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Introduction 

For the source characterization of structure-borne sound, the 
direct measurement of forces is a common approach. To get 
receiver-independent blocked forces, the device under test 
(DUT) is therefore fixed to a massive and rigid mass block. 
For practical reasons, the force measurement is often set up 
with pre-tensioned force sensors between two plates. While 
the DUT is in an active state, the operational forces are 
measured directly. 

An alternative - and in terminology of blocked forces 
equivalent - approach is the indirect determination of the 
blocked forces with the in situ method according to ISO 
20270 [1]. As the operational forces are not measured directly, 
this inverse method needs a two-stage-approach. First, the 
determination of frequency response functions (FRFs) 
between degrees of freedom (DOFs) at both the discretized 
interface and suitable indicator DOFs at the receiving 
structure and at validation DOFs beyond the interface. 
Second, the measurement of motion at the formerly used 
interface DOFs during an operational state of the DUT. In the 
indirect method, careful measurements with minimal errors 
are required, as the matrix of measured FRFs needs to be 
inverted for the determination of the desired blocked force 
vector.  

The aim of this study is to directly compare both methods on 
an identical test object with unique interface. A 
comprehensive introduction into the related component-based 
transfer path analysis (TPA) is given by M. van der Seijs et al. 
[2]. 

This experimental work focuses on the omission of a physical 
DUT, which then is substituted by an artificial force excitation 
at the interface to the mass block. It can be shown that for an 
identical interface definition both methods lead to the same 
blocked force results within the expected frequency ranges. 
Also, the limitation of both methods will be discussed. 
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Measurement setup 

The representation of the direct measurement can be 
understood as a force, acting against an ideally rigid 
foundation, see figure 1.  

 

Figure 1: Idealized blocked force assumption for the direct 
measurement 

The technical approximation of this model is to block the 
movement of the foundation by a heavy mass and therefore an 
enormous inertia. For the measurement of forces, some even 
very small deflections within the force sensors are principally 
necessary. This weakens the assumption of an ideally rigid 
testbench. Even more elasticity comes with the structure 
which is necessary to bring the force sensors in a pre-
tensioned state. 

This elasticity of the interface and the receiving structure is 
on the other side a prerequisite for the indirect determination 
of blocked forces with the in situ method. 

A dynamometer (see figure 2) - consisting of a base plate, four 
pre-tensioned triaxial force cells and a cover plate – serves as 
the interface between the (omitted) DUT and the intended 
blocked receiving system. For the direct force measurement, 
it is known in advance that the elastic modes of the cover plate 
magnify the present input force and violate the rigidity 
assumption of the direct measurement. Therefore, the results 
are only assumed to be valid with low error for frequencies 
below 800 Hz and up to < 1.5 kHz with broader tolerance. 
Additionally, for the indirect determination of forces, the 
cover plate of the dynamometer is equipped with triaxial 
accelerometers (see Figure 3). for further calculations towards 
one 6-DOF virtual point (VP). After this transformation the 
new interface definition is now the coincident virtual point for 
both approaches. Within the accessible surface of the cover 
plate, it remains enough space for the force excitation with an 
impact hammer. This is needed for the determination of the 
FRFs of the passive DUT.  

 

Figure 2: Cross section of the dynamometer 

 

 

Figure 3: Instrumented dynamometer on the mass block. 
The virtual point is located centrally on the surface of the 
cover plate. 
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Data analysis 

With the chosen measurement setup, it is possible and 
necessary to acquire data for both the direct and the indirect 
approach synchronously. The following steps are necessary to 
get frequency spectra for the six DOFs at the common VP. 

Table 1: necessary steps for both approaches  

Direct approach In situ approach 
 FRF measurement of 

passive DUT 
 FRF transformation to 

common VP 
Operational measurement 

of forces 
Operational measurement 

of accelerations 
Calculation of the 

resulting 6 DOF data for 
the common VP in time 

domain 

In situ TPA with matrix 
inversion 

Transformation to 
frequency domain 

optional: transformation to 
time domain 

 

 

Figure 4: Exemplary positions and directions of the artificial 
force excitation 

The operational measurement for the test is performed using 
an artificial hammer excitation roving over the accessible 
surface of the cover plate. This represents the excitation of an 
arbitrary mechanism in a wide frequency range. 

