
TESTING THE IMPACT DYNAMICS OF THE LISA PATHFINDER RELEASE
MECHANISM

D. Bortoluzzi1,3, E. Dalla Ricca1, D. Vignotto1, W. J. Weber2,3, and P. Sarra4

1Department of Industrial Engineering, University of Trento, Via Sommarive 9, 38123, Trento, Italy, Email:
daniele.bortoluzzi@unitn.it, edoardo.dallaricca@unitn.it, davide.vignotto@unitn.it

2Department of Physics, University of Trento, Via Sommarive 14, 38123 Trento, Italy, Email:
williamjoseph.weber@unitn.it

3Trento Institute of Fundamental Physics and Applications, Italian Institute of Nuclear Physics (INFN), Via Sommarive
14, 38123, Trento, Italy

4OHB-Italy, Via Gallarate 150, 20151 Milano, Italy, Email: paolo.sarra@ohb-italia.it

ABSTRACT

LISA Pathfinder (LPF, [1] and [2]) was an European Space
Agency mission that aimed at testing some key technologies
to be implemented in the first space gravitational waves ob-
server, LISA. LPF fulfilled the requirement set on the noise
level affecting the relative acceleration of two test masses
(TMs). Among the tested technologies, the grabbing posi-
tioning and release mechanism (GPRM) is designed to grab
the TM inside its housing and to inject it into free-fall ([3]).
Albeit being a successful mission ([4]), some criticalities
had to be overcome. The telemetry data show that the TMs
were released with residual velocities which routinely ex-
ceeded the requirements. Following analyses showed that
impacts between TM-GPRM took place at the release. The
study presented here exploits an on-ground experimental
set-up combined with the telemetry data, to propose an in-
terpretation of the mechanism response provides guidelines
for the design of the units for LISA.

1. INTRODUCTION

Inside the LPF spacecraft there are two gravitational ref-
erence sensors (GRS, [5], [6] and [7]), each containing a
TM (which is a cubed shaped 1.928 kg gold-coated Au/Pt
mass) hosted in a dedicated electrode housing (EH). Inside
each GRS, there is a GPRM that is composed of two similar
units (called top and bottom halves), located on two oppo-
site sides of the TM, along the z axis. Each half actuates a
cylinder, named plunger (nominally aligned with the z-axis,
diameter of 10 mm), that is designed to grab the TM inside
the electrode housing by engaging two pyramidal indents
machined on the center of its two z faces (see Figure 1).
The plunger is actuated along the z-axis by a piezo-walk lin-
ear positioner (Nexline) through a force sensor. Inside the
plunger, a coaxial gold tip (diameter of 0.8 mm) is actuated

by a voltage-controlled piezo stack actuator, located inside
the plunger. When the commanding voltage is zero, the tip
protrudes through a dedicated hole (diameter of 1 mm) from
the plunger head by approximately 50 µm according to the
CAD model of the mechanism. When full voltage is com-
manded (up to 120 V), the tip is displaced towards the TM
by approximately 15 µm. When the voltage is shorted the
tip retracts in less than 100 µs, thanks to a dedicated pre-
loaded spring. A redundant piezo-stack actuator is located
in series, separated by a spacer mass. It is worth noting
that, given the mechanism tolerance, the maximum admis-
sible eccentricity of the tip with respect to the plunger axis
is 0.1 mm.

Figure 1: Render of the TM and the plungers along with the
reference frame describing the TM position and attitude.

The science phase of the mission starts with the TM injec-
tion procedure, whose nominal steps are summarized in the
following. The first step is the grabbing of the TM and its
repositioning, which is achieved by moving the plungers
toward the TM until a certain preload force is reached (ap-
proximately 1 N). The second step is the handover: the tips
are extended and the plungers retracted, maintaining a con-
stant preload force (approximately 0.3 N). Once the han-



