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APPENDIX 1

GG248 Miniature Integrating Gyro Theory of Operation

The MIG is a floated, single-degree-of-freedom, rate integrating gyro.

It is effectively a torque summing computer. Input turning rates are
converted by the gyroscopic element into gimbal torques. These torques
are time integrated through the viscous fluid into gimbal displacements
which are read off directly by a displacement type pickoff. The major
elements of the MIG are the gyro wheel, gimbal assembly, signal generator

and torque generator., See Figure A.l.

Gyro Wheel - The basic element of the MIG (and all gyroscopic instruments)
is a wheel whose mass is distributed to provide a specific moment of
inertia (I) about its axis of rotation, called the spin axis (SA). The
wheel is actually the rotor of a synchronous motor. By applying an
excitation voltage to the motor stator (located inside the rotor) the
wheel is forced to rotate at a constant angular rate (Wg). The spinning
wheel has an angular momentum (H) which is the product of its moment of
inertia and its angular velocity.

H= 1w,
H is a vector quantity (i.e. it has magnitude and direction). The\direction
of the angular momentum is along the spin axis. A gyro functions by obey-
ing the law of Conservation of Momentum. The spinning wheel is inherently
stable. It will continue to rotate with the spin axis rigidly fixed in

space unless a torque is applied to tilt the spin axis. The angular momentum

is a measure of this stability. In the GG248 MIG the moment of inertia is
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about 40 gm-cmz. The angular velocity is 24,000 rpm or about 2500 radians

per second. Hence the angular momentum of tke spinning gyro wheel is

1 x 10° gm-cmzlsecond.

Gimbal Assembly - The gyro wheel rotates in the inert gas atmosphere of the

sealed cylindrical gimbal assembly. The giﬁbal cylinder is floated in a
fluid which surrounds and supports it. Pivots and jewels support the entire
gimbal weight during assembly prior to filling with fluid. With full
loading and no lubrication, these pivots and jewels cause less than 10
dyne-cm of stiction (compared to a minimum stiction of 20 dyne-cm with
conventional ball bearings). The fluid used has a density within 1% of the
gimbal assembly average density at the operating temperature of the gyro.
This reduces the stiction to the order of 0.01 dyne-cm. (0.0l dyne-cm is
about one billionth of a foot pound, or the level of torque developed by
shining a flashlight on a sheet of paper hinged at one edge). The basic
function of the pivot supports is to define the output axis (0A), i.e. to
prevent any motion of the gimbal cylinder relative to the case except
rotations about the axis defined by the pivots. Figure A.2 is a simplified
drawing showing the relationship between the gyro wheel, gimbal and gyro
case as well as the spin, input and output axes. With the gyro wheel
rotating on its shaft in the direction shown, the positive spin axis is
defined as indicated by the arrow. (use right hand rule - wrap fingers
around the wheel in the direction of rotation; the thumb then points along
the positive spin axis.) The gimbal cylinder containing the gyro wheel is

free to rotate only about the axis defined by the gimbal pivots, the output
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axis (OA). The positive output axis is defined arbitrarily, but determines

the direction of the positive input axis. It is obvious that the spin axis

is orthogonal to the output axis (axis of the gimbal cylinder). The input

axis (IA) is orthogonal to both the OA and SA and is also defined by the
right hand rule: Grasp the gimbal cylinder with the right hand such that
the thumb points along the +0A and rotate the gimbal in the direction of

the fingers 90 degrees; the +SA axis then points in the direction of the
original +IA., (Note however that the actual IA is displaced with the SA
since the three axes are always orthogonal)., Now if the gyro case is
rotated CW about the IA, the spin axis is aisplaced and the angular momentum
(H) of the spinning wheel is disturbed. Recall (1) that H is a vector
quantity and (2) the law of conservation of angular momentum. By rotating
the gyro case about the input axis we are actually inserting a component

of angular momentum along the IA, To conserve angular momentum the wheel
should spin along an axis between, and in the plane of, the SA and IA. Thus
a positive rotation of the gyro case about the input axis results in a
gyroscopic torque on the gimbal causing a positive rotation about the output
axis. This displaced rotation of the gimbal is called gyroscopic precession.
It should be apparent that the gyroscopic precession rate is directly pro-
portional té the input rate and also the angular momentum of the wheel (H).
We wlll now consider the restraining torque which controls the precession

rate.

Viscous Damper - In addition to its high-density property, the fluid between

the gimbal assembly and the case of the MIG is highly viscous. Consequently,
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as the gimbal precesses in the fluid, shearing forces are developed at the
gimbal surface proportional to the gimbal angular velocity. The fluid thus
provides viscous damping of the gimbal motion. The symbol used to represent
viscous damping is '"C". C is measured in the same units as angular momentum
(H) and in the GG248 has a magnitude of 460,000 gm-cmz/sec\at the normal
gyro operating temperature. The precession rate of the gimbal (Wg) is equal
to the input rate (é) multiplied by the ratio of the gyro wheel angular
momentum to the viscous damping on the gimbal assembly:

Wg = % é;

H

for the GG248 MIG C

is equal to 0.217. Thus if the gyro case is rotated
about the input axis at a rate of 1%/sec for 10 seconds, the gimbal will be

displaced 2.17 degrees. Gimbal displacement is limited to *4.4° by mechan=

ical stops.