Results 

After the processing of the data, the spectra of the forces at 
and the moments around the VP can be plotted. The results 
are depicted in Figure 5. 

 

Figure 5: 6-DOF results at the VP for both approaches (0 to 
4 kHz) 

The left column shows the forces, where the right column 
contains the resulting moments. Results from the direct 
measurement of the forces are shown in the dashed magenta 
curves. The results from the indirect method are shown in blue 
color and solid. 

For the in situ method an on-board validation (OBV) is an 
essential quality criterion. Therefore, the measured 
operational response at a validation DOF is compared with the 
predicted response based on the forces, the moments and the 
FRF vector between VP and validation DOF. In this case, the 
predictions are done with the two resulting six-DOF sets of 
forces and moments from the two approaches. The 
multiplication with the measured accelerance vector leads 
directly to the predicted acceleration of the validation DOF of 
the respective approach. To show the deviation to the 
operational measurement for both methods, the log scaled 
amplitude error of both variants is plotted over the entire 
frequency range in Figure 6. Again, the result from the direct 
measurement is shown in magenta/dashed, where the result 
from the indirect method is shown in blue/solid color. 

 

Figure 6: Amplitude error at the validation DOF for both 
approaches 

 

Interpretation and discussion 

The large deviation of the direct method can be explained by 
the known elastic properties of the cover plate. The rising 
slope leaves the area of small dB values already at a third of 
the distinct resonance frequency. Therefore, it is reasonable to 
limit the valid frequency range to 1.5 kHz. 

Additionally, and only for the in situ method, a large deviation 
can be seen in the frequency range from 300 Hz to 600 Hz. 
This effect is initially unexpected, as former in situ TPAs of 
different applications deliver good results also in this 
frequency range. To understand the root cause for this 
deviation, the FRFs need to be inspected in more detail. The 
specific dynamometer assembly of the cover plate, the force 
sensors and the mass block is an oscillating system. Inspection 
shows, that besides the known resonances of this assembly, 
also antiresonances are present. These antiresonances are 
dependent on the locations of excitation and response. The 
specific test setup with the applied excitation positions is 
characterized by a highly antiresonant behavior in the 
conspicuous frequency range. 
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Figure 7: Multiple FRFs of assembly reveal antiresonance 
behavior around 500 Hz (highlighted: VP result) 

 
Remembering the definition of the accelerance, it can be 
understood that the resonance frequencies represent the zeros 
of the denominator (force), whereas the antiresonance 
frequencies represent the zeros of the numerator 
(acceleration). In other words, the movement of the structure 
at the response-DOFs approaches zero at the antiresonance 
frequencies. 

For the indirect approach these accelerances need to be 
processed in two further steps which come with crucial points. 

First, the FRF set must be reduced to the accelerance matrix 
of the virtual point (VP). So, all the information of the 
individual FRFs, including the individual antiresonances, gets 
'averaged' into the resulting VP-FRFs. 

In the second step, the accelerance matrix must be inverted. 
Values close to zero therefore will grow indefinitely, which is 
a general issue of inverse problems. 

It is obvious that all data of this measurement setup are 
inevitably 'contaminated' with the effect of the antiresonances 
within the frequency range where a lot of antiresonances are 
collocated. As the test setup was originally designed for the 
direct measurement of blocked forces, not using FRFs, this 
property is irrelevant for the direct results. 

Conclusion 

The aim of this investigation was to compare a set of blocked 
forces which are the outcome of two different approaches, 
namely the direct measurement of blocked forces and the 
(indirect) in situ approach. It can be shown that 

• a proper comparison of the directly measured and the 
indirectly determined blocked forces is only allowed 
using the same test setup 

• the present test setup for the direct measurement of 
blocked forces violates the rigid body assumption 
above 1.5 kHz 

• the present test setup collocates antiresonances in the 
500 Hz frequency area 

• the antiresonances enforce disturbed results of 
blocked forces for the in situ approach in this test 
setup. 

A dedicated in situ test setup should be quite different from 
the present direct blocked force test setup. Where the direct 
method aims to have no compliance, the in situ approach must 

have a flexible receiving structure to obtain proper results. If, 
however, this is ensured, the in situ method has the potential 
to further expand the valid frequency range. 
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