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HOW VIBRATOR BEHAVIOUR INFLUENCES SEISMIC RESULTS

Hans A. K. EDELMANN*

The paper describes empirically the phenomenon of a viscous layer under the base-plate of 
a /'-wave vibrator as a pre-requisite for coupling on different types of ground. The effect of this 
viscous layer can be derived from the phase behaviour of the ground force and from the active power 
transmitted into the ground by a P-wave vibrator. The consequences of the vibrator behaviour for 
the discrimination of phase and amplitude anomalies of seismic reflections are discussed.
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1. Introduction

It has been well known since the beginning of VIBROSEIS® applications 
that many of the non-linear effects related to VIBROSEIS® operation are 
introduced by the non-linear behaviour of the ground. Under unfavourable 
circumstances more energy is transformed into the range of harmonic frequen
cies than is available in the fundamental frequency range [Edelmann 1982]. 
Nevertheless, many interesting investigations have been made which ignore 
non-linear effects in a first approach. These investigations foster the impression 
that the behaviour of the vibrator in the field could be understood and controll
ed on the basis of a linear model. In the following I have tried to describe a 
phenomenon which has been observed in many areas and which strongly 
contributes to the non-linear behaviour of the ground. This effect can be 
described from measurement results.

2. Some remarks about the theories of the servohydraulic vibrator

Several theories have been developed to describe the behaviour of a ser
vohydraulic vibrator on different types of ground [Lerwill 1981, Safar 1984]. 
To make numerical calculations on the basis of such a model, some assumptions 
have to be made. Lerwill, for example, assumes that the so-called driving force 
of the vibrator is constant, i.e. independent of frequency. Another assumption 
is that the coupling between base-plate and underlying soil is constant. Detailed
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investigations from different vibrators show that both assumptions are valid 
only to a limited extent. Under certain conditions these assumptions are not 
valid at all and therefore conclusions, with respect to vibrator design, should 
not be drawn from this theory. In practice today, therefore, we build ser- 
vohydraulic vibrators which are mainly based on modern rules of machine 
technology, but are not a product of strictly followed theoretical models.

The approach made by Sallas [1984] which is based on the measurement 
of different physical parameters of a vibrator, has a far better chance of gaining 
practical application. The reaction of the ground to the operating vibrator 
cannot normally be predicted. In this situation the reaction must be measured 
and the result of this measurement must be fed back to correct the input values 
of the vibrator. This means that the output of the vibrator can be controlled 
in such a way that geophysical parameters are kept within certain limits and, 
at the same time, the vibrator is not destroyed by overload.

Today there still are many vibrator manufacturers who mislead their clients 
by giving them peak force values which can be transformed into seismic energy 
only under very rare specific circumstances. And still today, geophysicists 
cannot say precisely which parameter can be regarded as the main parameter 
of a vibrator — to be controlled and guaranteed by the manufacturer. Many 
manufacturers would feel far better if they knew more about this. The problem 
has been solved by some manufacturers by providing a toggle switch in the 
vibrator control unit so that the customer can make his own choice out of 
base-plate acceleration, base-plate velocity, and base-plate displacement.

3. Source characteristic

Discussions about vibrator output were re-opened when VIBROSEIS" 
records were required to be linked meticulously with dynamite records [Broetz 
et al. 1985]. None of the parameters mentioned above proved to be comparable 
to the impulse emitted from a dynamite shot. Initially some people believed that 
the problems could be solved by a polarity decision until they noticed that there 
existed a frequency dependent phase shift between dynamite records and VI
BROSEIS records, both measured in the far-field range or in routine seismic 
records [Wagenbreth et al. 1985]. Some investigations indicate that the phase 
characteristic of the ground force of the vibrator comes closer to the phase 
characteristic of a dynamite shot and to a certain extent is phase-wise less 
sensitive to variations introduced by changing surface conditions [Martinez
1985].

