Differentialtransformator (LVDT) mit ei-
ner Primärwicklung (P) und einer Sekundär-
wicklung (S),

eine Einrichtung (190, 180) zum Liefern eines
Erregerstroms bei einer ersten Frequenz an die
Primärwicklung zum Erzeugen eines im allge-
meinen linearen Spannungsausgangs, der für
die Position des Steuerstabs stellvertretend ist,
an die Sekundärwicklung (S),

eine Ableseeinrichtung (210, 220) zum Able-
sen des im allgemeinen linearen Spannungs-
ausgangs, wobei der Erregerstrom bei der er-
sten Frequenz einen nicht-linearen Ausgang
erzeugt, wenn die Position des Steuerstabs na-
he der völlig zurückgezogenen Position ist, ge-
kennzeichnet durch

eine Einrichtung (200, 180) zum Liefern eines
Erregerstroms mit einer zweiten Frequenz,
wenn der Ausgang der Ableseeinrichtung
nicht-linear wird aufgrund dessen, daß der
Steuerstab nahe der völlig zurückgezogenen
Position ist, um den Ausgang der Ablesemittel
zu einem linearen zu machen.

7. Vorrichtung gemäß Anspruch 6, wobei die erste
Frequenz ungefähr 60 Hz ist, und die zweite Fre-
quenz ungefähr 20 Hz ist.

8. Vorrichtung gemäß Anspruch 7, wobei der Erreger-
strom ungefähr 60 Hz ist, wenn der Steuerstab in
einem Schrittbereich von etwa 0 bis 220 Schritten
ist, und ungefähr 20 Hz ist, wenn der Steuerstab in
dem Schrittbereich von etwa 221 bis 231 Schritten
ist.

Revendications

1. Procédé pour compenser la non-linéarité d'un sys-
tème indicateur de position de barres de commande
nucléaires, comprenant l'étape consistant à :

appliquer un courant d'excitation ayant une
première fréquence à un enroulement primaire
(P) d'un capteur (120) du type à transformateur
différentiel à variation linéaire (LVDT) pour gé-
nérer une tension de sortie globalement linéai-
re à un enroulement secondaire (S) représen-
tant la position de la barre de commande, le-
quel courant d'excitation à ladite première fré-
quence génère une tension de sortie non-li-
néaire lorsque la position de la barre de com-
mande est proche de la position de retrait
complet ; caractérisé par l'étape consistant à
modifier le courant d'excitation pour qu'il ait une
seconde fréquence servant à maintenir une
tension de sortie globalement linéaire lorsque
la position de la barre de commande est proche
de la position de retrait complet.

2. Procédé selon la revendication 1, dans lequel la se-
conde fréquence est d'environ 20 Hz.

3. Procédé selon la revendication 2, dans lequel la
première fréquence est d'environ 60 Hz.

4. Procédé selon la revendication 3, comportant la
modification du courant d'excitation lorsque la barre
de commande est comprise environ entre 221 et
231 pas.

5. Procédé selon la revendication 4, comprenant l'ap-
plication du courant d'excitation d'environ 60 Hz
lorsque la barre de commande est dans une posi-
tion comprise entre environ 0 et 220 pas.

6. Dispositif pour compenser la non-linéarité d'un sys-
tème d'indication de position de barres de comman-
de nucléaires, comprenant :

un capteur (120) du type à transformateur dif-
férentiel à variation linéaire (LVDT) ayant un
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enroulement primaire (P) et un enroulement se-
condaire (S),
un moyen (190, 180) pour fournir un courant
d'excitation à une première fréquence à l'en-
roulement primaire pour générer une tension
de sortie globalement linéaire représentant la
position de la barre de commande sur l'enrou-
lement secondaire (S),
un moyen de détection (210, 220) servant à dé-
tecter la tension de sortie globalement linéaire,
le courant d'excitation à ladite première fré-
quence générant une tension de sortie non-li-
néaire lorsque la position de la barre de com-
mande est proche de la position de retrait com-
plet, caractérisé par un moyen (200, 180) pour
fournir un courant d'excitation ayant une secon-
de fréquence lorsque la tension de sortie du
moyen de détection devient non-linéaire parce
que la barre de commande est proche de la po-
sition de retrait complet, afin de rétablir la linéa-
rité de la tension de sortie du moyen de détec-
tion.

7. Dispositif selon la revendication 6, dans lequel la
première fréquence est d'environ 60 Hz et la secon-
de fréquence est d'environ 20 Hz.

8. Dispositif selon la revendication 7, dans lequel le
courant d'excitation est à environ 60 Hz lorsque la
barre de commande est dans une position comprise
environ entre 0 et 220 pas et à environ 20 Hz lors-
que la barre de commande est dans une position
comprise environ entre 221 et 231 pas.
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