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GYROSCOPIC THEORY:

A,

Definition:

A gyroscope may be defined as a rotating mass, in the form of |
a wheel, which is free to rotate about an axis mounted in a
gimbal, A gimbal, in turn, is a mechanical frame containing
two mutually perpendicular axes, one of which is the axis the
gyro wheel rotates about. The other axis is used to permit

the gimbal to rotate, (Figure 1l-a). A gyro is classified by
the number of degrees of freedom it has. A gyro mounted in

one gimbal is said to have one degree of freedom. (This is
true only if the gyro wheel is not rotating about an axis
parallel with the gimbal axis.) A gyro mounted in two gimbals
is then said to have two degrees of freedom. Two degrees of
freedom is a limit even if a gyro were mounted in three gimbals,
This is true since in this case the gyro would necessarily have
to rotate about an axis which is parallel to one of the gimbal
axis, Figures l-a and 1-b show a single degree of freedom and
a two degree of freedom gyro. Since all of the gyros presently
manufactured by AC Spark Plug are single degree of freedom gyros,

discussion will be limited to gyros of this type.

Gyroscopic action may be defined as the ability of the gyro ele-
ment, generally known as the gyro wheel, to transmit an outside
torque which is gpplied to an axis normal to both the spin axis
(SA), of the gyro element and the plane in which the gimbal lies,

to another axis which is also normal to the spin axis (SA) but
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which lies in the same plane as the gimbal, The axis abeut which
the outside torque is applied is known as the input axis (IA), and
the axis to which the torque is transmitted is known as the output

axis (OA), Figure 2,

These two axes are 90° apart and each is 90° from the SA., The

reason for the torque transmission lies within the ability of

the gyro element to precess since it has one degree of freedom
through the gimbal. The term precess refers to the property of
the gyro to rotate about an axis, the OA, other than the one it is
being forced to rotate around, the IA, Precession can also be ex-
plained by use of Newton's first law of motion concerning inertia

of moving or stationary bodies,

’lConsidering a single'point on the circumference of the gyro ele-
ment, at any instant in time it will have a tangential velocity
vector pointing to a point in space which it will attempt to follow
due to centrifugal force, Figure 3, Observing the gyro element

from a point in space above it, IA appearing as & point, it is noted
that applying a torque about the input axis in either direction will
cause the gyro element to precess in such a manner as to cause the
velocity vector to attempt to always point toward the same point in

space, assuming the same instant in time is considered.

A much simpler method of determining direction of precession is the
right hand rule. First considering the direction of gyro element
rotation, when the fingers of the right hand are curved in the dir-
action of rotation, the thumb will point toward the plus end of the S.A
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Bimilarly, when the fingers of the right hand are curved in the dir-
ection of applied torque about IA, the thumb will point toward the plus

end of the IA,

When a torque is applied about the IA, the plus end of the SA will
attempt to move toward the plus end of the IA, It must be noted

here that when using this rule to determine direction of precession,

it is necessary to remember that the direction is always ggég the

plus end of the SA to the plus end of the IA, The torque which results
about the OA due to precession is known as gyroscopic torque. It is
necessary at this point to acquaint the reader with a fourth axis which
is an intergral part of the gyro. This axis is called the spin ref-
erence axis (SRA). The SRA is a reference from which the degree of '
precession is established. The SA and the SRA are coincidental when
the gyro is nulled or has experienced no precession, The SRA is, as
has been stated previously, a reference and thus it always remains 90°

from the IA when precession occurs,

The entire phenomena of gyroscopic action is caused by a force known
as Coriolis Force. A coriolis force is developed whenever an object is
rotating about two axes simultaneously. As an example, let us assume
there is a body located at a point A on the surface of the earth as |
shown in Figure 4. In a 24 hour period this body must move a distance
equal to the circumference of the earth at the particular latitude of
point A around an axis through the poles. It therefore must have a
component of velocity directed toward the East with respect to an

observer in space,
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If the body were located nearer the equator, such as at point B,
it would have a greater eastward velocity since the circumference
of the earth is greater near the equator, Thus, if the body is
caused to move toward the equator from point A along a longitudinal
path to point B, it will necessarily have to be constantiy accelerated

in order to attain the velocity of the surrounding earth,

Since an acceleration implies that a force is being applied, we may
assume there is a force acting on the body due to the surrognding
earth in the direction of earth's rotation., DLy Newton's third law of
motion, which states that for every action there must be an equal and
opposite reaction, there must also be a force acting upon thé earth
due to the body which tends to oppose earth's rotation, The force

which acts upon the earth is called the coriolis force,

If the body is moved away from the equator instead of toward it, the
coriolis force is reversed. In this case the body would have a greater
velocity than the surrounding earth and would cause a force to act

upon the earth in the direction of earth's rotation, A complete des-
cription of the coriolis force can be given as follows: A body moving
toward either of the poles from the equator will cause a force to act
upon the earth which is in the same direction of earth's rotation and

a body moving toward the equator will cause a force to act upon the earth

which opposes earth's rotation,

The magnitude of the corioclis force depends upon several things. First,
it depends upon the mass of the body that was moved, and secondly it

depends upon how rapidly the velocity of the body has changed in the
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direction of earth's rotation, This change in velocity, in turn, is
dependent upon.two things. First, it depends upon the velocity of
any point on the earth's surface which can be determined by knowing
the angular velocity (w) of the earth, and secondly it depends‘upon
the change in the distance of the body from the polar axis, -Thus,
the coriolis force may be represented by the formula:

FzKmwar

Where: K constant

m = mass of the body
w = angular velocity of the earth

Ar = change in radius to the polar axis

Since K, m and w are all constants, the magnitude of the coriolis
force depends only upon the change in r (ar)., An analogy can be
made between the body moving on the earth's surface and the spinning
gyro element, The formula above would hold true for a gyro where:

K = constant

mass of a particle on the circumference of
the spinning wheel

m

w = angular velocity of a torque applied about
the gyro IA

change in radius of the particle on the circum-
ference of the spinning wheel to the IA

AT

Recognizing the fact that all particles on the gyro element behave
in the same manner, all particles of the gyro element are moving

at a constant angular velocity about the SA just as the body on

the earth's surface moved from the North Pole toward the equator.

If an external torque is applied about the IA, the gyro element will

attempt to rotate about the IA just as the earth rotates about its
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polar axis, The two rotations simultaneously will produce a coriolis
force to act upon the gyro element causing it to precess and produce a
torque about OA. The torque produced about OA can be expressed by the

formula:
Toa = Wyy X Hgy
Where! Top = gyroscopic torque or torque about OA

Wr, = angular velocity of the torque applied about IA

angular momentum about SA of the gyro wheel

o o]
w
=

1]

It should be noted that any variation of Hgy will critically effect

the torque produced about OA, For the output torque about OA to vary
proportionally with the angular velocity of the torque applied about

IA in such a way as to be utilized effectively, the angular momentum of
the wheel about SA (Hgy), must remain constant, This is accomplished
in most gyros by use of a synchronous motor to drive the gyro element at
a constant velocity. Since synchronous motors are depen:ent upon fre=-
quency of the input volﬁage to the motor, a frequency regulator is

used to critically control the voltage frequency and thus control motor
speed at a constant value. The synchronous motor is a physical and in=-
tegral part of the gyro wheel, thus control of motor speed automatically

controls gyro wheel speed,

It must also be mentioned here that if the body on the earth's surface
is moved at a constgnt angular velocity from point A to point B, the
radius to the polar axis changes most rapidly at the pole. Thus, the
coriolis force is a maximum at the pole and decreases to zero at the

equator, The same holds true for the gyro element. As the SA of the
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gyro element precesses toward the IA, the coriolis force diminished
constantly since the particles of the gyro element tend to move'about

the IA rather than away from it. As 90° of precession is approached,

the coriolis force goes to zero,

Single degree of freedom gyros can be divided into three types; each

of which responds to a gyroscopic action about the OA in.a different
manner. The response of a gyro will depend upon what type restraint

is applied to the gimbal, If.the resistance to motion of the gimbal

is due only to the inertia of the gimbal and gyro element»énd to the
bearing fricition of the gimbal, the gyro ia known as an integrating
gyro, This type gyro has previously been illustrated in Figure 2,

The integrating gyro is seldom used and its name has become‘confused witl
that of the rate-integrating gyro. The term "integrating" is often used

when discussing what is actually a rate-integrating type,

A rate-integrating gyro is one which has a viscous restraint applied

to it in addition to its inertial and frictional retraints, A viscous
restraint produces a torque which is proportional to the angular velocitj
of the gyro gimbal about the OA and directed so as to oppose the motion
of the gimbal, Thus, the gyro gimbal will be accelerated until an ang-
ular velocity is reached at which the viscous torque is equal and opposit
to the gyroscopic torque. Since the angular velocity of the gimbal is
proportional to the gyroscopic torque, the change in position of the
gimbal during any time interval will be proportional to the integral

of the input angular velocity; Hence, the gyro is called a rate-in-

tegrating gyro.
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A viscous restraint will be provided if a gyro gimbal is placed in
a fluid as shown in Figure 6, In the figure; the gyro gimb#l co&pletely-
encloses the gyro element so that the fluid will have no torquing effect
about the gyro element SA, As the gimbal begins to move, thé layers of
fluid near the gimbal tend to move while the layers further away from
the gimbal tend to remain stationary., This movement between layers of
the fluid produces a stress in the fluid which opposes gimbal motion.
Since a linear relationship between the angular velocity of ihe gimbal
and the viscous stress of the fluld is sometimes desirable, a special

fluid which has this linearity is often used,

The property of a fluid to set up stresses and to produce viscous
torquing is called damping., Following is a formula for finding
angular velooity at which a pyro rotates about the OA when damping

is involved,

Toa = Op X Wop

Wheret Tpp = torque about the OA

coefficient of damping

Cp

Wps = angular veloelty about the OA

A gyro which is not only restrained by inertial, frictional and

viscous restraints, but is also elastically restrained by use of

such things as springs or torsion bars is called a rate gyro. Ain

elastic restraint is one which produces a restraining torque proportional
to the distance the gimbal has moved from its null; or c¢entered position.

