The Design of Large Impactors for Structural Testing

Introduction

Impact excitation provides the fast-
est means of performing a structural
test. Although impact excitation is not
always appropriate for aparticular
structurd test, due either to the na-
ture of the structure under analysis or
to the specific application of the test
data, impact testing techniques are
widely used particularly for trouble-
shooting noise and vibration prob-
lems.

Large impactors are generally used
for exciting large structures, implying
that the frequencies of interest are
low, often below 50 Hz.

The objective of the impactoristo
provide sufficiently high excitation
energy, and to concentrate this energy
in the frequency range of interest. The
ided impactor has provision for spec-
trum shaping.

quality force transducer or an acceler-
ometer.

Theory

Animpact isatransent phenome-
non where energy istransmitted over
areatively short period of time. The
spectrum of the force impul se depends
partly on the shape of the impulse but
most of dl on the duration.

Fig. 1 shows the relation between
impulse duration and the energy spec-
trum. A short duration impulse dilutes
the energy over awide frequency
band, in contrast to alonger duration
impulse which concentrates the ener-
gy at low frequencies. Oneinvariant of
impulsesisthat the highest energy
dengity isat 0 Hz. (We cannot build a
“ zoom hammer”.) The useful excita
tion range of the impulse spectrum is

The impactor must produce an exci- considered to be from 0 Hz to f Hz,
tation waveform which can be mea- where f des gnates the frequency at
sured accurately. Thiswaveformis which the energy density has de-
normally measured by using a high creased by approximately 20dB.
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Fig. 1. A broad impulse concentrates the excitation energy at the lower frequencies, whereas
a narrow impulse spreads the available energy over a wider frequency range
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Theimpulse duration for a specific
impactor mass is determined by the
elagticity of materias of the structure
and impactor (structureimpactor in-
terface) which arein contact during
impact. Thisinterface istherefore the
principle element which we can use to
control the spectral energy distribu-
tion.

For a specific mechanicd interface,
thetotal energy delivered by theim-
pact is determined by the mass and
the velocity of the impactor.

When making mobility measure-
ments on a structure the energy re-
quirements depend on:

® dtructural damping
® thesize of the structure
® mechanica background noise.




The peak force which we can apply
to a structure is limited by:

® the non-linear character of the
structure

e the strength of the structure at the
impact point

® the maximum force rating of the
force transducer

An unfavourable combination of
these two sets of factors may prohibit
impact excitation.

Impactor Designs

An impactor can be considered to
consist of three components:

@® impactor mass
e mechanical interface
e transducer

The practical design configuration
of a large impactor is generally differ-
ent from the smaller impact hammer
configuration - hammer tip (inter-
face), force transducer, hammer mass
_ and will typically be one of the four
configurations shown in Fig.2. The im-
pactor mass can be any rigid body,
and the mechanical interface is gener-
ally a rubber material.

Figs. 2.a and 2.c both show tech-
nigues where the acceleration of the
rigid mass is used to determine the
force. The force calibration is deter-
mined by the dynamic mass of the
impactor. The accuracy of these tech-
niques is limited by the assumption
that the force is applied in the direc-
tion of the main sensitivity axis of the
accelerometer.

Figs. 2.b and 2.d show techniques
where the force is measured directly
by a force transducer. Fig. 2.b. shows a
design which is attractive because of
the very simple mechanical implemen-
tation. One undesirable consequence
is that the force is measured at the
interface rather than directly at the
structure. In addition the interface, in
practice a rubber patch (weighing 12
to 2 kg) glued to the structure, may
have some structural modification ef-
fect.

The optimum design choice is
shown in Fig. 2.d., where the most ac-
curate force measurement is achieved,
and the interface may be designed to
act as an adjustable mechanical low
pass filter.

a) ) b)
7 / Interface material %
SpHenie i" o
N :
- Accelerometer

Force Transducer
Advantage :Simple construction

Disadvantages :Poor precision
:Possible mass modification of
structure by interface

Advantages :Simple construction
:Good precision
Disadvantage :Possible mass modification

of structure by interface

Accelerometer /

Force transducer
Advantage: Simple  construction

. L Advantages :Highest precision
Disadvantage: Lacks precision

Spectrum adjustment
Minimum structural modification

Disadvantage: More complex construction

861341

Fig. 2. Four alternative configurations for large impactor design. The configuration in d)
gives the optimum performance

Practical Impactor Design

Fig. 3 shows the assembly drawing
of an ideal impactor. The  impactor
consists of a cylindrical steel body
weighing approximately 40 kg. At the

impact end the cylinder is machine Handle

turned to reduce its dimension to fit a ]

sleeve ball-bearing. The impactor B =
head is a closed cylinder carrying a

Briel & Kjar Force Transducer Type Impactor
8201 with a semi-spherical anvil, and oy e_g’f‘assc-“;id

containing a set of rubber discs for
controlling the stiffness of the inter-
face. When assembled, the impactor
constitutes a self-contained unit.

steel cylinder

— - Impact
Impactor Properties P] direction

A dynamic analysis of the impactor
shows that there exists a double ham-
mer effect.