dover is completed, the nominal gap between the TM and
the plunger is 14 µm along direction z. The last step is the
actual release of the TM that is achieved by quickly and
simultaneously retracting the tips. The requirement on the
TM residual velocity are set equal to 5 µms−1 for the linear
components and 100 µrads−1 for the angular components.
However, given the system geometry, the TM should ac-
quire velocity only along the z direction (no x and y veloc-
ity components and no angular velocity components).
Unexpectedly, the mission telemetry data show that, for
the majority of the in flight releases, the TM residual ve-
locity components were different from zero along any di-
rection and non-compliant with the requirements. Typical
linear and angular velocity components were in the order
of 10 µms−1 and 1×103 µrads−1 respectively. Moreover,
the predominant component of the velocities was not the
z component ([8] and [9]). Additionally, the TM linear
momentum after the release lied almost totally on the x-z
plane, suggesting that the unexpected GPRM dynamics is
mainly planar ([9])). Interpreting what caused the GPRM
unexpected releases is a challenging problem, but the non-
compliant velocities can be explained by contacts between
the GPRM plunger surface and the TM, after the tip retrac-
tion. This hypothesis is investigated in [10], where a model
predicting the GPRM dynamics on the x-z plane is devel-
oped using a mixed experimental-theoretical approach. The
kinetic energy predicted by the GPRM model is compati-
ble with that measured during the in-flight reliable releases.
However, the picture of compatibility presented in [10] cov-
ers the GPRM dynamics only on the x-z plane. In order to
have a thorough understanding of the mechanism dynam-
ics, the analysis proposed in the following aims at char-
acterizing the mechanism dynamic response in both the x-
z and y-z planes, using a completely analytical approach.
The results are interpreted to develop two lumped electro-
mechanical models (one for each plane) of a single GPRM
unit. The physical parameters of the models are estimated
by means of an algorithm that simultaneously fits multiple
vibration signals, accounting for the shared parameters. The
proposed electro-mechanical models are used to analyse the
anomalous TM releases occurred in-flight and make it pos-
sible to draw some conclusions regarding the mechanism
design.

2. ON-GROUND TEST CAMPAIGN

The experimental setup used at the University of Trento
includes an engineering qualifying model of the GPRM,
which is screwed to a customized holding flange mounted
on an anti-vibration platform. In order to study the in-
plane motion of the mechanism, the test campaign consists
of acquiring several measurements of the GPRM oscilla-
tions, which are triggered by the retraction of the release
tip, by pointing a laser interferometer (sampling frequency
200 kHz) toward the GPRM in different locations, both on

the x-z and y-z planes. For each position in which the laser
is pointed, a set of ten measurements and five noise mea-
surements (not actuating the system) are performed. Ini-
tially the laser is pointed along the mechanism in the x di-
rection in four positions. The first position corresponds to
the laser pointed laterally at the linear runner (xlr). The sec-
ond position corresponds to the laser pointed at the flange
holding the GPRM (x f l): this measure is necessary to ver-
ify that the flange oscillations do not influence the GPRM
dynamic response. The third and the fourth positions cor-
respond to the laser pointed at the plunger surface in two
different locations: at the base of the plunger part that is
not hidden by the linear runner (xbase) and near its head
(xhead , see Figure 2a). Then, the mechanism is rotated by
90° around the y axis and the laser is pointed at the back of
the GPRM, parallel to the plunger axis and approximately
on the center of the sensor force (zbk). Once all measure-
ments on the x-z plane are performed, the GPRM is un-
screwed from the flange, rotated by 90° around the z axis
and finally it is screwed again to the holding flange. At this
point the laser, which is not moved during the entire test
campaign, is pointed to the mechanism in the y direction
and, similarly to what has been done on the x-z plane, the
mechanism oscillations in four different locations are ac-
quired (the corresponding laser positions are indicated with
ylr, y f l , ybase and yhead). It is worth noting that on the y-z
plane the zbk position is not acquired (because it is the same
of the x-z plane). For sake of simplicity, the measurements
performed only on the x-z plane are summarized in Figure
2b.

(a)

Plunger back

Linear runner

Plunger head

Tip

Supporting flange

Nexline
linear guide

Series of piezo-stacks
with spacer in between 

(b)

Figure 2: On the top, picture of the laser pointed at the
plunger head. On the bottom, schematic top section view
of the GPRM together with the summary of the tests per-
formed on the x-z plane. The red lines represent the laser
interferometer.



The acquisition time for each test is 2 s, while the tip re-
traction and the resulting mechanism oscillations last only
few ms. Furthermore, the time delay between the actua-
tion command and the actual tip retraction is not constant.
Therefore, each test has to be synchronized with the other
tests of the same data set and with the other tests of the other
data set. Then, the mean vibration signal of each synchro-
nized data set is computed and only its significant part is
considered (few ms of vibrations). In Figure 3 an example
of the mean signal and the standard deviation of the data
set from xhead is depicted, showing that the oscillations are
characterized by a good repeatability (SNR about 50).