Whenever a rotating gyro gimbal reaches a point where the elastic res-
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traint is equal to the gyroscopic torque, the gimbal will stop rotating
and provide an angular position indication which is proportionﬁl to the
input angular velocity. A rate gyro could be constructed from the rate-
integrating gyro shown in Figure 6 by attaching a spring to the gimbal

to produce the desired elastic restraint.

Of the three types of gyros discussed thus far, AC Spark Plug presently
manufactures both the rate-integrating and the raté gyro. . These gyros
are used for two different applications, these being stabilization and
accelerometer gyros. Each of thes will be examined and explained in

more detail later,

In addition to the torﬁues'thus far mentioned that effect gyro operatien,
another torque referred to as Friction Torque markedly effacts gyro opw
eration, Since in most applications frictional torques greatly degrade

gyro operation, great. pains are taken to reduce them as much as possible,

bne type of fricition, known as Coulomb Friction, is caused by and is
directly proportional to the pressure between gimbal pivets and the gim=-
bal pivot bearings. Since much of this friction is caused by the weight
of the gimbal and the gyro element, it can be reduced to nearly zero by
using a viscous damping fluid which has the same average density as the
gimbal assembly., In this manner the same viscous substance utilized for
restraining purposes as previously mentioned may be used for flotation
purposes to buoy up the gyre gimbal, (or float as it is called when iﬁ
completely surrounds the gyro}elemerﬁl thus reducing bearing fricition
to a very small amount. Gyros using a viscous damping substance fer

flotation purposes are referred to as floated gyros, All of the gyros
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presently manuféctured by AC Spark Plug are flcated gyros,

Another method presently employed on some gyros to aid flotaticn

in decreasing fricition between pivots and pivot bearinés 1s magnetic
suspension, Magnetic suspension is an electrical aid utilizing an
eight pole microsyn which is wired such that it builds up a magnetic
field about the pivot end, thus holding the pivet ;n the bearing center,

Microsyn operation will be discussed in greater detail later,

Gyroscopes are often misunderstood due to the incorract impression
that a gyro tends to remain :igid in space. Actually, if a Eyro
is intended to remain rigid in space 1t must be gimballed about
three axes to allow unreetficted movement such that no outside
torques are able to act upon the gyro element, A gyro may be
moved about any axls just as easily ac a 5tatioqary block with

the same inertia 1f ﬁﬁe input torque is applied about the proper

axis, The property of a gyro which differs from that of a statiorary

mass is that a gyro will rotate about an axis other than the one

about which the outside torque is being applied.

Stabilization Gyros:

Since man first began to increase his movements about the face
of the earth to the present age of space exploration, a need
for orientation ;ith Fis surrcundings has existed. There is
zvailable today an extremely sencitive and accurate means with
which to navigate on water, under the water or in space. Nav-

ization of extrene accuracy has been made possible through the
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use of gyros in a system known as inertial guidance. One of
the important functions of an inertial guidance system is to
accurately control a stabilized platform, which may be rpferréd
to as a controlled member, to insure adherance to a fine liné
of reference from which the desired navigation might be per-
formed. The duty of maintaining a controlled member in the

desired orientation falls to the unit known as the stabilization

gyro.

The stabilization gyros manufactured by AC Spark Plug are éingle
degree of freedom, rate-integrating, floatqd gyros, A simple
1llustration of the type of gyro Jjust mentioned is given in
Figure 6, Beginning with the innermost parts, a simple gyr§
configuration will be given along with the functions of each

component part.

The primary action of a gyro is that of the gyro element, It is
spun about the SA at a given constant speed., The end points of
the SA are physically attached to the float such that any pre;
cession of the gyro element automatically causes an angular
movement of the float, The float ends are pivoted within the
gyro case in jewel bearings and the area between float and

case entirely filled with a viscous damping fluid. The gyro

is so constructed that the pivot axis of the float is coin-
cicental with and assumes the function of the gyro OA. The
gyro case is attached to the controlled member in such a

manner that any movement or angular acceleration of the con=-

trolled member produces an input torque about the gyro IA,
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Since an angular :acceleration about IA produces a proportiqnal'
gyroscopic torgme about OA, the attitude of the controlled
member can be'maimtained by utilizing the gyroscopic torque'iﬁ
the form of an-dle¢trical signal, This is accomplished by‘uée
of a torque generator((T.G.) and a signal generator (S.G.).-
The T,G. is physically attached to one end of the gyro case
concentric to the OA and the S,G. is physically attached to the
other end of the gyro case concentric to the gyro OA, The
function of the T.G, is to transform an electrical signal to a
mechanical movement and conversely the function of the S.G. is
to transform a mechanical movement into an electrical signal,
Both the T.G. and the 8.G. ﬁonsist of two parts, a stator winding
and a metal rotor which moves angularly within the stator, The
rotor is physically attached to the pivot end of the float, hence
any movement of the float causes a movement of the rotor within
the stator, A more detailed discussion of both the T.G. and the

S.G. will be gone into later,

Both the T.G, and the S.G. are aligned on the OA such that they

reach a condition of no output, or null, simultaneously. The

float is equipped with mechanical stops which limit float rotation

to a very small arc and prevent the T.G. and S.G, from retching
electrical saturation. An excessive amount of float freedom,or

gyro element precession, is not necessary since the response time

for error correction is such that the float will normally never rotate
to a position where the mechanical stops are engaged before the error

is driven out,
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Since the gyro case is physically attached to the controlled
member and since the error or controlled movement takes place
between the gyro case and the float, any movement of the con- -
trolled member about the gyro IA will be felt by the gyro ele=-
ment causing it to precess. As it precesses, the float and
the S,G. with it, rotate causing an electrical output from the
S.G. This output is used to operate a servo motor which in turn
drives out the controlled member error angle, As the controlled
member is driven back toward a null, it produces a reverse torque
about the IA from the originai movement, This causes the gyro
element to precess in the opposite direétion, thus returniné'the
S.G. toward a null position. When a condition of no S.G. output
occurs, the servo motor stops driving the controlled member and &
static condition exists until another controlled member movement

takes place.

A simple control diagram using a stabilization gyro is shown

in Figure 7. If a completely stabilized platform is desired
along three mutually perpendicular axes, it would be necessary

to incorporate thfee stabilization gyros whose input axes were
mutually perpendicular to facilitate sensing angular accelerations
about {three platform axes, It would also be necessary to employ
three gimbals; or controlled member, whose axes were also mutually
perpendicular to allow free movement of the stabilized platform,
In addition to using the S.G., output in a servo loop to drive the
servo motor, the same output is employed to null the gyro as shown

in Figure 8. In this configuraﬁion the electrical signal from the
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S.G. is amplified and returned to the T.G. which torques out any
error in S,G. position with respect to null, thus aligning the float
to 1te center or null poeition., Again, as the error ishfelt by the

S.G., 1t sends a signal to the T.G. Lo courrect this errcr and ss the

TG, drives the float in an angular movement the 8.,G. returns te

zero output, thus stopping the T.G. action and again a null condition

exists,

No attempt has been made here to explain all applications and oper-
ations of a stabilization gyro, but merely to familiarize the reader
with the basic functions from which he may expand. Actually, under
varying applications, many variations may be used which are peculiar ;.
to a particular system requirement or design., It must be remembered
that this basic gyro configuration is characteristic of all AC Spark

Plug manufactured gyros,

Accelerometer Gyrosi

The operation of an accelerometer gyroc is basically the same as that
of a stabilization gyro in that it is a rate-integrating, single de-
gree of freedom, floated gyro., The major design difference is in the
gyro wheel, Gyros are employed in a guldance system to perform two
functions, These functions are to sense any deviation of the stabi-
lized platform ffom the desired orientation, which has been discussed,
and to sense any acceleration of the platform while in or out of the
desired orientation, The latter duty falls to the accelerometer gyro.
The accelerometer gyros must sense acceleration along any of the three.

system axes or a combination of accelerations between any-of-the axes,
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Along with the difference in gyro wheel design from that of the
stabilization gyro, the accelerometer gyro reacts differently than
the stabilization gyro in that it will sense an acceleration along

its IA rather than react to an angular velocity about its IA.

