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SECTION I
INTRODUCTION

Motion measurements using seismic mass techniques take one of
two general forms depending on the method used to measure the motion
of the seismic mass itself. The first general form uses an electrical
pick-off of the displacement of the seismic mass relative to the case
of the transducer. The second general form results from an electrical
pick-off of the velocity of the seismic mass relative to the-ve]oéity
of the transducer case. Each form may produce an output analog of any
of several motion parameters (displacement, velocity, etc.) depending
on the mechanical parameter (spring constant, damping factor, and mass
size) of the seismic system with the exception that the second form
- will not produce a displacement analog. '
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SECTION II
RELATIVE DISPLACEMENT PICK-OFF SYSTEMS

Consider a system of masses connected as in figure 1.
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Figure 1. Seismic Mass System

Mass M1 experiences a force F and transmits, therefore, fogc,sls“pwo
to Mz‘through a spring with coefficient K and a dashpot with a faie-
S coefficient B. During time period At, mass M, moves a distance x1
and mass M2 moves to position X, from some original unknown position.
Using Laplace notatiqn and presuming that the initial conditions for ‘
all time derivatives of x1 and X, are zero, the expression for the S

motion of M2 becomes

-M s2x = Bs(x -x ) + K(x -x ) ~ (1)
2 2 2 1 2 1

or Bsx Ms®x + Bsx + K{x -x )
1 2 2 2 2 1

but x = x + X
2 1
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Therefore,

Bsx = M s2x + M s2x + Bsx + Bsx + Kx (2)
1 2 1 2 1

By eliminating terms and rearranging, the result is

x o= x(s®+ %5 + %;) (3)
Now, if M is the case of an accelerometer, then s2 X represents the
accelerat1on A(s) of that case. Further, let a potent1ometer with
resistance R be ‘attached to M and the slide arm attached to M Now,
let a voltage V be across the potentiometer and a voltage v be measured
on the slide arm as in figure 2.
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Figure 2. Seismic Mass System with Displacement Pick-off

Then
v = vR . letR' = —gx
v, -l

where C is a constant mechanical advantage and R' is the resistance from
the slide arm to common.
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and equation 3 becomes

A(s) = vo»—sf(sz+ﬁ—s+§—) (4)
2 2
Solving for v° reveals that
A(s) YC
R (5)
Vo T B K
0 2 L= .
s? 4 g-st g
2 2

For steady state, make the s=jw substitution. Now, obviously, for

Tow frequencies (w<< %}0 and Tow damping (small B)
v ) .
A(dw) X
v (o) 2 — R (6)

M
2

and the output v, is proportional to the case acceleration.

However, if K is small and B is large, then for

TS
. U(e) g~
v, (Juw) = B
M

and the output v, is approximately proportional to the case velocity if
U(Jjw) is the steady state case velocity.

Consider now
%—-<q»
2
and a small K (low spring constant) with small B.
Then the expression for v approaches the following
v (Ju) = D(ju) LC (8)
0

where D{jw) is the steady state displacement.

4
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SECTION III
RELATIVE VELOCITY PICK-OFF SYSTEMS

Consider the system of figure 3.
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Figure 3. Seismic Mass System With Velocity Pick-off

As before, the motion description is equation 3. However, now
the output voltage is from a coil which surrounds a moving magnet. Note
that the coil is fixed to M1 and the magnet to Mz. Now

-V

= _0
X Gs

where G is a constant related to the strength of the magnetic field and
the number of turns on the coil.

Substituting in equation 3 results in

v
s2x = Eﬁ-(sz + %r-s + %%ﬁ (9)
! 2 2
or
| () - g (10
v S = i
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Let sle be A(s) which is the case acceleration. Also, Tet

\h’K“— <<U_)'<< 3—2 .

2

~ Then, upon substituting s=jw, equation 10 becomes
v tw) = ERLW) | (1)

M

2
and the output is approximately proportional to acceleration.

Next, let sx1 be U(s) which is the case velocity. In equation
10, let both‘Mzrand w be very large, i.e.,

%—«w .
2

Both B and K should be small; that is, there should be a weak spring
and Tow damping.

" Then, upon the substitution of s=jw, equation 10 becomes

v, (Ju) = & U(jw) (12)

Note that v0 is approximately proportional to the case velocity.
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SECTION IV
CONCLUSIONS

It is apparent that form 1 (displacement pick-off) may, by adjusting
the seismic parameters, be used to measure acce1eration,velocity, or dis-

placement. Also, form 2 (velocity pick-off) may be used to measure accelera-
tion or velocity, depending on the seismic parameters.

Table 1 is the summary of the seismic parameters and outputs.

Form 1

DAMP(N &
; Mass Spring =
Output (M) Constant (K) Coefficient (B)
Acceleration Small* Large Small
Velocity © Small*  Small Large*
Displacement Large Small . Small
} Form 2 OAMPI g
Mass Spring Tistten
Output M,) Constant (K) Coefficient (B)
Acceleration Small*  Small Large *
Velocity Large Small Smail

Table 1. Summary - Seismic Parameters & OQutputs

*Denotes case for widest frequency response but lowest sensitivity.
The converse condition gives reduced frequency response but an increased
sensitivity.

It is also apparent that form 2 may be made to give the first time
derivative of the acceleration; however, this condition has been omitted

as the output is not normally used in seismic work.

These then are all the possible motion parameters that have voltage
analogs for the two forms of pick-off. Table 1 indicates the strengths
and weaknesses of the two forms. For example, it may not be desirabie to
use large “¥xiciirm coefficients when making velocity measurements over

DAmPI¥g | |

\*zﬁ;&}
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wide frequehcy ranges for reasons of temperature sensitivity. In this
instance, form 2 would have the advantaéﬁ‘gigsevit reqdires a small and
presumably less temperature-sensitive *®=hsisgn coefficient. On the other
hand, it may be necessary to make a relatively 1ight and small velocity
gage. In this instance, form 1 would have the advangage as it does not
require Targe mass for the same frequency response.

Finally, it should be noted that the pick-off schemes are models
only; the important point is whether the electrical output parameter
to be the input analog is proportional to relative displacement or
velocity. For example, form 1 may use a transformer E core with coils
wound on the arms.i If the center coil is excited with a sine wave voltage,
then the opposite coils may be used to sense an amplitude-modulated sine
wave. Here, the E core is mounted on either mass M1 or Mz, and either a
sliding or swinging plate of ferromagnetic material is mounted on the other
mass element. The result is a sine wave whose amplitude is modulated by the
relative displacement of the two masses. Such a system is referred to as
a linear varféb1é—differentia]-transformer (LVDT) displacement pick-off
system.

In any event, it is now only necessary to determine the general
form of the electrical pick-off and then refer to table 1 to determine
the approximate value of the mechanical parameters that will be required.

——
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