Figure 3: Mean signal of the xhead data set along with its
standard deviation.

In Figure 4 the synchronized mean signals are plotted to-
gether.

Figure 4: Magnified plots of the mean signals on the x-z
plane (top graph) and on the y-z plane (bottom graph). At
t =1 ms the voltage commanding the tip is shorted and the
tip starts to retract causing the plunger to oscillate.

The amplitude of the axial mean signal (zbk, purple curve in
the top graph) is larger than any other plunger mean signal
(x̄base, x̄head , ȳbase and ȳhead , ratio of about 8) and than the
linear runner mean signals (x̄lr and ȳlr, ratio of about 18).
As a result, x̄lr and ȳlr are not considered in the following
analysis.
Once the post-processing of the collected data is completed,
the remaining 7 mean signals (x̄ f l , x̄base, x̄head , z̄bk on the x-
z plane; ȳ f l , ȳbase, ȳhead on the y-x plane) are used to fit the
analytical models explained in the next section.

3. ANALYTICAL MODELS AND FIT-
TING PROCEDURE

The first model to be described is the dynamic model on the
x-z plane, where the majority of the TM linear momentum
lies. The input to the model is the voltage V (t) commanding
the tip retraction. The model outputs are the axial motion of
the plunger back (zA(t)), the lateral motion of the plunger
back (xA(t)), the plunger rotation about the y axis (η(t)),
the motion of the spacer with respect to the plunger (µ3(t)),
the motion of the tip with respect to the plunger (µ4(t)) and
the charge flowing in the electrical circuit commanding the
piezo-actuator (q(t)). The model, which is schematically
depicted in Figure 5, is used to describe the planar motion
of three bodies: the plunger, the spacer and the tip. The
plunger is modelled as a body with mass m2 and moment
of inertia J2; its center of mass (CoM) is located longitudi-
nally at h2 and transversally at v2 (parameter that quantifies
the plunger CoM eccentricity) from its back. The plunger is
linked to the ground through axial spring kA,z, and through
lateral springs kA,x and kB,x and lateral dampers cA,x and cB,x.
The locations of the lateral springs and dampers with re-
spect to the plunger back are indicated as d1 and d2. The
spacer and the tip are modelled respectively as bodies with
mass m3 and m4 and their CoMs are located respectively at
(h3, v3) and (h4, v4) from the plunger back. They are con-
nected to the plunger through springs k3 and k4 and damper
c1 and to each other through spring k3 and damper c3. The
parameters kA,z, k3, k4, c1, c3 are known from the model de-
scribed in [7]; while the parameters h2, h3, and h4 are esti-
mated from the CAD model of the mechanism. The param-
eters v2, v3, v4, kA,x, kB,x, cA,x, cB,x, m2, m3, m4, d1 and d2 are
the unknowns quantities that have to be estimated through
the fitting procedure. Given the previous considerations, the
model is based on six linearized differential equations, de-
rived using Lagrange and Kirchoff laws together with the
constitutive equation of the piezo-stack actuator (Equation
1), which provides the exerted force Fp, j ( j ∈ {1,2}, where
Fp,1 refers to the piezo between tip and spacer and Fp,2 to
the piezo between plunger and spacer) ([11], [12] and [13]).{

Fp,1 = Temq(t)
Ca
− T 2

em(µ4(t)−µ3(t))
Ca

Fp,2 = Temq(t)
Ca
− T 2

em(µ3(t))
Ca

(1)



where Tem represent the piezo-effect, Ca the capacitance of
the piezo and q(t) the electrical charge flowing in the circuit
commanding the piezo.
In the following analysis, it is chosen to consider the piezo
Fp,2 since that its activation should cause the plunger to os-
cillate more. Indeed, being Fp,2 located before the spacer,
its actuation causes the retraction of both the tip and the
spacer. Instead, the actuation of Fp,1 implies that the tip
and the spacer are pulled against each other and, since that
they have comparable masses, the overall impulse received
by the plunger (m2) should be smaller with respect to the
previous case. According to Figure 5, the analytical motion
of the plunger points to which the laser is pointed can be
estimated, under the small angles assumptions, considering
the system of Equations 2.

zbk(t,β1) = zA(t)

xbase(t,β1) = xA(t)+η(t)hbase,x

xhead(t,β1) = xA(t)+η(t)hhead,x

(2)

Where β1 is the vector of the unknown parameter in the
x-z plane, hbase,x and hhead,x are the distances of the xbase
and the xhead laser positions from the plunger back and are
estimated from the CAD model of the mechanism.