The second, or the reaction, is a direct result of the first, or gyro
wheel design. An accelerometer gyro has a specified amount of pré-
cision unbalance displaced along the plus SA and any acceleration
along the IA will cause the éyfo element to act as a pendulum, thus
producing precession and an output torque about OAt{ The pfecision
unbalance of the gyro along the plus SA represents the action of the
gyro known as pendulosity. The degree of pendulosity incorporated
into a gyro determines the degree of gyroscopic torque for a given
acceleration, The gyroscopic torque produced causes an angular move=
ment of both the float and S.G, The S.G. output is utilized to drive
a servo motor which is mechanically linked to the accelerometer, driving
it about its IA, Thus, the accelerometer gyro has become an ACCELERO=
METER, It must be remembered that the accelerometer gyro in itself

is not a ccmplete QCCELEROMETER. The related feedback servo system

is necessary for the gyro to attain this end,

To accomplish this, it is necessary to mount the gyro in a housing
which is pivoted on an axis coincident with the gyro IA. The direc=-
tion of the accelerometer rotation about IA produces a torque about
the gyro IA and a gyro element precession in opposition to pendulosity,
thus attempting to maintain a‘gyro null, The entire process will pro-

duce a constant angular velocity of the acceleromeﬁer'for a.given ‘acagle-



1I,

- 28 e
ration along the IA, As the accelerometer experiences an incrqase

in acceleration along IA, the rotational angular velocity about IA

will increase proportionally. The gyro function of integration stems f1
its ability to distinguish a rate of change of velocity, (acceleration),
along the gyro IA and transform it into a proportional angﬁlar velocity
about IA, This ability forms the basis for the term Pendulous Integ-

rating Gyro,

GYRO PARTS AND ASSEMBLY:
Each of the gyros being considered will be treated individually and
in turn, Major part names are listed in tabular form and will be

identified while assembly sequence and procedure is being disoﬁuad.

1.0 x 107 RATE INTHGRATING GYRO (MOD, II)

Part Namet | Number Reguired!
Trunion 2 (1 each end)
Main Housing ‘ 4

End Housings 2

Jewel Bearings -}

Float Pivots 2

Baffles (metal) 2

Baffles (plastic) A

Flex Leads L

Bellows 8 (4 each end)
Balance Pins | As Required

Float Housing 1
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Float, End Plates

Gyro Wheel

2
 §
Gyro Shaft (SA) 1
Wheel Bearings 2
Motor Stator 1
Hysterisis Rings - -

Heating Element (2 End Housing, 1 Main Housing)

3
Sensing Element ” 1
Microsyn Rotors 2

2

Microsyn Stators

Balance Forks 2 (On front end of Main Housing)
Venier Nuts 4L (On front of float)

Stop Pins 2 (On front of float)

Seal Ball 2 (1 éach end Main Housing)
Sealing Ball Screw | 2

Balance Studs 4

The following is an outline form of gyro assembly which closely follows
aqtunl manufacturing procedures:
I, Visual Inspection of all Partst

A, Deburr parts where necessary,

1, This is a particularly critical area in gyro production. Since
extremely close tolerances are maintained, any foreign material
within the moving parts will seriously degrade gyro performance,
Particles of foreign material too small to be detected by the un=-
aided eye will cause adverse consequences., Thus, all cleaning;

deburring and the ma jor part of assembly must be done under power-.

ful microscopes,



II, Wheel Package Assembly:

III.

A,

B,

C.

D,

Mating Hysteresis Rings to Gyro Wheel:

1, The hysteresis rings are made of a materiel which pdseeasea the
magnetic qualities necessary to cause the gyro wheel, teo which
they are physically attached, to respond as the rotor of a motor,
An interference fit exists between the rings and the shoulder in-
side the wheel face,

Bearing Selection:

1., The appropriate size bearings are selected to fit the gyro wheel,
At the same time the properly sized bearing spacers are selected
to insure proper preload conditions,

Motor Stator:

1, The motor stator consists of wire wound core which fits inside
the gyro wheel and physically attached to the gyro shaft,

Gyro Shaft (SA)

1, The gyro wheel, bearings, bearing spacers and the motor stator
are mounted on the gyro shaft to comprise the wheel package.
Appropriate preloading is employed to insure proper bearing and

spacer fit,

Float Assembly:

A.

One end of the gyro shaft is threaded and the other has a hexagonal
head much like a 5imple bolt, The threaded end is inserted thru the
minus SA side of the float and the wheel package is installed on the
gyro shaft, The threaded end of the gyro shaft extends thru the float
mount aﬁd a nut is threaded on and tightened to ensure proper fit of

bearing spacers. This also accomplishes bearing preloading.
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B. The next operation performed is to install the float end plates.

These are machined to give an interference fit and are drawn down

with cap screws. Once the end plates are properly and firmly pos=

itioned, all floatljoints are sealed with cement, The float is then

evacuated of all air by pressurizing with Helium and leak checking

is done employing a Mass Spectrometer which is sensitive to Helium

gas, After leak checking is completed, a quantity Ef Helium is left

inside the float equal to a pressure slightly over atmospheric, The

purpose of the Helium being left inside the float is to insure a min-

imum of oxidation and to reduce wind friction effects on the gyro wheel.
IV, Mierosyn Rotor Mounting: |

A, The torque and signal micorsyn rotors are fitted over the sﬁud shafts
on both ends of the float. They are aligned to insure coincidence of
their symetrical axes and firmly tightened down with the two holding
screws provided for oioh rotor,

V. Float Pivot Mounting:

A, Each of the float end plates has a protruding stub shaft which has a
drilled hole to receive the pivot body with an interference fit, These
drilled holes are on the flcat longitudinal axic and so situated to
allow the installed pivot to assume the gyro OA. The pivots are pressed
into place and checked for concentricity about the float longitudinal
axis,

VI, Float Balancing:

A, Rotational Balancing:

1, A balancing tank fixture is employed for rotaiional balancing using

two fluids of different density. One fluid density is such that it
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will allow the float to sink and the other fluid tends to buoy
the float up, A set of roller bearings fixed side by side on both |
ends of the tank are employed to either suspend the float By the
pivots in the lighter fluid or to depress the float in the heavier
fluid, (See Figure 9), In both cases the float is comﬁletely
immersed in the fluid, The float is first balanced in the less-
dense fluid and then in the more dense fluid to insure proper
balance, If the float is out of balance rotationally, it will
tend to rotate about its longitudinal axis in the fluid, Coarse
balancing is accompliched by adding balance pins into drilled holes
in the ends of the float in the end plates, The holes are drilled
in the end plates near the circumferential edge. Fine balancing is

accomplished by adjustment of the vernier nuts.

B, Longitudinal Balancing:

1,

Again a tank fixture is used but no bearing supports are used,

In this case the supports are in the form of wires leading from
one end of a balance scale to the pivots of the float, (Figure 10)
The fluid used is an approximate one-half to one-half solution of
the two fluids used for rotational balancing. The object is to
reach a fluld density which Jjust begins to buoy the float so as

to put the least moment possible on the balance arm and yet not
entirely remove the float weight.. The longitudinal unbalance will
be evidenced by a difference in scale readings., Au before, coarse
balancing is accomplished by use of balance pins, being careful

to split the total unbalance between the two pins and placing these

180° from each other around the end plate circumference so as not



Ratational Balancing Fixture

Tank
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Nut Roller
Pivot . Bearing
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Fig. 9 ,

Note: Float pivots rest on top of roller bearings when suspended
in lighter Fluid and underneath bearings when buoyed in
heavier Fluid.

For purpose of simplicity,only one balance pin is shown,
In practice, several pins are installed on both ends of Float,

Longitudinal Balancing Fixture

T
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IR A |

Fig. 10

Note: To obtain a perfect ocalance,Wl must equal W2,
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to destroy fotational balance of the float. .Fine balancing is
again accomplished by vernier nut adjustment, Here also the total
unbalance must be split between two opposite verniers,
VII, End Housing Assembly:

A, The end housing assembly consists of two plastic baffles, power leads,
four (4) expansion-contraction bellows, one metal baffle and a microsyn
stator for each end housing,

1, Of the two plastic baffles, one is slotted to receive the wheel
power leads, although not making physical contact with‘them, and

"% the other acts as a cover for the flex leads, The baffles Just
described are part of the back end housing and also hold the T.G,
terminals in place, |

2, The front ehd housing plaatio baffles serve a similar purpose in
that the 8.G, terminals are anchored in them, In both cases the
plastic baffles are placed into the end housings first,

3., Wheel power leads are fitted into place and soldered.

