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Abstract
Hydraulic testing machines can be used to obtain dynamic stiffnesses of rubber isolators in
translational degrees of freedom (DoF) up to a few hundred Hertz. Substructuring methods may
identify the dynamic properties also in rotational DoF while requiring only standard vibration
testing equipment. Results of two substructuring methods will be compared to those from a
hydraulic machine. Both use rigid fixtures, mounted to the bottom and top of the isolators.
Frequency based substructuring requires knowing the rigid fixtures dynamics to decouple them.
Inverse Substructuring does not require the fixtures dynamics, but is assuming negligible mass
and a special stiffness matrix topology of the isolator. Both methods produce accurate results
for translational and rotational DoF up to the kilo Hertz range. Nevertheless, frequency based
substructuring does not rely on specific isolator assumptions, which could not be justified.

Keywods: rubber isolators, frequency based substructuring, inverse substructuring, virtual point
transformation.

1 Introduction

Optimizing the vibration behavior of a mechanical system frequently requires knowledge about
rubber isolators’ dynamic properties. These depend on many different factors, such as static
preload, temperature and vibration amplitude [1]. Many researchers investigated methods for
identifying the frequency dependent modulus and damping of the rubber material. In [2], the
authors compare different formulations for the complex modulus whose parameters are fitted
to transmissibility measurements. Approaches of this kind are very valuable if the intent is to
model and modify the geometry of the rubber mount for a specific application. However, the
intent in this paper is not to model the material of the rubber, but more globally, to identify the
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dynamic properties of readily available isolator elements with different materials and geome-
tries. The authors of [3] perform shaker and hammer measurements on a mass sitting on top of
the rubber mount. They compare different methods for identifying the complex stiffness of the
mount in this single degree of freedom (DoF) configuration. It is proposed to use a complex
stiffness, which is a piecewise frequency depended polynomial, fitted to the measurement data.
Recently, some research was focused on identifying isolator properties from pure frequency re-
sponse function (FRF) measurements of an assembly containing the rubber elements [4] via a
method which we think was first published under the name of "inverse substructuring" [5, 6].
This method assumes a special topology of the isolator matrix and negligible mass of the rubber
isolators. In [7] the authors use the same assumptions to identify the properties of the structures
connected by the isolators. However, they reformulate the equations so that only a smaller sub-
matrix needs to be inverted, which makes the operation less sensitive to measurement errors. In
this paper, we describe and compare a classic substructuring approach and the inverse substruc-
turing method for obtaining rubber isolators dynamic stiffnesses up to the kilo-hertz frequency
range in translational and rotational DoF.

2 Experimental modeling

This section gives an overview of the performed measurements and introduces the notation used
throughout the paper. This includes the derivation of 6-DoF dynamic models from standard
measurements with hammer impacts and triaxial accelerometers, via virtual point transformation
(section 2.1), the modeling of the fixtures as rigid bodies (section 2.2) and an explanation of the
validation measurements performed on a servo hydraulic testing machine (section 2.3).

2.1 Six degree of freedom model of rubber isolators

As hammer impacting directly at the end of a rubber isolator I is practically infeasible, it was
attached to two fixtures in the form of crosses. An upper cross A and a lower cross B, resulting
in the assembly AIB (see figure 1b).

The crosses were designed so that one can apply hammer impacts that excite all translations and
rotations at the connection to the rubber isolator. The sensors are mounted at well-defined posi-
tions which can observe all translations and rotations of the cross (cf. figures 1a and 2). During
the impact measurements on the freely suspended assembly AIB (cf. figure 1a), 16 points on
the upper cross A and 16 points on the lower cross B were excited with hammer impacts. Re-
sponses were measured with 4 triaxial accelerometers on either cross, resulting in a 24×32 FRF
matrix YAIB

uf (ω), where u indicates the responses in the measurement channels of the sensors, f
indicates the hammer impacts and ω denotes the frequency dependence. The explicit frequency
dependence of FRF matrices Y and dynamic stiffness matrices Z will be omitted in the rest of
the paper. The measurements were performed on a Mueller-BBM MK2 data acquisition system
and the rubber temperature was at 21◦C. Each FRF was estimated from at least 3 averages with
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Figure 1: (a) Measurement setup: rubber isolator between upper and lower fixture hung up with rubber
bands. (b) Schematic: free-free measurement of isolator I between fixutures A and B, resulting in the
FRF matrix of the assembled system YAIB . (c) Admittance YI of the sole rubber isolator which is to
be determined. Vectors q1 and q2 describe the rigid body responses at the top and bottom of the rubber
isolator respectively. Vectors m1 and m2 contain the translational and rotational excitations.
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Figure 2: Upper fixture A with measured sensor accelerations u, applied hammer impacts f , transformed
rigid body DoF q1 and forces and moments m1 around virtual point 1 (indicated as green point).