Figure 5: Lumped-parameter electro-mechanical model of
the GPRM mechanism on the x-z plane. The degrees of free-
dom are highlighted in red. The angle γ is created by the
eccentricities of the spacer (v3) and the tip (v4).

These three analytical functions are used as fitting expres-
sions for respectively z̄bk, x̄base and x̄head . The fitting pro-
cedure, which account for the shared parameters, is based
on the weighted Levenberg-Marquardt algorithm ([14]),
hereby applied simultaneously to the three displacement
mean signals. The target function to be minimized χ(β1)

2

is defined in Equation 3.

χ(β1)
2 =

2

∑
j=1

( N

∑
k=1

(
x̄ j(tk)− x j(tk,β1)

σ j(tk)

)2)
+

N

∑
k=1

(
z̄bk(tk)− zbk(tk,β1)

σbk(tk)

)2
(3)

Where the variable tk represents the k-th sampling instant,
N is the total number of sampling points composing the j-th

measurement (with j ∈ {base,head}) and σ j(tk) is the stan-
dard deviation at the k-th time instant of the corresponding
mean signal.
Starting from the nominal value of the unknown parame-
ters, which can be estimated either from the CAD model of
the mechanism or from data sheets, the fitting procedure is
performed varying the parameters initial guess 10000 times
(in the range ±20% of their nominal value) in order to in-
crease the probability of finding the global minimum. The
randomization of the initial conditions is useful since the
fitting function is highly non-linear, and several local min-
ima are present. The fit that returns the lowest value of
χ(β1)

2 is called best fit and is shown in Figure 6, where the
measured mean signals (blue curves) and the fitting func-
tions (red curves) are plotted together with the bands ob-
tained propagating the model parameter uncertainties (cyan
curves).
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Figure 6: Magnified plots of the best fit result on the x-z
plane. At t =1 ms the voltage commanding the tip is shorted
and the tip starts to retract causing the plunger to oscillate
both axially and laterally.



The top graph refers to the plunger axial motion, the middle
and bottom graphs refer respectively to the motion of the
plunger points located at hbase and hhead from its back. It
is worth noting that the axial motion is approximately one
order of magnitude larger than the lateral motion.
The second model to be described is the one on the y-z
plane, which is shown in Figure 7. Regarding the model
outputs, the main differences with respect to the x-z plane
model are that xA(t) is replaced with the vertical motion of
the plunger (yA(t)) and that η(t) is replaced with the rota-
tion about the x axis (θ(t)). Similarly to the previous model,
the plunger, the spacer and the tip are modelled respectively
as bodies with mass m2, m3 and m4 (and moment of inertia
J2 for the plunger). The centers of mass of the three bod-
ies are located respectively at coordinates (h2, g2), (h3, g3)
and (h4, g4) from the plunger back. The plunger is fixed to
the ground axially through spring kA,z, and laterally through
springs kC,y and kD,y and dampers cC,y and cD,y. Similarly to
the previous model, the springs and the dampers are intro-
duced to simulate the Nexline linear guiding. The locations
of these springs and dampers with respect to the plunger
back are indicated as b1 and b2. The fitting parameters are
g2, g3, g4, kC,y, kD,y, cC,y, cD,y, m2, m3, m4, b1 and b2.

Figure 7: Lumped-parameter electro-mechanical model of
the GPRM mechanism on the y-z plane. The degrees of free-
dom are highlighted in red. The angle γ is created by the
eccentricities of the spacer (g3) and the tip (g4).