L. Four (4) bellows are emplaced in each end housing to ebsorb expans=
sion and contraction of the damping fluid should theré be a tran-
sient in gyr§ temperature.,

5, A metal baffle is positioned over that part of the assembly dis-
cussed thus far and fastened down securely with screws. This
baffle protects the plastic part and holds the bellows in place.,

6, The microsyn stators are then mounted and secured in place with
fouf mounting studs.

VIII, Jewel Bearing Assembly:

A, Jewel Bearing Holder:
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2,
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The Jjewel bearing spring is dropped into a drilled hole in the
Jewel holder and followed by a precision steel ball, It is this
ball on which the end of the float pivot makes contact, A ret-
ainer is used to hold the ball and spring in place, . The float
pivot fits thru a hole in the jewel bearing and will make contact
with the steel ball if the gyro experiences a longitudinal shift,
Tolerances are allowed for the gyro to shift longitudinally along
the OA to a very small degree, Ideally the pivots should never
make contact with the steel ball but if contact is made the sph=-
erical surface of the ball describes a minimum contact surface
with the pivot end,

A Jewel bearing spacer, calculated in size to control float travel
along the pivot axis, iﬁ then placed in the end housing to make
up the entire jewel bearing assembly,

IX, Final Assembly!

A,
B,

C.

D.

E.
F,

The
The
the

The

The

The

front end housing is mated to the gyro main housing.

float is installed into the main housing taking care to engage
float stops in the stop holes provided in the face of the end
housing.,

back end housing, torque generator end, is mated to the gyro main
housing.

jewel bearings are mounted to the end housings.

gyro case trunions are mounted to the outside of the end housings.

Heater and sensor windings are installed.

The

gyro is filled with viscous damping fluid,



. - 38 -
X, Hicrosyn Centerings 1 |
A, Microsyns aré centered to insure proper positioning of the micresyn
rotor within the stator both translationally and rotationally and
also to insure both microsyns are at a null simultaneously, Since
the microsyn rotors have already been aligned, further élignmsnt must
concern itself with aajuatmnnt of the microsyn stator mounting studs,

1,0 x 10% PENDULOUS INTEGRATING GYRO
Name! _ Number Required:
Hysteresis Ringe ’ --
Gyro Wheel
Wheel Bearings
Gyro Shaft (SA)
Motor Stator

1
2
&
1
Wheel Fork 1
Float Shell : |
Microsyn Rotors 2
Miorosyn Stators 2
Float Pivots 2

1

(Consists of 4 vernier nuts on

Float Balance Assembly
L balance studs)

Jewel Bearings 2
Main Housing 1
Signal End Housing 1
Sleeve | 1
Flex Leads 3

1

Aluminum Baffle
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End Cap
Can
Sensor Windings

Heater Windings

e o = =

Stop Pin

The following is an outline form of'gyro assembly which closely foliows
actual manufacturing procedures:
I, Visual Inspection of all Parts:

A, The same inspection procedures are followed as for the 1,0 x 107

Model II gyro.
II, Wheel Package Assembly:
A, Hysteresis rings are mated to the gyro wheei.
1, An interference fit exists between the wheel and the rin&a.
B. Sqlect and Install Wheel Bearings:

1, Properly sized bearings are selected and fitted to the wheel, The
wheel and boaringa‘aro centrifuged at 400 g's to remove excess oil
and foreign material,

2., Bearings are preloaded and run-up and run-down checks are made,
Run-up checks and run-down checks are indicative of preload con-
ditions of the wheel bearings,

C. The wheel, bearings and motor stator are mounted to the gyro shaft,

The assembly thus far comprises the wheel package, The wheel package

is then mounted in the wheel fork,

III, Float Assembly:
A, Matching Wheel Package and Fork to the Float Shell
1, The wheel package and fork are fitted into the shell and the joint K
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is crimped at three equi-angular points about the joint circum=~
ference, The entire Jjoint is then sealed by induction soldering,

2, Float Pivots are pressed into place in the ends of the float stud
shafts and checked for concentricity about the floatllcngitudinul
QNLS, |

3. Microsyn roturs are installed, aligned for symetrical axis cone
centricity and firmly secured with two holding screws in each rotor.

B, Balance Assembly:

1, The nalance assembly corwists of a hub which fits over the [leat
stub shaft on the signa! generator end of the float, four bul-
ance studs which protrude from the hub at equi-angular points, and
four vernier nuts which throad onto the balance stude,

IV, Pendulosity:

l. The pendulosity of the gyro may be defined as a function of the torque
produced about OA due to a precision unbalance along the SA and an
acceleration along the IA cau.ing the unbalance to act as a pendulum,
Thus, the magnitude of the resultant torque about OA will depend on
the degree of unbalance and the degree of acceleration. Since the
unbalance is comprised of a mass and its displacement along the SA
and since the mass is held constant, the determining factor involved
is the distance the mass is displaced along the SA from actual center.
This is accomplished by machining the fork end of the float, of which
the fork is physiqally a part, such that the fork itself is displaced
a given distance along the SA and thus holds the wheel package in this
relative position also., In effect the float center of gravity is also
displaced along the SA in the same direction as the wheel location.,

This is a coarse method of regulating pendulosity at best and a means



- b
of critical adjustment to the value required is needed. The fine
adjustment for locating the float e.g., is provided in the addition
of the balance assembly, The vernier nuts are turned on the threaded
balance studs to the point which provides the needed unbalance, Pen-
dulosity is set for each gyro while it is sening one g. by means of
& thread wrapped about the float circﬁmferonce in a direction which
will oppose the unbalance., The end of this thread is then attached
to a precision balance scale and the verniers are aéjuated-to balance
the scale. (Sec Figure 11),

V. Final Assembly:
A. Install float in the main housing.
B, Fit signal end housing to the main housing.,
C. - Install T.G, stator,
D, Fit sleeve to the main housing,
E. Install aluminum baffle,
F., Install power leads and solder in place,
G, Install end cap complete with jewel bearing assembly,
‘H, Center microsyns using the same method as used for the 1.0 x 107
Model II gyro.
I, Install the gyro assembly into the can and cement the joint,
1, The can fits over the gyro unit and butts to the signal end housing.
One end of the can is closed except for a small recepticle pro-
vided for filling operations, This small tube is sealed after
# - f£illing has been completed.
J. Heater and sensor windings are installed.

1, Heater and sensor windings are cylindrically shaped and fit over -

the can,

K. The gyro is filled with viscous damping fluid,



Anh—-Thread

Note: W represents desired pendulosity.

Pendulosity Adjustment

Fig. 11
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A
25 IRIG 1.4 x 105 INERTIAL REFERENCE INTEGRATING GYRO and

26 PIG 0.6 x 10° PENDULOUS INTEGRATING GYRO

Notet The 25 PIG and the 25 IRIG gyros are physically identical except
for their wheel assemblies, Therefore, all gyro parts and assembly
for both gyros are given in one discussion except for the wheel

assemblies where a differentiation will be made,

Part Name: Number Required:
Gyro Shaft ) &
Wheel Hub (IRIG) 1
Wheel Insert (IRIG) 1

Hysteresis Rings
Inertia Rims (IRIG)
Wheel Bearings

Preload Nuts

Preload Bushings

Métor Stator

Floet Hemispheres

Float Gimbal

Microsyn Rotors
Microsyn Stators

Float Pivots

Damping Blocks

Printed Circuit Microsyn Leads
Printed Circuit Shields

Jewel Bearings

NN DN NN N NN N

Bellows End Caps
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End Housings 2
Flex Leads 3
Baffles 2

fav]

Flex Lead Plates

—

Main Housinm
Main Cover Shroud
End Cover Shrouds
Sealing Balls

Sealing Ball Screws

S NN

Balance Screws
Balance Springs
Thermistor
Pendulous Ring (PIG)
Wheel Web (PIG)
Wheel Hub (PIG)

™ = o

Pivot Adjustment Screws

The'following is an outline form of gyro assembly which closely follows actual

manufacturing procedures:

: 3

II,

Visual Inspecﬁion of all Parts:
A, The procedures are similar to proviously mentioned gyros,
Wheel Package Assembly:
A. Bearing selection and preload members installed,
1, Bearings are selected for proper fit to wheel shaft and wheel hub,
The bearings are pressed into place in the wheel hub and the gyro

shaft is f{tted .hru the bearings. The preload nut is dropped over-
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the shaft to fit interface with the bearings, The preload buehing
is then turned into the preload nut to insure amooth throcd opera- 
tion, The wheel bearings are centrifuged at 2,000 g's to remove
excess oil and foreign material.
B, Insert Instaliation:

1, The wheel insert fits over the wheel hub with interference be-
twesn the insert I.,D, and the wheel hub O,D, The wheel insert is
cylindrically shaped and is of the same dimensional widﬁh as the
wheel hub,

Cs Hysteresis Ring and Inertia Rim Installation:

1, The hysteresis rings are fitted over the wheel insert face in the
plane perpendicular to the wheel spin axis and in the center of the
circumferential face. The two inertia rims fit over the insert
face also and butt to the edges of the hysteresis rings on either
side of it, The total face width of the hysteresis rings together
with the two inertia rims is equal to the face width of ﬁhe insert,

(See Figure Below).