As long as it is only the determination of travel times that is the main 
objective of seismic measurements, we have to worry only about the phase- 
characteristic of what we regard as vibrator output. But as soon as we want to 
separate variations in phase and amplitude caused by surface effects from 
variations caused by the exploration target, we cannot any longer rely upon a 
constant phase characteristic of the vibrator output, but also have to keep an 
eye on the amplitude characteristic.
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4. A reproducible source characteristic

To distinguish anomalies due to transmission and reflection properties of 
the target zone, the amplitude and phase characteristic as well as the trans
mission effects of near-surface layers must be taken into account. This is 
normally done by equalizing CMP traces to an average characteristic using an 
adequate time window. This method works well as long as the variability of the 
target-zone effect is larger than the variability of the other factors, i.e. source 
characteristic and near-surface layer characteristic. Inevitable noise introduces 
additional problems for the inherent wavelet processing step.

To improve the capabilities of the seismic method with respect to resolu
tion, the reproducibility of the source characteristic should be as good as 
possible. It is therefore not so important to find out a specific parameter such 
as base-plate acceleration, reaction mass acceleration, ground force or any other 
as long as the parameter we select can be used to control the reproducibility of 
the seismic source characteristic. To come closer to the solution of this problem, 
it is very helpful to investigate what is going on under a vibrator base-plate.

5. The viscous zone

The vertical movement of the base-plate leads to high shear stress values 
in the ground at the outer rim of the plate [Tan 1985]. This again leads to a 
reduction of the shear modulus in this area which results in a radial viscous 
zone. By this the stress is released in the outer part and increases in the centre 
part under the base-plate. Dependent upon the force amplitude, the frequency 
and the preload, a radial flow begins, and then continues or comes to a standstill 
during the sweep period. Compaction of the material under the base-plate may 
take place; this compaction is determined by the grain size distribution and 
water saturation. The compaction which has been achieved at higher frequency 
and lower amplitudes may be destroyed at lower frequencies and higher am
plitudes. At higher preloads, higher amplitudes can be applied without destroy
ing this compaction. Size and properties of the viscous zone under the vibrator 
base-plate very much depend upon the local properties of the soil. Deeply frozen 
ground, e.g., ground which is frozen down to the zone of higher compaction, 
provides excellent coupling conditions for vibrators, also at high force am
plitudes, whereas in dry and loose sand large force amplitudes may lead to a 
permanent radial viscous flow under the base-plate during the sweep operation. 
In the same survey area, therefore, coupling on compacted soil and coupling 
through a viscous zone is possible. In many cases, coupling through a viscous 
zone takes place at low frequencies whereas at high frequencies coupling on 
compacted ground takes place. Therefore the elastic properties of the soil are 
frequency dependent and dependent upon the process of the preceding period; 
this dependence leads to a rather complex phase characteristic of the ground 
force when compared with base-plate acceleration.
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6. The coupling of the base-plate at its worst

A great difference exists between the impedances of vibrator and soil in 
view of which efficient coupling can only be achieved in a very limited frequency 
range. Large forces therefore must inevitably lead to a continuous break-up of 
the soil and thus to a viscous coupling as described above. Only in this way are 
larger displacement amplitudes of the base-plate made possible, and only 
through this viscous zone is the base-plate thoroughly coupled to the ground.

Base-plates are not ideally rigid. When being operated on the viscous flow 
pillow, they change their shape at specific resonance frequencies. At higher 
frequencies which still lie within the range of the transmitted frequency band, 
amplitudes at different points of the base-plate are out of phase so that the 
pressure amplitude which acts on the ground can appreciably be reduced by 
destructive interference. Hard material under the base-plate such as outcrop
ping rock may worsen the coupling, so that a viscous flow pillow cannot be 
formed.