The analytical motions of the plunger points to which the
laser is pointed can be obtained considering the system of
Equations 4.

zbk(t,β2) = zA(t)

ybase(t,β2) = yA(t)+θ(t)hbase,y

yhead(t,β2) = yA(t)+θ(t)hhead,y

(4)

Where β2 is the vector of the unknown parameter in the y-z
plane, hbase,y and hhead,y are the distance of respectively the
ybase and the yhead laser position from the plunger back.
The same fitting procedure described previously is applied
also in this plane. In this case, the only difference is that
the initial values of m2, m3 and m4 are taken from the best
fit of the x-z plane. The best y-z plane fit returned by the

procedure is shown in Figure 8. The parameter values re-
turned by the best fit of each plane are summarized in Table
1, where the first half of the Table refers to the parameters
on the x-z plane while the second to the parameters on the
y-z plane. In particular, the tip eccentricities v4 and g4 lead
to the conclusion that the tip is nearly touching the plunger
head (in particular along the y direction, since the maximum
admissible eccentricity is 0.1 mm).

0.00100 0.00105 0.00110 0.00115

-5.×10-7

0

5.×10-7

1.×10-6

1.5×10-6

2.×10-6

Time (s)
D
is
p
la
c
e
m
e
n
t
(m

)

0.00100 0.00105 0.00110 0.00115

-2.×10-7

0

2.×10-7

4.×10-7

Time (s)

D
is
p
la
c
e
m
e
n
t
(m

)

0.00100 0.00105 0.00110 0.00115

-2.×10-7

0

2.×10-7

4.×10-7

6.×10-7

Time (s)

D
is
p
la
c
e
m
e
n
t
(m

)

Figure 8: Magnified plots of the best fit result on the y-
z plane. At t = 1 ms the voltage commanding the tip is
shorted and the tip starts to retract causing the plunger to
oscillate both axially and laterally.

It is worth noting that this consideration is compatible with
the actual configuration of the mechanism, as it can be seen
in the picture taken during its integration, reported in Figure
9.



Figure 9: Picture of the plunger head (diameter of 1 mm)
and the tip showing the release tip eccentricity.

Table 1: Parameters describing the GPRM lumped param-
eter models.

Parameter Value

v2 4.195 mm
v3 0.106 mm
v4 0.024 mm

kA,x 1.107×108 kgs−2

kB,x 1.059×105 kgs−2

cA,x 10.037 kgs−1

cB,x 5.8331 kgs−1

m2 0.012719 kg
m3 0.001918 kg
m4 0.000367 kg
d1 0 mm
d2 17 mm

g2 0.419 mm
g3 −1.818 mm
g4 −0.077 mm

kC,y 1.383×107 kgs−2

kD,y 8.868×107 kgs−2

cC,y 11.055 kgs−1

cD,y 10.698 kgs−1

m2 0.013075 kg
m3 0.001915 kg
m4 0.000376 kg
b1 19 mm
b2 7 mm

4. ESTIMATION OF THE PLUNGER MO-
TION

According to Figures 5 and 7, the analytical motion of the
plunger results fully described considering the position and
the attitude of its CoM, both on the x-z plane (Equations 5)
and the y-z plane (Equations 6). The estimated trajectories
of the plunger CoM are shown in Figure 10. The top graph
refers to the trajectory on the x-z plane, the bottom to the
trajectory on the y-z plane. The values on the axes refer to

the displacements of the CoM with respect to its initial posi-
tions (i.e. (h2, v2) and (h2, g2) in the fixed reference frame,
which is located at the plunger back when the plunger is
still).

zG(t,β1) = zA(t)+ cos(η(t))h2− sin(η(t))v2

xG(t,β2) = xA(t)+ sin(η(t))h2 + cos(η(t))v2
(5)

zG(t,β2) = zA(t)+ cos(θ(t))h2− sin(θ(t))g2

yG(t,β2) = yA(t)+ sin(θ(t))h2 + cos(θ(t))g2
(6)
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Figure 10: Trajectory of the plunger center of mass on the
x-z plane (a) and on the y-z plane (b). The blue points rep-
resent the positions at the initial time instant, the red points
the positions at the final time instant.