NNNNNMHHTENNNAN - Inertia Rim

IIIIIIIIA

EA nu\‘v?\ RTINS

Inertia Rim

Wheel Insert

BB mux

As \\\\\
¥ A

“‘\

Wheel Hub

Hysteresis Rings

D, Preload Adjustments
1, Once the entire wheel is assembled, it is necessary to set in the

proper bearing preload to ensure speéifiod bearing life and operatieor
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This s aboomplished by ﬁrapping a thraad several turns around

the hysteresis rings with a given weight attached to the opposite
end of the thread, The weight is allowed to fall, thus ro&atins
the wheel and preload is adjusted until the desired wheel RPM is.
obtained, This method of setting preload is only en cﬁproximntion,
however, and further adjustments are necessary at a later stage of

assembly, /

III, Float Sphere Assembly:

A,

c.

D,

Motor Stator Installations

1, The motor stator is pressed into the heated float gimbal and ce=
mented in place, When the gimbal cools an interference fit remains
between itself and the motor stator, |

Float Pivot Installation:

1, The float pivots are threaded into the ends of th§ float stub
shafts on each end of the float gimbel, Four pivot adjustment
screws are thron&dé into place for each pivot and uniformly tightenec
while checking pivot concentricity about the rloct.gimbal longitums

| dinal axis, . |

Plus SRA Float Hemisphere Assembly:

1, The plus SRA hemisphere is threaded onto the plus SRA end 6! the
gyro aﬁnrt and cemented in place,

Minus SRA Ploat:Hemiaphoro'kueombly and Wheel Package Installation:

1, Th§ wheel package assembly is installed into the float assembly
and the minus SRA heminphore and bushing are assembled over the
minué end of the gyro wheel shaft, Stainless steel balance weights -

are assembled into the minus SRA and IA portsﬁina‘aluminum balande
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weights are assembled into the minus SRA and IA ports, The SRA
ports aéo located in the float hemlsphers along the SRA and the
IA ports are located in the float gimbal along the IA, The float
assembly is then mounted on pivot rests and two balance urmi of
equal length and weight are installed opposite each other along
the SRA in threaded holes in the float gimbal shaft, A pan is
placed on the end of each balance arm and weights are added to tho
lighter pan .. the float assembly balances on the plvot rests,
From the required welght necessary to balance the float ulaombly;
the proper uhim size is determined and a shim of the presoribed
size and welght is inetalled under the plus SRA bushing and cemented
in place, The minus SRA hemiophere is then mounted in position
and cemented in place, | '

Bearing Preload Adjustmentt

The float is mounted in a fixture that will maintain an atmosphere of
helium gas, The wheel terminals are connected to a two phase, 800
oyole power source and the wheel is brought up to synchronous ocpeed, -
While maintaining a float temperature of 137° fahrenheit, the run-down
time of the wheel from synchronous speed is recorded, If the run-down’
time dces not correspond with the specified value, the bearing pre~
load is adjusted by means of the preload nut while the wheel is running
and run-down times are again taken, Thiabproooduro is repeated as
necessary until proper bearing preload is obtained. The minus SRA
bushing is then cemented and the float is degassed and filled with

helium,
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F. Microsyn Rotor Installation and Alignment:

1, The microsyn rotors are wrung onto the tapéred gimbal stub shafts

and aligned such that the flat surfaces are parallel to the pitch
diameter of the IA balance port threads and the 8.G, and T.G,
rotors are in line across the flats, The microsyn rotors are

then secured in place with cement,

G, Longitudinal Balincings

1, After determining the weight necessary for the proper balance,

weights of the proper size are threaded into the float gimbal stub
shafts in the tapped hole provided, Th§ balance weight hole on
the 3,0, end of the gimbal stub shaft is drilled at righﬁ angles
to the stub shaft and also at right anglus to the balance weight
hole on the T.G., end of ihe.gimbal stub shaft. In other words,
one balance weight hole is parallel to SRA and the other balance
weight hole is parallel to the IA, Longitudinal balancing is done
in a fluid poaaeeuikg a density v‘ry‘aimilar to the damping fluid
used to £111 the unit, ' | ‘

'H. Rotational Balanoings

1.

The float is installed in a [flotation tank and the sized balance
welghts that were installed during longitudinel balancing are ad-
justed along their axis for the proper rotational balance. (See
Figure 12), The balance screws used for this operution are re-
ferred to as the PRA (Preliminary Rotational Adjust) balance weights.
By definition, the term PRA indicates that a coarse balance is
obtained thru adjustment of the PRA balance weights and that

additional adjustments are necessary to reach &n accurate state
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of rotational balance, This critica) area of talance is reached
thru employment of the FRA (Fintl .oto'ional ag'ua) ‘alance
weights provided. The FRA balance weishts, ~f ‘il % voyon
eight in number, are located in the balance porte on bobth ende
of the SRA and IA, Two FRA balance weightc are threaded into
each port and are separsted by a balarcs welighs cpring. Adjust-
ment of the FRA balance woeights along 5iA and IA constitutes final
rotational balaneing of the gyro flcat. ("n the casv of the 25 PIG
unit, the balance screws are adjncted to obtain the ]'nr("pn’r pondui-

osity as required.)

End Housing Assemblys

A,

N,

Terminal Seal Assembly:

1, The terminal seal is fitted intc the end liousing and soldered in
place,

Miorosyn Stator Assembly:

1, The microsyn stator is fittod into the end of thn end housing and
care is taken to insure proper bottoming of the microsyn stator
80 cocking doau nou ocour,

Printed Circuit Assombly:

L. The printed eircuit iz installea in the end housing and tho terw
minals are affixed to the printed circuit and soldered,

Mncapsulationt

L. Following assembly of the entire end housing, it is encapsulated
with pottiing éompcund to physically seal in place all the assembled
parts within., The potting compound also serves as an insulator

for the electrical circuitry within the end housing assembly,
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V. Final Assembly:
A, Tlex Leads:
1. The flex leads are installed in the flox lead plate wnd Quldeéud
in place, . ' ‘ :
B, The T.G., end damping block is inaenlled in the main houadrge
Co A flex lead baffle io installed in the T Gs ond of the wnin h&ua;AK
and segured in plcco with two ncrewc. ‘
D, The gyro float assembly is fittod into the main ﬁéunlﬁr’
E, A damping block and & flex lead baffle are naaomblad Jntu the 5o,
- end of the main housing and secured in pllcn. ‘
F. The flex lead assembly is 1nutallod in the flex lead baffle and
soldered $o the float nnuombly. | | |
G. DBoth end housing assemblies are fitted Lﬁ the min housing and
secured in place. wi TR ‘
Hs Both jewel bearing aupomblica Ars lnnomblod tc the und hﬁuainhu.
1. Similar processes au umploynd fur the l.o 4 107 Nbd01 1 init axe
follpwud to seal the 25 PIC an) 25 IRIG unitu.
Note: Approximately the same procadurel are used to dssbmula
the wheel package for the 25 PIG unit as were used for the
25 1RIC unit, Refer to the liast of p#ft_nanma fcf nomens=
clature differences. .
VI. Filling Procedure:
A. After the unit has been pre-svacﬁaped for 120 hmugs, 4 [ixture
bellows adapter ls mounted on the gyréwror'oaqh bélléws“ The fixe
ture bellows udapt;rﬂ areAuaedlﬁo cohprosn‘the oxpnnaionlcontraction

bellows 4 predetermined amount and to maintain thelr centractsd
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condition throughout the filling operation, This is done to
insure a margin of safety in the event the gyrc experience: :x=
cessive cooling after it has been filled, The gyro is then
evacuated again for a 2 hour period and after this evacuation per-
led the gyro is filled with viscous damping fluid. Once‘the filling
eperation has been completed, both ends of the gyro are sgcaled with
sealinrg balls and sealing plugs.
Note: At the present time the 25 PIG and 25 IRIG upits cannot be

»lassified as cold gyros and therefore must be kept'at a

temperature of 135:i degrees fahreheit for the life of the

Byros.