an H1-estimator. The DoF on the upper cross will be given the subscript (?)1 and the ones on
the lower cross the subscript (?)2. The measured FRF can thus be partitioned as:

YAIB
uf =

[
Y11 Y12

Y21 Y22

]AIB

uf

. (1)

The measured FRF matrix YAIB
uf shall be transformed to a matrix YAIB

qm which contains trans-
lational and rotational responses (contained in the vector q) to applied loads and moments (con-
tained in the vector m),

q =

[
q1

q2

]
, m =

[
m1

m2

]
. (2)

The rotations and moments are defined around a so-called ’virtual point’. The positions of
sensors and hammer impacts with respect to the virtual point on the upper cross A are shown in
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figure 2. For given rigid body motions q, it is straightforward to derive the resulting motion in
each of the sensor channels u (provided the position and orientation of the sensors with respect to
the virtual point is known. The assumed sensing position is in the center of the sensor housing.):

u = Ruq, (3)

where the matrix Ru contains the information about position an orientation of each sensor chan-
nel with respect to the virtual points. For more information on how to create Ru see e.g. [8].
Similarly, for a given vector of applied forces at the hammer impact points f , it is possible to
calculate the resulting forces and moments around the virtual points m:

m = RT
f f , (4)

where the matrix Rf contains the information about position and orientation of each hammer
impact with respect to the virtual point (see [8]). In order to transform the measured YAIB

uf to
YAIB

qm , it is necessary to derive the inverse relationships of equations (3) and (4), which can be
done with e.g. a least squares projection for the displacements and a constrained minimization
for the forces:

q = (RT
uRu)

−1RT
u︸ ︷︷ ︸

Tu

u f = Rf (R
T
f Rf )

−1

︸ ︷︷ ︸
TT

f

m, (5)

where Tu and Tf are the transformation matrices for the displacements and forces respectively.
See [9] for an explanation of the minimizations involved in the derivation of the transformation
matrices (including the possible use of weightings for single sensor channels and force inputs).
With the above relationships, the measured FRF matrix YAIB

uf can be transformed to an FRF
matrix containing the rigid body motions around the virtual points YAIB

qm :

YAIB
qm = TuYAIB

uf TT
f . (6)

For the rest of the paper the subscript (?)qm will be dropped. Implicitly, it will be assumed that
all DoF are in the form of rigid body motions in the two virtual points.

Remark 1: When using (6) with measured data, it is mandatory to ensure high quality
of the measurements. One way of doing so is to use the consistency metrics defined in
[8]. Before performing the measurement, one should also check the noise level in the
single sensor channels. Recording just the noise floor in the channels, it was found that
the noise in one sensor channel was around 50dB higher than for all others. Interchang-
ing cables and connectors on the data acquisition system led to the conclusion that it
was actually a broken channel of the sensor itself. The FRFs measured with this sensor
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channel reflected the significantly higher noise level. In figure 3, two different FRFs that
should be equal (due to symmetry of the assembly AIB) are compared: one measured
with the broken channel and the other with an intact sensor. Due to over determination
of the transformation, it is not necessary to keep the noisy sensor channel in the trans-
formation. In this case, it is recommended to take the noisy channel completely out of
the transformation (deleting the corresponding row from YAIB

uf and Ru). The result of a
transformed FRF which is particularly influenced by the response in the broken channel
is shown in figure 4, for keeping and neglecting the data of this channel.
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Figure 3: FRF measured with the broken
channel compared to intact channel.
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Figure 4: Virtual point transformed FRF for
a rotational DoF which is particularly af-
fected by the broken channel.