Similarly, it is possible to estimate the trajectory of the ex-
pected contact point C considering its position with respect
to the plunger back. This analysis, however, is restricted
only on the x-z plane, since the work presented in [9] sug-
gests that the GPRM dynamics is mainly planar. On this
plane, even if it is not possible to know a priori the ex-
act location of C on the plunger, the particular geometry
of the mechanism limits its position to a narrow region
with respect to the dimensions of the bodies (see Figure
11). Called l1 the distance, along the plunger axis, from



the plunger CoM (whose position is estimated considering
the best fit parameters) to C and l2 the radial distance from
the plunger CoM to C, the contact point position as a func-
tion of time can be obtained considering Equations 7. The
analytical trajectory of C is shown in Figure 12. The z-axis
and x-axis of the Figure refer respectively to the values of
axial and lateral displacements reached by C with respect to
its initial position (i.e. coordinates (h2 + l1, v2 + l2) in the
fixed reference frame).

zc(t,β1) = zG(t,β1)+ncos(η(t,β1)+ arctan(
l2
l1
))

xc(t,β1) = xG(t,β1)+nsin(η(t,β1)+ arctan(
l2
l1
))

(7)

where n is equal to
√

l2
1 + l2

2 .

Figure 11: Region of possible contact estimated from the
CAD model of the mechanism.
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Figure 12: Trajectory of the contact point on the x-z plane.
The blue points represent the positions at the initial time
instant, the red points the positions at the final time instant.

The analysis of the contact point trajectory is carried out
considering three cases. In the first, the trajectory is esti-
mated reducing the tip and plunger eccentricities (respec-
tively v4 and v2) of 100 times their best fit values while
keeping the other parameter values. In the second, the tra-
jectory is estimated using the analytical functions obtained

activating Fp,1 (i.e the piezo between spacer and tip) and
evaluated using the best fit parameter values. In the third,
the position and attitude of the contact point can be com-
puted according to Equation 7, where the position and at-
titude of the plunger CoM are now estimated considering
Equation 8, which represent the coordinate transformation
between a reference frame fixed to the plunger CoM (sub-
script m) and the ground reference frame (subscript f ).(

zi, f (t)
xi, f (t)

)
= R(η(t))

(
zi,m(t)
xi,m(t)

)
+

(
zG(t)
xG(t)

)
(8)

where i ∈ {bk,base,head}; R(η(t)) is the rotation matrix
between the mobile and fixed frames; zbk, f , xbase, f and
xhead, f represent respectively z̄bk, x̄base and x̄head ; xbk, f ,
zbase, f and zhead, f are respectively 0 (because point A in Fig-
ure 5 coincides with the center of the plunger back), hbase
and hhead ; and zi,m and xi,m are the positions in which the
laser is pointed expressed in the moving reference frame.
In Figure 13 the trajectories obtained with the three ap-
proaches are plotted together with the analytical trajectory
estimated previously (red curve). The blue curve refers to
the trajectory computed considering the mean signals. The
green curve refers to the trajectory obtained reducing the ec-
centricities v4 and v2 and keeping the other best fit param-
eters. The yellow curve refers to the trajectory estimated
activating Fp,1 together with the reduction of the tip eccen-
tricities. Two considerations can be made by comparing the
trajectories. The first one is that the ratio between the maxi-
mum axial positions reached by the yellow curve and by the
other curves is approximately 0.1. The second one is that
the lateral displacement of the yellow curve is visibly neg-
ligible with respect to the lateral displacement of the other
curves, in particular with respect to the trajectories where
the tip eccentricities are not reduced (i.e. blue and red tra-
jectories).
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Figure 13: Trajectory of the contact point on the x-z plane:
the blue points represent the positions at the initial time in-
stant, the red points the positions at the final time instant.
The axes values refer to the positions reached by C with re-
spect to its initial state (i.e. coordinates (h2 + l1, v2 + l2) in
the fixed reference frame).



According to these considerations, it is possible to proposes
guidelines for the design of the units for the LISA mis-
sion. An accurate machining and assembly procedure of
the GPRM may reduce significantly the lateral oscillations
of the plunger at the activation of the piezo stack actuator.
Moreover, a better dynamic balancing of the actuation may
reduce also the axial oscillations. The combination and re-
finment of the proposed strategies may reduce the risk of
impacts of the plunger at the release of the test mass.

5. CONCLUSION

The analysis of the LPF in-flight telemetry data demon-
strates that the TMs were released with velocities non-
compliant with the requirements, suggesting that impacts
between plunger and TM took place at the tip retrac-
tion. This consideration is investigated and verified in [10],
where a mixed analytical-experimental approach is used.
Starting from the results obtained with that approach, the
analysis proposed in this work implements a completely an-
alytical approach to propose an interpretation of the mech-
anism dynamic response. The final results of the analysis
offer significant guidelines for the design of the units for
the forthcoming LISA mission.
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