2FEG-2C 2.0 x 10® FLOATED BERYLLIUM GYRO

Part Name: Number Required:
Working Capacitors 8 (4 for each microsyn)
Wheel Bearings 2
Gyro Shaft 1
Bearing Spacers 2
Motor Stator i
Hysﬂeresia Rings - -
Gyro Hub 1
“*s%.Gyro Rim 1

Gyro Float Gimbal
Gyro Float Shell

Balance Mounts

o N A

Balance Paddles
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Balance Ring |
Microsyn Rotors
Microsyn Stators
Float Pivots
Power Leads
Power Lead Baffle
Balance Forks
Bellows
Jewel Bearing Assemblies
End Housings
Main Housing
Step Pin 1"
Microsyn Shields
Sealing Balls

RN F NN RN F W NN N

Sealing Sorews
The following is an outline form of gyro assembly which closely follows
actual manufacturing procedurest
I, Wheel Package Assembly:
A, Bearing Belection, Evaluation and Calibration:
1. The bsarings which are to be used in the wheel package are
chosen in pairs to insure proper matohing of inner diameters,
The bearing set is the centrifuged at 400 g's to remove ex-
cess oil, A low speed dynamometer ip used to obtain torqPo
traces of th; bearings under the desired preload conditi,%..
This in dene bo determine whether or not the bsarings are
acceptable fap further cisombly into the gyro unit wheel package,



B. Oyro Wheel AasemBly and Balance:
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1, The gyro wheel hub is heated to receive the hysteresis rings
for an interference fit, The gyro wheel rim is then heated
and fitted over the wheel hub, Since the wheel hub is con-
structed from beryllium which is quite light material; the
wheel rim must be constructed of a heavier material to gain
the proper inertial characteristics from which the desired
angular momentum (H) can be obtained,

Next, the bearing package consisting of an inner race

spacer, an outer race spacer and the bearings is assembled

in bearing toola. The gyro wheel is heated and the bearing
package is assembled to the wheel, The bearings are then give

" the desired preload in a balaneing fixture and the wheel is
run Lo synchronization, The degree of unbalance is determined
and balancing procedures are parformed. Those consist of ox=-
tracting wheel material at the points of unbalance until the
wheel is symetrically balanced.

II, QOimbal Assembly:

A.

B.

A float-balance fing of a predetermined weight value is utilized
to act as a longitudinal balance correction for the float, It is
simply a metal ring which is fitted over the float stub shaft on
the signal generator énd of the float. Heat is applied to the
float-balance ring before assembly to the stub shaft so as to
produce an interference fit with the stub shaft.

Assembly of Wheel Package to the Gimbal:

1. The wheel spacers, gyro whéelland motor stator are assembled



- 58 -
to a stub shaft and inserted into the gimbal, Next; the
stub shaft is removed and the final shaft inserted thru the
gimbal and the wheel package to complete the gimbal and wheel
package assembly., The shaft nuts are tightened altgrnately
to provide the desired preload and to coarse balance tﬁe
assembly rotationally.
III, Float Assembly:

A, Shell and Gimbal Assembly:

1, The float shell is heated and slipped over the gimbal.‘ After
cooling, an interference fit remains botween the shell and
gimbal, The circumferential joints are then sealed,

B:s Pivet Inantallations:

1, The pivots are pressed into the pivot holes on sach end. of
the float and cemented in place, After the adhesive has
oured, pivot concentricity to the float longitudinal axis
is checked,

C. Balance Mount Installationt

1, The balance mounts are positioned on the T.G. end of the float
and secured in place with mounting screws and adhesive, The
balance paddles are then poised and threaded into the balance
mounﬁa. Poising of the balance paddles is accomplished by
insuring symetrical bulanc; about the longitudinal axis of the
paddle, 1

IV, Float Balancing!
A, Longitudinal Balanecing: |
1, The longitudinal balanéing is accomplished by adding weight slugs
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to either end of the float shell in the slot provided in each

end of the shell end circumference. It is necessary to add

slugs to compensate for the unbalance present by proportioniné

the necessary weight to two or more slugs. The slugg are then

positioned in the slots at equiangular intervals to p:e#ent des~

truction of the exisitng degree of rotational balance., See Figure 13
B. Rotational Balaneing:

1, The four balance paddles, which are mounted at equiangular in-
tortala about the float end circumrarence; are adjusted by turning
their threaded portion thru the balance mounts to position the
paddles at a point which will rotationally balance the float,
See Figure 14, |

V. End Housing Assembly:
A, Mocrosyn Stator:

1, The microsyn stators are mounted in each of the end housings

| and cemented in place,

2. The shield assemblies are mounted on the microsyn stators
and cemented in place,

3. The whe§1 power leads are soldered to the power lead stand-
offs and the standoffs are assembled to the end housings,

The entire internal assembly is then potted to sepure the parts
in place and to provide insulation of the electrical circultry.
VI, General Assembly of the Gyro Units
A, Power Lead Baffle Assembly:
1, Power lead ribbons are assembled to & soldering fixture,
A baffle collet is then soldered to one end of the ribbon
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and a gimbal collet is soldered to the other, The baffle

collects are then cemented to the baffle,
Jewel Bearing Installation:
1, The jJewel bearing assembly is mounted on the end housing,
The back end housing is mounted to the main housing and the
balance forks are assembled to the main housing, Care must
be exercised to align the balance forks such that they will
receive the balance paddles without interference whén the
float is fitted into the main housing
The microsyn rotors are mounted to the float stub shafts and
aligned,
The float assembly is mounted in a fixture and the main housing
with the attached bick end housing is lowered over the float‘
while checking to insure proper seatipg of the float pivot in
the jewel bearing.
The unit is turned ova§ such that the signal end is up and the
baffle retainer snap ring is fitted in place inside the main
housing.
The power lead baffle assembly is mounted to the baffle retainer
and the gimbal collets are pressed over the power lead posts,
The front end housing is assembled to the main houasing to complete
the assembly of the gyro unit,
The gyro unit is then evacuated and filled with the appropriate
damping fluid, After filling procedures are completed, the unit
is sealed with the sealing ballg and soaling ball screws,

Microsyn centering is accomplishod by utilizing the magnetic sus=
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pension system, Radial vaitages are noted when corresponding pele
pairs of the T.G. and S.G. are shorted out allowing the float pivets
to come to rest against the jewel bearing, A value of center pos-
ition in terms of radial voltages is determined and the ‘magnetic sus-
pension working capacitors values are established to obtaiq the

desired float position,
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1.0 x 10’ RATE INTEGRATING GYRO (Mod. VI-A)

Due to their classified nature, assembly procedures for the Model
VI-A gyro must be omitted from this booklet. Reference may be mﬁde
to Eﬁgineering Specification ES=3737 for assembly procedures. It
may be noted here that except for certain normalizing for parﬂicular
systems applications, the Model VI-A is constructed and assembled
similar to the Model 1I. Two factors which may be meniioned here
that are considered major differences from the Model II, are the
employment of an outer heater jacket or cover on the Modsl VI-A

and also a difference in gyro motor requirements,

3.0 x 107 RATE INTEGRATING GYRO (Mark VII-B)

1,0 x 107 RATE INTEGRATING GYRO (Model VIII)

A

These gyros are currently in a production stage where assembly pro-
cedures are not available or firm, The only purpose in mentioning
them here is merely to acquaint the reader with their existance as

gyros within the AC Spark Plug gyro program,
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III. GYRO TESTING:
The following discussion is concerned with the area of gyro testing;
Each gyro is subjected to test to insure proper operation and quaiity.
Testing procedures differ slightly for the individual gyro typeélor

models and will be discussed separately for each type or model,

1.0 x 107 Mod, II RATE INTEGRATING GYRO

I, Resistance and Continuity Check: -

A. Gyro wiring is checked for open circuits or shorted ¢ircuits,

B, Resistance values for the heater and sensor windings are checked
to establish their adherance to specifications,

II. Microsyn Centering: |

A. Microsyn centering is checked by raising the gyro temperature and
allowing the float to "sink" to the point whers plvot contact is
made with the jJewel bearing, The gyro ls pesitloned wiﬁh the SRA
vertical for this check. Both T.G. and S.G. output is moniLored
for plus SRA up and plus SRA down, Difference in plus and minus
values indicates the amount of translational movement of the
microsyn rotor within the stator and whether or not the microsyn
is centered properly.

ITI. Flotation:

A, Flotation of the gyro 1ls necessary to insure minimum friction
between the pivots and the jewel bearings. This Lis accemplished
by adjusting the gyro temperature, which will control the fluid
density, to a poiht where the fioat neither sinks nor becomes
excesslvely buoyant, Flotation will occur at a point where the
T.G. and S.M, outputs are midway between Microsyn'Centering valucs,
Gyro Qemperature is controlled by controlling the resistance of

the sensor winding. The proper senscr resistance is noted and
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recorded, Gyro operation, while in use and for all further
testing, is performed at the flctation temperature derived froﬁ
this check. |
Iv; Gravity Transients:

A, The gravity transient check is performed to insure absence of either
air bubbles in the damping fluid or damping fluid within the float
cavity., Tests are taken at four positions; plﬁs SRA both up and
down and plus IA both up and down. OA is horizontal at all times
and the ghro wheel is not rotating, With these conditions met,
no outside forces other than gravity will act upon the gyro;
Excitation current is supplied to the control winding of the TG
to hold the float at a nullhpoaition. The amount of current rew
quired to hold this null is recordsd graphically and any unbalw
ance due to elther of the causes previously mentioned will cause
& current fluctuation which ocan be read from the graph,

V. Float Unbalance:

A, To determine any rotational float unbalance, the float is driven
from null to a pﬁint of a given 8,3, output and then driven Back
with a constant input to the T,G, This is done in both a plus
and minus direction from null and the time required to return to
a null is recorded. Any unbalance will be indicated by an sxcassive
return tims differential between the plus and minus reotational dirveas
tion,

VI. Wheel Run-upt
A, The gyro wheel is excited and run to snychronous speed,
B. The starting and running current are checked,
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C.

