
1

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICAL MEMORANDUM

No. 1065

OVL ANGULAR VELOCITY RZOMER

By WelfLang Licbe

Luftwissen
Vol. 5, No. 8, August 1938

Wn sill_ngton
August 1944



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL P11EXORANDUM N0. 1065

DVL ANGULAR VELOCITY RECORDER*

By Wolfgang Liebe

INTRODUCTION

In many studies, especially of nonstationary flight
motion, it is necessary to determine the angular veloci-
ties at which the airplane rotates about its various axes.
The three—component recorder is designed to serve this
purpose.

If the angular velocity for one flight attitude is
known, other important quantities can be derived from its
time rate of change, such as the angular acceleration by
differentiations, or — by integration — the angles of po-
sition of the airplane -- that is, the angles formed. by
the airplane axes with the axis direction presented at
the instant of the beginning of the motion that is to be
investigated,

RODE OF OPERATION

A revolving gyroscope rotated at angular velocit y w
about an axis perpendicular to the axis of revolution pro-
duces a moment in the plane formed by these two axes. At
constant speed of revolution w k this moment is a measure

for the angular velocity w at which the gyroscope is
moved. If the gyroscope is secured by a spring in the
plane in which the moment sets, the deflection of the
spring is proportional to the torque — that is, propor-
tional to the angular velocity. The three axes of the
gyroscope are designated as follows:

1. The axis of revolution

_------------------- -------------- - -------- --- -----
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Luftwissen # vol. 5, no. 8, Aug. 1938, pp. 297--298.



.,	 XAGA TI-j! Yo. 1065
	

2

•	 2. The axis of sensitivity (or measuring axis) per-
pendicuilar to the axis of revolution

3. The mooring axis, perpendicular to the plane
formed by the axis of revolution and the axis
of sensitivity

This system of axes is linked to the gyroscope axes.
For recording, the instrument is oriented in the airplane
along the body measuring axes. At a deflection of the
mooring spring the gyroscope axes twist to the amount of
the deflection angle n with respect to the body .axes.
Since the components of the angular velocity in the body
axis system are to be measured, and the sensitivity axis
is deflected by the angle n with respect to the body
axis, a measuring error is introduced, because the gyro-
scope becomes more susceptible to rotations about an axis
other than the relected body—fixed measuring axis. For
example, if the rolling velocity wx is to be Measured,

and the measuring gyroscope is oriented so that its axis
of revolution is parallel with the transverse a.7is of the
airplane (y axis) the equation for the spring deflection
nx reads:

(3x = B/c cos n x wx + B/c sin 8. wv

where

ex	 spring deflection about the mooring axis

B	 gyroscope impulse, B = 7  wk

Jp	 polar moment of inertia of gyroscope

c	 spring constant of mooring spring

From the equation it is apparent that nx, with
such a one--gyroscope arrangement, is dependent, aside
from wx, on another component of the angular velocity,
in the illustrative case chosen here, uponwy. (T'_is
instrumental error occurs also on the English RAF I-e-
corder, which has a somewhat similar outward appearance).
This error of the simple turn indicator is avoided with
a two—gyroscope arrangement in the so—called inertia,
frame (Patent according to Boykow), as used in the DVI:
instrument—for—measuring element.	 If two gyroscopes with
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opposite direction of revolution are linked so as to
permit only opposite rotation about their mooring axis,
two moments are active:

I4 1 1. = c l n l = B l w X cos On + B  wy sin nl

on gyroscope 1, and

14- = c 2 na = B 2 ar°x cos n2 + B 2 wy s in 82

on gytog.cope-a-. The gyroscopes are oppositely rotating;
hence

Bl = —B 2 = B

and consequently

nl =: — n2 = nX

wh en

Cl = C 2 = C

Then the moment applied at gyroscope 1 is

c UX = B w X cos O x + B wy sin nX

and at gyroscope 2

— c (7 X =--B wx cos n X + B wy sin nX

Since the gyroscopes are connected so that opposite
moments are additive, parallel moments cancel; the term
with wy disappears. The relation for the double gyro-
scope in the inertia frame reads:

Ox = 3/c,  cos Ox wx

If B and c are constants, the spring deflection n.
i	 is only dependent on w^;. A rotation about any axis other

than the actual measuring axis has therefore no effect on
the indication of the measuring element.
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DESCRIPTION OF INSTRUMENT

Each angular velocity component has a pair of gyro-
scopes as a measuring element. All axes are supported in
ball bearings to keep the sliding friction at a minimum.
Relative to the friction moment the gyroscope rotation is
chosen so great that the instrument responds at angular
velocities of w = 0.005 (s-1).