The complete impactor may be con- Ball
sidered as a small hard impactor (im- J bearing
pactor head) which is followed by a (13— sleeve
large soft impactor (impactor body/in- ! Metal plate
terface) . The resulting force impulse is RRSSRELEER
the sum of the two separate impulses SRR | Rubber discs
as shown in Fig. 4. <ol ool

The presence of the first, parasitic, :‘Q fﬁm*’“amm‘” ke
hard impact is a disadvantage, as the
high frequency energy may overload Forge S MY 4 s e r tip
the conditioning amplifiers used for
the force and response transducer w138
channels. The effect is minimized by Fig. 3. Assembly drawing of a large  impac-
reducing the head/body mass ratio, tor using the Briiel & Kjcer Force
and may be totally removed from the Transducer Type 8201




measurements by attaching asmall
rubber patch to the structure at the
point of impact.

The advantage of the design isthat
the force spectrum can be adjusted
over ardatively wide range by proper
selection of the number, thickness,
and materia characteristics of the
rubber discs.

Force Transducer Performance
Frequency response functions can-
not be measured accurately unless
high quality transducers are used to
measure both the force and response
signals. For impact testing of large
structures the Briiel & Kja Force
Transducer Type 8201 is particularly
suitable for measuring the excitation
force, and the following transducer
characteristics are of particular impor-
tance:

® Solid, al welded, hermetically
sedled construction
® Wideforcerange, 4000N tensileto
20000 N compressive
@® Extremely linear, max. deviation
< =+ 2% of maximum force
® High axia stiffness7 x 108N/m.
Deformation at maximum force
0,03 mm
® Transverse
<4%
® | ow sensitivity to both long term
and transient temperature changes
® Highlong term stability

sengtivity typicaly

Test Measurements on a
Railway Bridge

Frequency response measurements
were made on arailway bridge using
an impact hammer based on the con-
struction shown in Fig. 3.

Intrumentation

The instruments used for thefield
measurements and subsequent analy-
sisinthelaboratory areillustrated in
Fig. 5. The instrumentation used in
the field was battery powered.

A high sensitivity accelerometer,
Brue & Kjeer Type 4379
(316 pC/ms, 310 pCl/g), wasused to
measure the structural response. The
force and response signals were fed to
the built charge preamplifiers of a
Brid & Kjear Portable Tape Recorder
Type 7007. The tape recorder’s 1 kHz
reference signal was recorded on a
third channel. A lower limiting fre-
quency of 0,3 Hz and atape speed of
15 in/swere used.
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Fig. 4. In practice the impulse applied to a structure is the sum of two separate impulses.
The first, parasitic impulse is undesirable, and can to some extent be minimized
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Fig. 5. Field and laboratory instrumentation used for testing a steel girder bridge

Back in the laboratory, the signals
were replayed and analyzed using a
Dual Channd Signd Anayzer Type
2034. Plots were obtained using
Graphics Plotter Type 2319. Only the
results relevant to the hammer con-
struction are given here.

The hammer was used to excite the
structure by operating it in the verti-
cal position asshownin Fig. 6. A small
rubber patch was placed on the bridge
at the point of impact, in order to
reduce the“ parasitic’ short impulse
imparted by the hammer head, and
hence prevent any overloading of the
charge preamplifiers. The overload in-
dicators on the charge preamplifiers
were observed throughout the test to

Measurement Results
The bridge, which was of a steel
girder construction, had recently been

damaged and repaired. The object of prevent  overloaded measurements
the test was to verify the integrity of from being used in the subsequent
the repaired side of the bridge. analyss.




The preamplifier settings and im-
pact point and direction were noted
for each measurement.

The laboratory analysis was per-
formed in the frequency range 0 to
50 Hz. The time signal resulting from
one impact is shown in Fig. 7, together
with the averaged Autospectrum. The
peak force of the impact is just under
5 kN, with a duration of approx. 10 ms.
From the Autospectrum it is observed

that the energy density is evenly dis-
tributed and decreases by approx.
11dB within the frequency range of
interest (0 to 50 Hz). This implies that
the excitation enegy level was ade-
guate within the entire frequency
range required by the test.

Fig. 8 shows a typical frequency re-
sponse function obtained by the test,
together with the measurement set-up
used for the analysis.

Further Measurement Considerations

Before an impact test, ‘Ratio Cali-
bration”’is normally performed using
a known mass. Since in this case the
mass of the  impactor is relatively
large, Ratio Calibration is impractical.
Instead the force transducer was cali-
brated in the laboratory. The subse-
quent effect of the mass of the anvil
on the calibrated sensitivity of the
hammer was very small, since the
mass of the impactor body was very
large by comparison.

The forces acting through the feet
of the hammer operator should also be

considered. One way of taking these
forces into account is for the operator
to stand on a platform, and to impact
the platform itself. The force can then
be measured using three transducers
acting as the “legs’of the platform.

For a structure exhibiting modal de-
flections in directions lying in the hor-
izontal plane, the hammer may be sus-
pended horizontally from a separate
structure and swung to impact the
structure.

Fig. 6 The operator excited the structure
by applying an impact to a small
rubber patch placed on the struc-
ture
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Fig. 7. The Autospectrum verifies that the excitation energy level

was adequate within the frequency range of interest
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Fig. 8. A typical frequency response function obtained by the test
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