E.
F.

G.

H.

wilh -
The run-up and run-down times are checked: These will be an in-
dication of bearin. & YTon ind preload.
The voltage where the whee. drops out of snychronizatién is noted
as the voltage is decreasad and th% wheel is running down,
The wheel is checked for proper direction of rotation.
The gyro is checked for a proper S.G, null after the wheel is at
snychronous speed,
Heater power drain is obser;ed after wheel is at snychronous spead,

Heater cycling time is checked, both on and off time,

Tumbling Test:

A,

Since it is impossible to.mnnufaoture & perfect gyro, it becomes
necessary to test the gyro to determine the degree of inaccuracy
present due to a form of unbalance. Generally there are Lhree

different types of unbalance to be considered, These are mass

‘unbalance, risidual unbalance, and compliance unbalance. The

first of these, mass unbalance, can be coniributed to an accume=
ulation of minér machining and assembly inaccuracies but isn't
of an incurable nature since a means of adjustment has heen
provided to neutralize the unbalance in rotatlon by means of

balanecing pins and vernier nuts.

The second type'of unbalance mentioned, risidual, can be contrivuted

| to a combination of torques applied about the OA from flex leads

and microsyn reaction qualities. The torque applied due to flex
leads can be compensated for by applying a constant current into

the T.G. to oppose this torque once the compensation necessary has
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been determined during the tumbling test, Microsyn reaction qualities
can only be controlled thru strict adherance to good manufacturing

procedures and quality control,

The third type of unbalance to be discussed, compliance unbalance,
is the only one which cannot be compensated for to any great degree,
Compliance unbalance is due to inherent material ability to retain
its center of gravity thru restriction of plastic flow, 6r in othef
words, its iscelastic qualities, Compliance unbalance nnylalse

be due to a shift within the floated unit éuch as a movement of
wheel bearing orientation from the original position. This.mighn

be caused in part by oil working its way between the bearings and
gpacers in excessive qunntitioo, hence the reason for centrifuging
the wheel bearings prior to assembly., One method of holding com-
pliance unbalance to a minimum would be adhersnce to atrict assembly

procedures and matéridl selection.

A tumbling test will indicate how much andéof which type of unbalw~
ance is present 'in the gyro. The test table is positioned such that
the table rotational axis is parallel to the earth's axis of rotation.
The table is driven at a constant rate and the gyro, thru closed loop
between the S.G, and T.G,, is allowed to hold itself at a null while
the torquing current required to hold a null is recorded graphically.
Each run consisté of the table being driven thru three complete reve
olutions in both CW and CCW directions, Runs are also made with the
gyro in different attitudes in respect to the table plane., A Fourler

Analysis is done on the graph trace to distinguis the type of une-
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balance from each other and their magnitudes., After coupensations
necessary for mass unbalance correction have been performed, a-

final tumbling run is done to determine ultimate gyro quality,

VIII, Servo Test:

A,

The purpose of a servo test is to determine how well the gyro is
able to maintain an accurate reference from the original attitude,
The degree of inability of the gyro to perform this task is referfad
to as Drift Rate, Again, the table is positioned such that its
rotational axis is parallel to the ERA (earth's rotational axis),
The gyro is positioned on the table in an attitude such that its

IA is coinclident with the table rotational axis to impress the
torque due to earth rotatidn entirely about the JA, The S.G. oute
put is applied to the table drive servo motor so as to drive the
table at a rate propertional to the output torque, or gyroscople
torque, produced by the gyro, A theoretically porfect gyro, heing
space referenced, would cause the table to rotate thru one coumplete
revelution in an exact twenty-four hour period since the earth makes
one gomplete rerlution about ERA in the same period of time, Fop
an actual gyro, the table does not rotate at sidereal rate, This i
due to the effects of unbalance torques about the OA of the gyro
that add to or subtract from the torque produced by the rotation of
the earth, depending upon the direction of unbalance, If the table
rate is measured with respect to the earth and the earth rate sub=-
tracted, the torque about the OA of the gyro due to unbalance ~rque
mey be calculated as a function of gravity and the angle of table

rotation with respect to a given zero reference. The table rate
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can be measured by a photoelectric device triggered by a beam of
light passed by a graduated glass dial mounted concentric with the
table rotational axis, The output of the photoelectric scale reader
is used to trip an elapsed time recorder. Thus, the av;rage rate of
the table for any given angular rotation of the table may be calcule
ated by subtracting the times at which the points occurred on the

elapsed time recorder,

The .unit to signify angular velocity is MERU (milli~earth-rate-unit),
The angular velocity of the earth, which is the most precise readily
avallable rate, is a convenient unit of measurement in testing gyros,
By definition, if the angular velocity of the earth is one ERU
(earth-rate-unit), then a MiRU is one-thousandth of the earth rate,
Hence, to convert a given rate into MERU, divide the given rate by
earth rate and multiply by 1000,

In the discussion of gyro performance and gyro design, it io desir-
able to convert ensily from rate units to torque units. Since

the gyro precessional toroue about the OA is ejual to the angular
momentum (H) of the gyro wheel multiplied by the angular velocity
(w) about the IA, an angular velocity of one FRU about the IA
results in one ERT (earth-rate-torqqr) applied about the OA of

the gyro.
EARTH RATE UNITS TORQUE _UNITS
1 ERU - 15 deg./Hr, - ===~ =-=H ) dyne-cm
1 MERU = ,015 dege/Hry = = = = = = = = HWKI:E) dyne-cm
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Where: H z Angular ~-- -tum of the gyro wheel in
~ gram-cm?:/gec,

"(I-E) = Angular velocity of the earth in respect
“ to inertial space, )
= 7.2722 x 10'5 rad./sec, measured in sidereal
time

1,0 x 10% PENDULOUS INTEGRATING GYRO

Resistance and Continuity Check:!

A,

same as for 1,0 x 104 Model II Rate Integrating Gyro

Microsyn Polarity and Null Check!

A,

The gyro is positioned on the table such that plus OA is horizontal and

wenpeinking West, and plus SRA vertical down. The S.G, is excited

B,
C.
D,

and the table is rotated CW about OA, The S.G. output to an oscillo~
scope is monitored to determine microsyn polarity., The oscilloscope
will indicate the phaqo of the 3.G, output for the particular rofation
about OA of the gyro,

The gyro is checked for a proper null voltage,

S.G., voltages at the float rotational stops are checked,

The gyro is checked for smooth float rotation,

Gyro Wheel Power and Phasing Check!

A,

B,

C.

The current required to run the gyro wheel to snychronization is
noted, This is used as an indication of bearing preload conditions,
Both run~up and rﬁn-down time of the gyro wheel is checked, This
is also an indioatioh of bearing preload conditions,

The gyro wheel is checked for the proper direction of rotation,

This is accomplished by observing the gyro wheel excitation for
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the proper phase lead-lag characteristics,

p IV, Damping Coefficient (CD) Check:
|

A. The gyro is positioned with plus OA horizontal and plus SRA down,

The wheel 1s allowed to reach synchronous speed and the float is
torqued until a 8,G, output of 1,0 volts is reached, The time re-
quired for the float to return to a point where the S;G. output,
voltage is 200 mv is recorded, The Damping Coefficient is calou~
lated using the formulat |

Og = P X 0.,6213 X Tavg.

Where P u Pendulosity

T

avg, ™ Average return time for the float,

The sensor resistance is adjusted until the propar gyro bomperaturo

is reached to provide the required damping,

V. PMriotion Level Cheok:

Ao

The gyro float is torqued about ites OA while float movement is
observed thru S.G. output voltage. The time required and the
condition of float movement is indicative of friotion level betwsen

jewel bearings and float plvots,

VIi. Float Travel Check:t

Ao

The gyro float travel is checked by comparing S.G. plus and minus
stop voltages., S.G. sensitivity is obtained by measuring the
5.G, output voltage at both plus and minus 4°® of float rotation
and taking 1/4 the average of the two voltages,

VII, Tumbling Test:

A,

The gyro is positioned on the table such that the IA is coincident
with the rotationalaxis of the turntable, The table is rotated at
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a fixed rate of 270 degrees per hour, Table position is indexed to
a recorder graph every 10 degrees, The torquing current is recorded
on the graph where it is graphically converted to read in tcrhs of
dyne-cm of torque., The table tilt angle is adjusted for each test
to approximately balance the gyro precessional torque,

Torque records are analysed on a 36 point basis for average terms
and first harmonies, Maximum deviation from the average on each
run is recorded as tumbling threshold, Harmonics are nsaumod to

be errors in alignment of the gyro to the table and are subtracted
from the analysed recording, An additional deviation from the aver-
age is computed for each pun of each test and the larger of these
deviations is known as Compensated Tumbling Threshold, A point for
point repeatability is done by determining the difference between
the first and second revolutions for each test, The larger of these
is known as Tumbling Repeatability,