2.2 Analytical model of the crosses

The crosses where designed to behave like a rigid body in the frequency range of interest. Their
first flexible mode is found at 4489Hz. The crosses dynamics where modeled by their mass and
rotational inertia from the CAD model, and an additional correction for the mass of the sensors.
The rigid body assumption was found to be reasonable up to 2000Hz. It is also important to
note that the virtual point V does not correspond to the center of gravity G (cf. figure 5). The
dynamic stiffness of a freely suspended, rigid cross Z is given by:

Z = −ω2M = −ω2

[
mtotI −mtotr̃V,G

mtotr̃V,G ΘV

]
, (7)

where M is the mass matrix of the cross plus sensors, for the six rigid body degrees of freedom
around virtual point V . I is a 3× 3 identity matrix, rV,G is the vector from the virtual point V to
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Figure 5: Position of total center of gravity G, center of gravity for the cross without the sensor masses
C, the sensor positions Si and the virtual Point V . Connecting vectors are indicated as r.

the center of gravity G and ΘV is the rotational inertia of the cross plus sensors. The notation r̃
is the matrix representation for the cross product with the vector r. Note that r̃T = −r̃ and thus
the mass matrix M is symmetric.

The total mass mtot and the rotational inertia ΘV are given by:

mtot = mc + 4ms, (8)

ΘV = Θcross
C +mc(||rV,C ||2I− rV,CrTV,C)︸ ︷︷ ︸

rot. inertia of cross around V

+
4∑

i=1

ms(||rV,Si ||2I− rV,Sir
T
V,Si

)

︸ ︷︷ ︸
rot. inertia of sensors

, (9)

where mc is the mass of the cross and ms is the mass of one sensor. The mass of the sensors
with cable-connector was measured on a fine scale to 7.51 gram. The sensors where all PCB
Model TLD356A32. The rotational inertia of the cross around its center of gravity Θcross

C and
the position of its center of gravity C, was taken from the CAD software. The vector from the
virtual point to the total center of gravity of cross plus sensors is:

rV,G =
1

mtot

[
mcrV,C +

4∑

i=1

msrV,Si

]
. (10)

2.3 Validation measurements on hydropulse

For validation of the two methods, the rubber isolators where tested on a servo hydraulic testing
machine, or in short: "hydropulse". The machine controls the vibration amplitude and frequency
on the upper connection bolt of the rubber, and measures the reaction force on the lower con-
nection (see figure 6a for a schematic depiction of the measurement principle). The controlled
vibration amplitude is measured within the hydraulic cylinder at the top of the machine. The
fixtures needed for mounting the rubber isolators in the machine are considered to be rigid in the
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freq. range [Hz] freq. resolution [Hz] vibration amplitude [mm]
lower 3− 200 1 0.1

medium 20− 400 10 0.03

higher 100− 900 20 0.01

Table 1: Test cycles performed on the rubber isolator with the hydropulse machine.

q̂1

m2

(a) (b) (c)

Figure 6: Overview of the hydropulse measurements. (a) Measurment principle with controlled vibration
q̂1 on the top and force measurement m2 at the bottom. This corresponds to measuring single entries
in the off-diagonal stiffness matrix Z21. (b) Measurement setup for radial stiffness measurement. (c)
Measurement setup for axial stiffness measurement.

frequency range of interest. If this assumption holds, then the displacement of the upper isolator
connection bolt is the same as the one controlled in the hydraulic cylinder. The stiffnesses were
measured in the axial (z-direction in figure 5) and radial direction (since the rubber mount is
axis-symmetric, any direction in x − y plane in figure 5). The setups for the radial and axial
measurements can be seen in figure 6b and figure 6c respectively. During the measurements,
the preload of the rubber isolators can be adjusted, so that the dynamic stiffnesses are measured
around this operating point. In all reference measurements shown, the preload was 20N . De-
pending on the frequency range of interest, the vibration amplitude was adjusted. In total 3,
different frequency ranges where tested (see table 1).

3 Substructuring methods for identification of rubber isola-
tor properties

The goal of this section is to introduce the two methods that were investigated for obtaining the
dynamic properties of a rubber isolator from the virtual point transformed FRF matrix YAIB .
Therefore, we review the (de-)coupling process in the primal formulation in section 3.1. In
section 3.2, the specific assumptions for the inverse substructuring method are explained and
the results are compared to the hydropulse measurements. In section 3.3, these assumptions are
tested for validity by comparing them to the results of the primal decoupling method, which does
not rely on any assumptions about the isolator.
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3.1 Primal (dis-)assembly of dynamic stiffness matrices

Assume the dynamic stiffness matrix of the rubber isolator ZI shall be coupled to the upper
cross ZA. In the coupled configuration, there will be connection forces g1 acting on the interface
between both substructures:




ZA
11 0 0

0 ZI
11 ZI

12

0 ZI
21 ZI

22







qA
1

qI
1

qI
2


 =




mA
1 + gA

1

mI
1 + gI

1

mI
2


 . (11)

When coupling any two structures to each other the following conditions must be fulfilled: Com-
patibility of displacements and Equilibrium of forces. Compatibility states in the above case that
qA
1 = qI

1. When using the so called ’primal’ assembly, the two separated variables on either side
of the interface are replaced by one global variable qAI

1 := qA
1 = qI

1, so that the compatibility
condition is automatically fulfilled:




ZA
11 0

ZI
11 ZI

12

ZI
21 ZI

22



[
qAI
1

qI
2

]
=




mA
1 + gA

1

mI
1 + gI

1

mI
2


 . (12)

Remark 2: The notion of ’primal’ assembly is related to the fact that the displacements
q are usually the ’primal’ variables for which the equations are being solved in mechan-
ics. The ’dual’ variables are the connection forces, which can be solved for in a post
procesing step. For an interesting discussion regarding the distinction between primal
and dual variables in engineering generally, see [10, chapter 2.5].

The next coupling condition is the equilibrium, requiring that the coupling forces on either side
of the interface are equal in magnitude, but have opposite sign (actio est reactio): gA

1 = −gI
1.

Adding the first two lines of (12) and considering the equilibrium condition yields the coupled
stiffness matrix:

[
ZI
11 + ZA

11 ZI
12

ZI
21 ZI

22

]

︸ ︷︷ ︸
ZAI

[
qAI
1

qI
2

]
=

[
mI

1 + mA
1

mI
2

]
, (13)

which corresponds to the stiffness matrix assembly well known from e.g. finite element model-
ing. Coupling also the lower cross B then yields the stiffness matrix of the whole assembly,

ZAIB =

[
ZA
11 + ZI

11 ZI
12

ZI
21 ZB

22 + ZI
22

]
. (14)
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Figure 7: Schematic depiction of the assumed "DoF to DoF " topology of the joint elements for the
inverse substructuring approach.

Formulated loosely, when coupling dynamic stiffness matrices, the coupling process comes
down to just "adding the overlapping matrix parts". As can be seen from (14), the uncoupled
stiffness ZI of the rubber isolator alone can be found from "subtracting the dynamic stiffness of
the structures A and B" from ZAIB .

3.2 Inverse Substructuring

The description in this section is following [11]. When coupling two substructures via a resilient
isolator, the assembled ZAIB will always have the form of (14). Experimentally, we can measure
the FRF matrix and invert it to obtain the dynamic stiffness of the assembly ZAIB = (YAIB)−1.
Inverse substructuring uses the fact that the off-diagonal terms in (14), are a property of the
rubber isolator alone:

ZAIB
21 = ZI

21, ZAIB
12 = ZI

12. (15)

Assume the isolator connects the DoF of the two virtual points with the special topology shown
in figure 7, i.e. each DoF on one side of the interface is only coupled to one DoF on the other
side and there are no cross couplings with any other DoF . The depiction of springs in figure 7 is
just for didactic purposes. Of course there can be any kind of frequency dependent stiffness and
damping properties inherent in the links depicted as mere springs. Additionally, it is assumed
that the joint element (i.e. the rubber) has negligible mass. If these assumptions hold, then the
stiffness matrix of the rubber isolator has the following properties:

ZI
11 = −ZI

12 = −ZI
21 = ZI

22, (16)

where in the general case ZI
11 and therefore also ZI

12 have to be diagonal matrices. Thus, by
simply inverting the measured FRF matrix of the assembly, the whole rubber isolator can be
identified from just taking the off-diagonal blocks of the matrix (provided that the above stated
assumptions hold). Hence, the name "inverse substructuring". In this case it is trivial to derive
the dynamic stiffnesses of the two separate substructures A and B from the measurements:

[
ZA
11 0
0 ZB

22

]
=

[
ZA
11 + ZI

11 ZI
12

ZI
21 ZB

22 + ZI
22

]
−
[
ZI
11 ZI

12

ZI
21 ZI

22

]
. (17)
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Figure 8: Axial direction: Comparison of hydropulse with inverse substructuring results.
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Figure 9: Radial direction: Comparison of hydropulse with inverse substructuring results.

