
COMMENTS ON 2-PHASE DRAG-CUP
ACCELEROMETER PARAMETER
DETERMINATION

It is pointed out that a recently proposed method of determin-
ing sufficient parameters to describe the terminal performance
of a drag-cup induction accelerometer suffers from implicit
assumptions of doubtful validity which call into question the
value of the method and the claims made for it.

In a recent letter,1 a method for determining the parameters
of a drag-cup accelerometer was suggested. The method is
interesting, but we believe it overlooks some significant
factors which will seriously affect the results so obtained.
These factors are associated with the validity of the usual
linear model of the induction motor when used with the
drag-cup machine over a range of operating speeds and
excitation frequencies. In this respect, it must be noted that
the drag-cup rotor permits current flow in various directions
rather than in well defined current paths, as for a squirrel-
cage rotor. For this reason alone, one would expect the
effects of speed and frequency to have an effect on the para-
meters of the assumed linear model. We wish to make the
following specific observations on the method of parameter
determination proposed.
(a) The transfer function

r ){(1 + T,S)2 + 7 > 2 } • • (1)

which is eqn. 10 in the referenced letter,1 is based, of course,
on the linear model. The authors propose to determine the
parameters M2/r and Tr from this transfer function by
supplying one phase of the machine from a sinusoidal source
and recording input current IJJcS), and output voltage
vbti<*>), of the other phase at a known speed com. In fact,
the values of M2Jr and Tr thus obtained are strictly valid only
for the conditions under which they are measured; i.e. for a
certain speed ojm, and a certain excitation frequency co. Our
recent experiments have shown that the parameters of the
assumed linear model change considerably with excitation
frequency and to some extent with speed. To be more specific,
in testing a small drag-cup machine using a transfer-function
method similar to that suggested by the authors, we obtained
a change in M2/r of about 25 % and an even greater change
in Tr in the frequency range 60-200 Hz. The changes in the
parameters with speed are less pronounced, but must also be
considered. Thus, although the method proposed may give

results that are sufficiently good approximations for some
purposes and for some particular machines, it does not seem
to be a good general method to use for accelerometer para-
meter determinations, since the accelerometer operates at
an excitation frequency w — 0, and under transient speed
conditions.

(b) As the authors point out, the two parameters M2\r
and Tr are sufficient to describe terminal behaviour of the
machine if the excitation current is known. The method of
parameter determination suggested does not enable one to
determine the third parameter r. One who is interested in the
effects of design on accelerometer performance may, for this
reason, find the method unsatisfactory. To enable determina-
tion of r, it is necessary to have another equation relating the
parameters. Law and Novotny2 used an empirical relationship
between M and / for this third equation. In a recent project,3

we have obtained acceptable results using an independent
method to determine r and steady-state tests to determine /
and M. We are currently studying the parameter problem in
detail, since our method also fails to consider frequency
effects.

(c) In view of the above observations, we must question
the authors' claim that, in their method, 'no approximations
are made'. We also question the contention that the method
is 'more exact than that of Law and Novotny'. No experi-
mental proof is provided in support of this claim. Further-
more, Law and Novotny's parameter tests were conducted at
the proper accelerometer excitation frequency a> = 0. It is
by no means obvious that the assumptions they have used
are less valid than those used implicitly by the authors in
their proposed method.
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STATE-VARIABLE SYNTHESIS OF
INTEGRATED-CIRCUIT DISTRIBUTED
RC TRANSFER FUNCTIONS*

On combining the theory of canonical state-space equations
with the theory of RC transmission lines, a means of designing
distributed circuits for desired integrated-circuit transfer
functions is given. The theory rests on a transformation of
O'Shea, and is made practical by use of the approximation
curves of Barron.

Recent applications of state-variable theory to the synthesis
of linear integrated circuits have yielded attractive results in
terms of low sensitivity minimal-capacitor realisations for
both scalar and matrix transfer functions.1'2 When coupled
with the actual presence of integrated operational ampli-
fiers,3*4 simulations using state-space theories then become
practically important. However, some integrated-circuit
configurations are inherently of a distributed nature, whereas
the canonical finite-dimensional state-space equations (Ref-
erence 5, p. 221 and Reference 6, p. 11) assume lumped
structures. Since it has recently been shown that designs
based on RC distributed lines coupled with operational
amplifiers can lead to practical designs using fewer com-
ponents than in lumped form,7 it is not unreasonable to turn
to state-space-based simulations in extending synthesis
methods to distributed networks. Here, on using the fre-
quency transformation of O'Shea,8 this approach is shown to
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be applicable to the simple realisation of a wide class of
distributed transfer functions.