The gyroscopes operate asynchronous motors at 20,000
rpm. A centrifugal force regulator at the three--phase
current generator regulates the speed at ±10 percent
voltage fluctuation, to within ±0.5 percent. The trans-
former (fig. 1) fed from a 24--or 12—volt accumulator sup-
plies the three—phase current for driving the gyroscopes.

The gyroscopes are secured by flat springs stressed
in torsion. The instrument is fully utilized only when
the test range is adapted to momentarily occurring maxi-
mum test values. For this reason the springs are inter-
changeable and in addition, a special device permits the
free length of the torsion springs to be varied. In this
manner the test range can be doubled separately for each
component by a simple handle.

The following test ranges are provided:

w = ±0.005 to ± 0.6 s-1
±0.005 to ±1.2

±0,005 to ±2.5

±.0.005 to *5.0

The spring deflection is optically recorded. The
mooring axis of one of the two gyroscopes of an inertia
frame carries a mirror which deflects a light ray corre-
sponding to the spring deflection S. The deflection is
p lotted on sensitized paper.

Aside from the three light spots indicating the gyro-
scope deflection, the recording paper shows time markings
at stated intervals controlled by a chock which at the same
time produce accurate reference lines for the inter_p rcta--
t ion.
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The sensitized parer is housed in a separate case
(fig. 2) easily fitted on the instrument. The paper feed
controlled by a counting mechanism is accomplished by
electric motor and claw coupling. The paper is 136 milli-
meters in width. For each velocity component t26 milli-
meters recording height is available. The case holds
approximately 30 meters of paper, which, at a 25 milli-
meters--per—second feed (adjustable from 10 to 40 mm/s),
is equivalent to a test period of 20 minutes.

For the optical recording of special time interv).ls,
such as the start of a control deflection, fir instance,
a spark gap is provided, the spark appearing cn the record
as a light dash. This spark gap, ctupled across a tachom-
eter with the crankshaft, can also be used in simple manner
as revolutions per minute recorder. This way the three
compmnents of the angular velocity of the airplane wx,
wy, and we and of the propeller wp (fig. 3) are nb-

ta.ined in one record.

MEASURING ACCURACY

The accuracy of the 0- indication is impaired by
bearing friction and bearing play. Both effects together
cause a maximum error of around tO.OI(s -1 ) — that is,
about tl percent of the greatest value in the test range
of 0 to 1.2(s" 1 ). The record interpretation_ is exact up
to ±0.25 millimeter — that is to say, within about 1 per-
cent for 20 millimeters total record height, An instru-
mental accuracy of ±2 percent of the maxiz;um test value
is thus obtainable.

Requisite for this accuracy of interpretation is the
absence of great oscillations. The gyroscopes are provided
with a simple damping device insuring interpretable records
even on approaching resonance between propeller rpm and
natural frequency of the merLsuring element. The natural
frequency of the gyroscope oscillating in the :adoring

go	 springs depends upon the spring stiffness, hence varies
for different test ranges.	 It lies at 10 Hertz for the
W range 0 to 1,2 s -1 .	 vlottor. processes up to a frequency
of about 2 Hertz are thus reproduced without distortion.

Translation by J. Vanier,
National Advisory Committee
for Aeronautics.
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Figs. 1,2,3
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Figure 1.- DVL-angular velocity Figure 2.- Paper holder-

recorder with 24 volt	 the feed change
transformer.	 is varied by changing the

the cog wheels,
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Figure 3.- Sect._un of 	 _. 1	 l cm deflection defines
an angular velocity of w = 0.46 s- 1 . The light-

spots at the lower border indicate the number of crankshaft
rotations and hence the angular velocity wp of the propeller.