7. The phase characteristic of the ground force

If we regard the ground force as the decisive output parameter which 
controls the phase and amplitude of the outgoing seismic signal and at the same 
time compensates for the base-plate acceleration signal to be inphase with the 
vibrator input sweep, it is instructive to analyse the phase deviation between 
these two parameters. When using the ground model taking into account 
ground compliance, radiation resistance, and radiation mass [Safar 1984] this 
phase angle can vary between 0° lag for zero frequency approaching 180° lag 
for very high frequencies. The amount of phase lag depends upon the character 
of the soil. For soft soil (mud) larger phase lags are possible at high frequencies 
than for hard soil (chalk). Because of the fact that a viscous flow zone forms 
under the base-plate at low frequencies, in practice the phase shift can be far 
larger for low frequencies than is predicted by the linear theory. Phase-shifts of 
90° are not anomalous, which are reduced at higher frequencies to a level 
comparable with the theoretical values. A large phase-shift is a strong indication 
for the elastic properties of the soil drastically changing as a function of 
frequency.

8. The active power generated by a vibrator

The difference between the theoretical model and practice comes out very 
clearly when comparing the active power radiated by a vibrator. From the 
theoretical model the active power can be calculated as the square of the 
base-plate velocity multiplied by the radiation resistance. This leads to the 
rather smooth curve (curve A) in Fig. 1. The curve was derived from the model
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Fig. 1. Emitted active power of 
a vibrator on sand as a function of 

frequency
A — calculated from [Lerwill 1981]; 

В — measured

1. ábra. A vibrátor leadott aktív 
teljesítménye homokon, a frekvencia 

függvényében
A — Lerwill [1981] adataiból 

számítva; В — mért értékek

Рис. 1. Выпускаемая вибратором 
активная мощность на песке 

в зависимости от частоты 
А расчетная по Л ервил[!981];

В замеренная

given by L e r w il l  [1981]. Fora radiation resistance for sand Rr = 2 ■ 1()6 Ns/m. 
curve A reaches a maximum at about 35 Hz and then drops slowly towards high 
frequencies. This calculated result differs strongly from the results achieved 
from measurements on sandy soil. As the system becomes non-linear, the 
product of ground force and base-plate velocity has to be determined by 
measurement and is shown as curve В for comparison. It can be seen that an 
appreciable amount of energy is transformed into soil flow which is a dominat
ing process in seismic energy generation.

9. Conclusions

From measurements it can be shown that a vibrator generates an appreci
able amount of active power. This supports the assumption that the base-plate 
is underlain by a visco-elastic pillow which is necessary to couple the plate to 
the ground and to generate seismic elastic energy for seismic purposes.
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HOGYAN BEFOLYÁSOLJÁK A VIBRÁTOR TULAJDONSÁGA!
A SZEIZMIKUS EREDMÉNYEKET

Hans А. К. EDELMANN

A tanulmány tapasztalati alapon ismerteti a P-hullám vibrátor alaplemeze alatt kialakuló 
viszkózus réteget, amely bizonyos talajtípusokon — a csatolás előfeltétele. A viszkózus réteg 
hatása levezethető a talajban fellépő erőhatás fázisviszonyaiból és a P-hullám vibrátornak a talajba 
juttatott aktív teljesítményéből. A tanulmány megvizsgálja, hogy milyen következményekkel járnak 
a vibrátor tulajdonságai a reflektált hullámok fázis- és amplitúdó-anomáliáinak megkülönböztetése 
szempontjából.

КАК ВЛИЯЮТ ТЕХНИЧЕСКИЕ ХАРАКТЕРИСТИКИ ВИБРАТОРА 
НА СЕЙСМИЧЕСКИЕ РЕЗУЛЬТАТЫ

Ганс А. К. ЭДЕЛЬМАН

В работе дается эмпирическое описание вязкого пласта под опорной плитой вибратора 
волн сжатия в качестве предпосылки связи при разных типах почв. Влияние такого вязкого 
пласта выводится из фазового поведения силы, действующей на грунт, и активной мощно
сти, передаваемой в почву вибратором волн сжатия. Обсуждаются последствия поведения 
вибратора для выделения фазовых и амплитудных аномалий в сейсмических отражениях.