Signal Generator - Now if we can measure the displacement of the gimbal from

its null position, we can tell how many degrees the gyro case was rotated
about the input axis. This capability is provided by the signal generator
(SG) which is a rotor-stator arraagement providing an inductive pickoff.
The SG primary is excited with a 400 hz voltage; the secondary provides a
400 hz voltage whose magnitude is proportional to the gimbal displacement
and phase depends on the direction of displacement. The signal generator
thus provides an electrical signal which describes the position of the

gimbal cylinder relative to the output axis.

Torque Generator - The basic gyro elements previously described provide the

capability for measuring changes in the gyro position about its input axis.

Al-6
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The torque generator is an electromagnetic device that, in response to an

external command signal, will change the angular position of the gyro
gimbal. The torque generator is used to cage (move and lock the spin axis
to some desired orientation) the gyro before or after maneuvers to establish
or re-establish a reference. Command signals originating at the signal
generator can be applied to the torque generator to effectively cancel

gimbal precession and thus measure input rates accurately without permitting

excessive gimbal displacement.

Functional Operation - The functional operation of the MIG can be described

with the aid of the simplified line drawing of Figure A.3. The four essential
functional parts are the gyroscopic element (the spinning gyro wheel and the
gimbal assembly), the viscous damper (C), the signal generator (SG) and the
torque generator (TG). The viscous damper is shown connected to the output
axis such that as the gyro wheel precesses a viscous torque is developed.

As explained previously, the precession rate of the gimbal assembly is
directly proportional to the rotational rate of the gyro case and the ratio

of the gyro wheel angular momentum (H) to the amount of viscous damping (C).
The signal generator (SG) provides a 400 hz output voltage proportional to

the angle of gimbal rotation. The torque generator (TG) provides the capab-

ility, to torque the gimbal about the output axis inproportion to the magnitude

of an externally applied current.

Supplementary Parts - The major supplementary parts of the MIG are the pivots

and jewels, heaters, temperature sensors, bellows and flex leads. The pivot

and jewel are shown in Figure A.3 with a gap between them to stress the fact
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that support is provided by the fluid and not by the pivot and jewel.

The nominal clearance between the pivot and the jewel is about 100 micro-

inches.

The fluid used for damping and floatation has temperature sensitiye density
and viscosity characteristics. The GG248 is thus operated at the optimum
temperature of 170°F to obtain the proper density and viscosity values.

A wire temperature sensing element and a heater wire are wrapped around the
barrel of the gyro. The sensing element is connected into the fourth leg
of a bridge of a temperature control amblifier which controls power to the

gyro heater wire. The gyro temperature is thus controlled to a small

fraction of a degree.

A bellows is used to provide a constant positive pressure inside the gyro
when the gyro is at operating temperature. It also compensates for the
change in fluid volume as the ambient temperature in which the gyro may be

stored goes below the operating temperature.

Flex leads are used to deliver power to the spin motor inside the gimbal.
The flex leads are small (about .0003 by .004 inches in cross section) with
minimum elastic restraint, so that minimal forces are applied to the gimbal
from the flex leads. They are enclosed in baffles for protection from

forces which occur when the fluid freezes.
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APPENDIX 2

Resolver Representation

The input-output relationships 2f a resolver can be shown by means of a
simple diagram, Figure A.4 depicts a resolver schematic and its

equivalent representation.

Independent signals A and B are applied to the stator windings S1 - S3
and S2 - S4 respectively. Outputs C and D are taken from the rotor

windings Rl - R3 and R2 - R4 respectively. The schematic depicts the

resolver shaft at zero degrees and assumes a positive shaft rotation moves

the windings in a clockwise direction. The equations describing the

outputs C and D are thus:

(@]
]

A cose + B sin™4

and D

-A sino{ + B cos &% .

The equivalent resolver represerntation describes the same input-output
relationship by using the horizontal lines to represent coscA and the

diagonal lines the sing{ term.

A -1 multiplier is indicated by a dot on the applicable line.
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APPENDIX 3

ROLL TO YAW COUPLING DURING ENTRY

Yaw Stability Rate Display

During entry the SCS is required to display angular rates about the S/C
pitch and roll body axes and the yaw stability axis. It is desireable to
display yaw stability rate since roll maﬁeuvers during entry will be
accomplished about the roll stability axis which is offset by an angle
(nominally 210) from the roll body axis. Hence a roll maneuver results
in yaw and roll body rates. The SCS rate sensors are body mounted gyros
and thus provide signals proportional to rates about the body axes. To
prevent the sensed yaw body rate from being displayed during a roll
maneuver, a modified roll rate signal is coupled into the yaw channel.
Figure A.5 identifies the S/C roll body (XB), rcll stability (XS) and yaw
body (Zg) axes. For a given positive roll stability rate (és) the roll
gyro will sense éB and the yaw gyro will sense qJB (a negative yaw body
rate). From the diagram it is evident that:

q)BI = éS sin &

and éS = éB cos<,

\iJBl = éB tan=

Thus the sensed yaw body rate signal is effectively cancelled by summing

N Therefore

the roll body rate signal modified by the constant tane into the yaw

channel.
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