This comes with the great practical advantage that it is not necessary to know anything about the
dynamic properties of the two structures A and B which are coupled by the isolator. Thus, one
is able to identify the dynamic properties of all involved substructures A, B and I separately
from only one set of measurements performed on the assembly AIB.

Just as with inverse substructuring, the hydropulse identifies the off-diagonal stiffness terms
ZI
21 (see figure 6) of the isolator in the axial and radial direction. In figure 8, the hydropulse

measurements (details listed in table 1) are compared to the results from the inverse substruc-
turing approach in axial direction. In the figure, both entries containing the axial-axial stiffness
from the two off diagonal matrices Z12 and Z21 are shown. In figure 9, the results in the radial
direction are compared.

As can be seen in figure 8 the magnitude of the axial stiffness identified from the inverse sub-
structuring fits the hydropulse measurements well for frequencies higher than 30Hz. The phase,
which is important for a good damping estimate, is more difficult. This is assumed to be due to
slight phase errors in the acceleration sensors. The same argument for the magnitude and phase

4008 PROCEEDINGS OF ISMA2018 AND USD2018



St
iff

ne
ss

[N
/m

]

Decoupling ZI11 Inv. Substr. ZI21
Decoupling ZI22 Inv. Substr. ZI12

101 102 103
−180
−90

0
90

180

Frequency [Hz]

A
ng

le
[◦

]

Figure 10: Axial direction: Comparison of off-diagonal (ZI12, ZI21) and diagonal (ZI11, ZI22) entries.

can be made for the radial direction in figure 9. However, for higher frequencies the deviation
of stiffness magnitude between hydropulse and the inverse substructuring is higher.

3.3 Validation of the inverse substructuring assumptions

The dynamic stiffness of upper and lower cross, ZA and ZB respectively, is known from (7).
Therefore, it is straightforward to perform the decoupling of both crosses in the primal formula-
tion:

[
ZI
11 ZI

12

ZI
21 ZI

22

]
=

[
ZA
11 + ZI

11 ZI
12

ZI
21 ZB

22 + ZI
22

]
−
[
ZA
11 0
0 ZB

22

]
. (18)

Obviously, the entries on the off-diagonals are unchanged by the decoupling, but it is now possi-
ble to investigate the assumptions underlying the inverse substructuring approach by comparing
the main- and off-diagonal entries. For other decoupling formulations see [12].

In figure 10, the axial stiffness values taken from the diagonal (ZI
11 and ZI

22) are compared
to those from the off diagonal terms. If the assumption of negligible rubber mass holds, then
they should be the same apart from a negative sign, i.e. a 180◦ phase shift (see (16)). This
is true for the low frequency spectrum up to around 100Hz. For higher frequencies there is a
clear resonance (showing as a dip in the stiffness magnitude) visible in the entries of the main
diagonal.

A quick investigation of this resonance can be done assuming the rubber isolator to be a lumped
mass and stiffness model. When using the static axial stiffness and half of the rubber isolator
mass (including bolts and nuts, see figure 1c), one can compute the resonance of a single DoF
oscillator resulting in 257Hz. The actual resonance appearing in figure 10 is at 278Hz. The
higher value may be attributed to dynamic stiffening of the rubber and the fact that the mass of
the rubber is not lumped but continuously distributed. The slope of the main diagonal entries
for higher frequencies in figure 10 is indicating a quadratic increase of stiffness with frequency,
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Figure 11: Rotation around z: Comparison of off-diagonal (ZI12, ZI21) and diagonal (ZI11, ZI22) entries.
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Figure 12: Coupling stiffness between translations in y direction and rotations around x axis.

typical for a "mass line". The results for the radial directions show similar behavior. So it may
be argued that the rubber isolator mass does play a significant role for the rubber stiffness at
higher frequencies.

The phase of the main diagonal terms should be between 0◦ and 180◦ for a rubber isolator with
positive damping [13]. Again, there seems to be an error of a few degrees in the phase, which is
assumed to be due to a phase error in the acceleration sensors.

In figure 11, the off-diagonal and main diagonal entries for the rotational stiffness around the
z-axis are compared. Similar effects can be observed here: up to around 100Hz, the off-diagonal
terms deviate only in a 180◦ phase shift from the main diagonal entries, as expected. For higher
frequencies, clear influences of the isolator mass can be observed. The phase error here is more
apparent and the magnitude seems more affected by noise than in the axial direction.