The state equations (Reference 5, p. 221) for a linear
time-invariant finite-dimensional dynamic system lead to the
representation

Y(s) = T(s)U(s) ={D + C(slk - A)-1 B}U(s) (1)
where U(s) and Y(s) are the Laplace transforms of the input
nvector u{t) and output mvector y(t), respectively; T(s)
is the m x n transfer-function matrix, assumed constant at
infinity, Ik is the k x k identity, where k is the dimension of
the state, and A, B, C and D are constant matrices of proper
dimensions. For the important case of a scalar transfer
function specified as the ratio of two polynomials in s (with
the constant at infinity removed),

c^-1 + .
T(s) = c2s (2)

aks
k l + . . . + a2s + a{

the decomposition of eqn. 1 directly leads to the configuration
of Fig. 1A, where p(s) = s is chosen (Reference 9, p. 178).

The state-variable simulations may be extended by making
a transformation in which the Laplace-transform variable s
is replaced by some function p(s). The transfer functions for
the resulting configurations become

T{p(s)} = T'(s) = D + C{p(s)Ik - A}~lB . . (3)

T{p(s)} = T'(s)
ckp

k~x(s) + . . . + c2p(s) + cl

a2p(s) +
. . . . (4)
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Consequently T'(s) can be realised by obtaining a p plane
integrator and using this, in conjunction with summers and
gain blocks,1 as shown in Fig. 1A.

Fig. 1 A State-space transfer-function realisation

V2/V, =1/p, p=coshAsRC) Fig. 1 B p plane integrator

This general result may be conveniently applied to distri-
buted-network synthesis by considering the specific trans-
formation proposed by O'Shea (Reference 8, p. 547).

p(s) = P = cos (5)

where R and C are the total series resistance and shunt
capacitance of a uniform RC transmission line. A Pplane
integrator is as shown in Fig. 1B, where an isolating opera-
tional amplifier, or more simply an emitter follower, is
placed at the output of the RC line to preserve its integrating
function when inserted into the configuration of Fig. 1A.
That Fig. 1B results in a Pplane integrator is easily checked
from the impedance matrix Z{s) of the uniform RC line
(Reference 8, p. 547, and Reference 10)

Then
coth y/{sRC)

/2=o /2=0

cosech \/(sRC)
cosh \/(sRC)

_2
~ P

• • • • (7)
which is integration in the Pplane.

Consequently, through Fig. 1 and eqns. 3-5, we are able to
apply state-variable simulations in the transformed Pplane
to realise any transfer function with real coefficients of the
form of eqn. 4. Such functions may be written in factored
form, useful for approximation, as

T'(s) = k i = l
= UP) (8)

where m < n.
The approximation of a desired frequency response for a

specification in the form of eqn. 8 has been mentioned by
O'Shea (Reference 8, p. 549) with some useful approxima-
tions carried out by Barron.11 The locus of cosh ^(JuRC)
against a> in the Pplane can readily be plotted (Reference 8,
p. 549 and Reference 11, p. 135). Poles and zeros are located
at a,- and j3,- as shown in eqn. 8, and vectors may be drawn
from these to the cosh y/(Ju>RC) locus in the customary
manner (Reference 12, p. 282) to determine the frequency
response for a given pole-zero pattern. From a tabulation,
say by computer means, of frequency responses for individual
poles and zeros, or conjugate pairs, one can determine a
desired T{P) on which to perform a synthesis by adding
magnitude responses, in decibels, for proper a, and §,. This
procedure has been used, for example, (Reference 11, p. 137)
to obtain

(P + 0-75)(P2 + 0-9P-f- 1 89) = r ( * } ( 9 )

for the approximately maximally flat T\s) response shown in
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Fig. 2. A realisation for the response of Fig. 2 using three
distributed RC lines then follows from Fig. 1.
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Fig. 2 Frequency response for eqn. 9

In conclusion, we have outlined a synthesis technique which
can be used to realise a large class of distributed RC filter
responses given a graphical description of the requirements,
its practicability being limited only by the extent of available
pole-zero frequency-response tabulations. The synthesis
procedure is quite simple once the desired poles and zeros are
specified in the Pplane, this procedure resting on familiar
state-space techniques.

This letter has dealt with a specific transformation to the
p(s) plane, namely p(s) = P = cosh VC^O- Although this
appears the most convenient for integrated circuits, because
of the simplicity of the integrator (Fig. 1B), other possibilities
exist, such as p(s) — tanh -y/(sRC) for RC lines13 and
p(s) = tanh s\/(LC) for LC lines (Reference 14, p. 66). The
consequences of the former transformations have been
explored in some detail.15 Further, the theory extends to
cover cases, such as the theory of noncommensurate lines, des-
cribed by multivariable transfer-function matrices.16 Because
of the simplicity and generality of this synthesis method,
deeper investigations are under consideration.
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