In figure 12, the coupling stiffness between the x-translation and y-rotation in the main diagonal
matrices Z11 and Z22 are compared. In the experiments, one can observe that there is a clear
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coupling between the radial directions and the rotation around the axis perpendicular to it. This
is by no means surprising since it is the normal behaviour of e.g. a beam. However, this violates
the no-cross coupling assumption of the inverse substructuring (see figure 7).

4 Discussion

Non-linear effects in dynamic behaviour of rubber isolators
As has been mentioned in section 2.3, the measurements on the hydropulse have been performed
with a static preload of 20N. They have also been tested with 120N preload, which did not yield
significantly different results. However, there is a nonlinear effect depending on the maximum
displacement during the vibration in the time domain. Rubber generally behaves stiffer if the
maximum transient displacement in time is small, e.g. in a harmonic test with only one ex-
citation frequency like on the hydropulse (see table 1). When excited by a broad spectrum of
frequencies, like real operating conditions in a car or in the case of an impact like in the tests per-
formed in this paper, the rubber material behaves softer. In these cases the maximum transient
displacement is higher due to the superposition of multiple frequency components. The soft-
ening with higher transsient displacements can be attributed to the elastomer molecule chains
in the material, which start to unfold from a compact packaging in the idle position, to a more
flexible structure when subjected to larger dynamic displacements. For a detailed discussion of
this effect see [14]. In [15], it is shown that this change of stiffness is more prominent for higher
frequencies than for lower frequencies. This effect might explain the higher stiffness measured
with the hydropulse in the high-frequency-range when compared to the inverse substructuring
(see figure 8 and 9).

Rigidity of Hydropulse fixtures
It is not sure whether the fixture for holding the rubber isolators in the hydropulse is behaving
rigidly in the whole frequency-range. This may be another explanation for the deviations be-
tween the inverse substructuring results and the hydropulse measurements at higher frequencies.
Especially the rigidity of the fixture that holds the rubber isolator during the radial measurements
seems to be questionable (see figure 6b and the results in figure 9).

Phase errors in acceleration sensors
Apparently, the phase in the identified stiffness is not stable and not physically meaningful for
frequencies out of a band of approximately 80 − 300 Hz. The untransformed FRFs are also
showing these errors in the identified phase. An accelerance driving point FRF should always
have a positive phase [13]. A negative phase would indicate negative damping, which is impos-
sible in a passive system. A quick check on a driving point FRF in the measured matrix YAIB

uf

(impact f10 and the coressponding channel of the adjacent sensor, see figure 2), shows a nega-
tive phase of about 2◦ at 500Hz which is growing to approximately 7◦ at 2000Hz. The virtual
point transformation seems to be helpfull by averaging out the different phase errors of single
sensors, but also here some driving point FRFs in YAIB

qm have a negative phase (growing from
about−0.8◦ at 500Hz to−2◦ at 2000Hz). Different sensor manufacturers specify different max-
imum phase error for their sensors. However, we could not yet find manufacturer specifications
for the sensors used in this paper. The decoupling of the cross masses amplifies slight errors
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in the phase even more. When the cross masses are decoupled the ratio of purely real stiffness
(k − ω2m) to the damping terms (iωd) is even lower. This might explain the bigger deviations
in phase for those entries where the rubber has negligible effective mass of its own (see e.g. the
rotation around the z-axis in figure 11).

5 Conclusion

This paper investigated the performance of experimental techniques for identifying 6-DoF dy-
namic models of rubber isolators. The results suggest that it is possible to achieve a good agree-
ment in the stiffness magnitudes up to the kilo-Hertz frequency range. It is thereby possible
to obtain dynamic stiffness values of rubber isolators in more degrees of freedom and up to a
higher frequency range than usually possible, even with an expensive hydropulse testing ma-
chine. However, the estimation of good damping values from the measurements is currently
hindered by phase errors in the FRF measurements. Furthermore, the stiffness values on the
off-diagonal obtained with the inverse substructuring approach have been successfully validated
against the hydropulse measurements. Nevertheless, the underlying assumptions of the inverse
substructuring method could not be validated. First, the mass of the rubber isolators seems to be
not negligible. The influence of the neglected rubber mass however, would depend on the mass
of the assembly in which rubber isolators shall be included later. Second, the assumption of no
cross couplings between different DoF over the interface was shown to be untrue (see figure 12).
It is therefore recommend to use a full decoupling to obtain rubber element properties that can
be used for modeling a larger assembly.
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