VIII, Servo Test:
A, With the gyro positioned on the turntable such that the IA is coin-
cident with the table rotational axis, the gyro is allowed to drive
the table thru three uninterrupted revelutions, This is done with

2

the gyro sensing 3 X 1o'3g's and also for 1 X 107%g's,

Actual and theoretical values are compared on a 36 point per reve
olution basis for proper angular rate and position to determine
gyro accuracy.
IX, Sensitivity Ratio Check:
A, The gyro sensitivity ratio is determined by positioning the gyro in
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XI,
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-7 -
servo operation sensing both a plus and a minus one g, and determining t
average table angular rate., The average of the two values detefmines se
sitivity ratio which is a criterion for grading the gyro as to quality.
Risidual Torque Check: ’
A, With the gyro in servo position as above and sensing both a plus
and a minus g., the T.G. reference winding is excited with a spec=-
ified amperage and the average table angular rate is determined,
One-half the distance in the two values is converted into Ayne-cm
of torque and designated as Risidual Torque.
Command Sensitivity Check:
A, With the gyro in servo position as above and sensing both a plus
and a minus one g., the T.G, is excited with varying amounts of
current, Comparison of proportional table rates at each value of
excitation current determines a Command Sensitivity,

25 PIG and 25 IRIG-PENDULOUS INTEGRATING and

INERTIAL REFERENCE INTEGRATING GYROS:
Due to the clalliriéd nature of testing techniques for the 25 PIG and
25 IRIG units, no discussion of the subject will be held in this book-
let, If the reader desires to familiarize himeself with the test pro=-
cedure, he may refer to the following Engineering Specifications,

ES-54,27 ES=5429
ES-5428 ES-5430

It is permitted to mention, however, that in respect to gyro quality,
approximately the same characteristics are noted in test for the 25 PIG
and 25 IRIG units as for each of the rate-integrating and pendulous=-

integrating models previously discussed,
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2FBG-2C FLOATED BERYLLIUM GYRO 2.0 x 10

I, Resistance and Continuity Check:

A.‘ Resistance and continuity checks are done on all the internal
circuitry of the gyro. Included in the check is determination of
the values of resistance within the heater and sensor windings of
the heater jacket to insure tﬁat the gyro is subjected to the pro-

per temperature.

II, Half Power Point Determination:

A, The 2FBG-2C unit utilizes a.mngnetio suspension system to reduce
fricition between float pivots and jewel bearings. For the magnetic
suspension system to operate properly, it must operate on the proper
side of the ourrent;fréquonoy curve and at the right point on the
curve, It can be seen from the current-frequency curve below that a
half power point exists on both sides of the curve, It is extremely
important that oﬁeration of the system is performed at the upper
half power point., The reason for this is that the inductance charac=-
teristics of the microsyn poles reverse themselves between the upper
and lower half power points in respect to frequency. If operation
occurs at the lower half power point on the curve, reaction of the
poles of the microsyn would be such that they would draw the microsyn
rotor away from the pivot center ingtead of toward the pivot center,
Since it is possible to oporate:at elther half power point, a check

is necessary to insure operation at the proper one,
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Lower Half Power Point

\Resomnce

- Upper Half Power Point

Current

Frequency '

Since the reference used in the 2FBEG-2C unit is 1000 cps, it becomes
obvious that the upper half power point must occur at the 1000 cps
point on the curve., This ié accomplished by adjusting a variable cap-
acitor, called a working capacitor, in the magnetic suspension circuit
to obtain the desired operation.

Microsyn Polarity Check:

A, Microsyn polarity is checked by mounting the gyro unit on the turntable
with the plus OA vertical and down and exciting the S.G, and T.G. The
turntable is rot;ted both CW and CCW and rotational direction of the
8.G. output oscilloscope pattern is observed. This check is performed
with no wheel power applied.

Pivot Centering Test and Working Capacitor Adjustment:

A, With the gyro OA vertical and no wheel power applied, the desired
excitation is applied to both the T.G, and S,G. Corresponding pairs
of poles of both the T,G. and S.,G. are shorted allowing the gyro float
pivots to move radially until ﬁhe pivots are resting against the sides
of the jewel bearings. The radial voltage output is noted and recorded
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as Epaye This procedure is repeated for the four pairs of poles for

the T.G, and S.G., and the radial voltagés recorded. When the short is
removed from the pole pairs, the float is allowed to come to rest due
to the inrlgence of the suspension system and the radial voltage is
noted and recorded as Epggte Pivot center radial voltage (ECtr’) is
calculated by averaging E,... for each opposing pole pair and the

working capecitors are adjusted to produce the calculated Eotr' value

when all microsyn poles are operating normally and the float is at

rest in the magnetic suspension system,

Float Stop and Float Freedom Check:

A, With the gyro mounted with plus OA vertical and down and with no

wheel power applied, both the T.,G, and S.G. are excited. The float

is torqued out to the stop in both a plus and minus direction alter=
nately. The 8.G. outputrvoltége and the time required for the float

to return to a null poaition are observed, Float operation while being
drivnn to the stops 1s also observed to insure smooth rotational move=

ment ,

Motor Power Consumption Checkst

A,

Motor power requirements to drive the gyro wheel to snychronization
are noted, A check is also made on wheel power requirements at given

time intervals after the wheel has reached synchronous speed,

Rundown and Preload Test:

A,

Total rundown time from snychronous speed to zero rpm of the wheel.
is observed. Also, by employing an audio oscillator standard to
accurately control wheel power frequency, & rundown time between

600 and 120 rpm's is noted to determine the bearing preload conditions,
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Float Uncertainty Test:

A, With no wheel power applied, plus OA vertical, down and excitation

applied to both the T.G. and S.G.,, the float is torqued to S.G.

output voltage‘ygryiﬁ‘ from zero to stop values. Reverse torque is
applied for each S.u, output to return the float to within 5 mv of

the null position, The tumbling loop is engaged and the degree of
torquing current necessary to balance the float for éach run is re-
corded, The ability of the tdrquing loop to return the float to a bal-
anced, or null, condition and the ability of the float to allow itself
to be driven to a balanced condition with a given torque applied det=-
ermines float uncertainty. This method is used primarily to determine
if théere has been any leakage of damping fluid into the float cavity.
A second type of test is given the gyro to determine if there might be
any gasseous bubble in the damping fluid. In this check the gyro is
allowed to remain at a'null with the above excitations applied and the

temperature is allowed to vary 3° below normal., It has been found

that a temperature variation will cause a bubble in the damping fluid

to move its position in respect to the float and will be evidenced by

a change in torquing current.

Gravity Transient Check:
A, With no wheel power applied, plus OA paréllel to turntable axis, into

the table and horizontal North, and excitation applied to both T.G. and
S.G., the gyro is rotated until plus IA is vertical-down. Twenty (20)
minutes is allowed for gyro stabilization. Torquing current is applied
to the T.G, to null the float. The torquing current is then remov;d

and the tumbling loop is engaged. Torque to balance the float in
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terms of dyne-cm is recorded for a twenty (20) minute period. The gyro
is rotated thru 360° in 90° increments with the preceeding steps re=-
peated for each 90° position., The change in torque to balance from
initial to final values in each orientation will indicate the degree
of unbalance present as they are affected by the full gravity vecter.

X, Oapoéitor Package Check! ‘

A, All of the gyro testing done to the present point ha; been done utilizing
the test console working capacitors. At this point it becomes necessary
to mount the capacitor pcokag; which has been fabricated for the apedi-
fie gyro under test on the gyro and retest sevoral funotioné of the
gyro while using the fixed capacitors, gusdrature resistor and damping
resistor in the package. Those tests which must be repeated are listed
belowt

1. Working Capacitor Values
2, Half-Power Point Check
'3. Pivot Centering Test
. 4e Null Voltage Check
XI, Tumbling Test:

A, With wheel power applied, T.G. and 3.G, excitation applied, plus OA
parallel to the turntable axis, parallel to EA¥30 arc seconds and into
the table and the gyro operating at flotation temperature, the tunbling
loop is engaged. The gyro is positioned with plus IA West for a zero
reference, The tu¥ntabl¢ is driven in a CW direction at twelve (12)
times sarth rate, Four complete CW revolutions are allowed, The dir-
ection of table rotation is then reversed and three CCW revolutions

are allowed, Torque to balance in terms of dyne-cm is recorded through=-
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out both the CW and CCW directions of table rotation., The magrituda
of torque to balance is determined at each 10° increment of turntable
rotation for the last three CW table rotations and all three GCW table
rotations, The resulting data peints are reduced by a Fourier Analysis
and converted to gyro unbalance cocefficients in terms uf MERU., FEew-
duction of the data points by Fourier Analysis separates the degree
of unbalance as contributed by risidual, SRA unbalance, IA unbalance,
compliance and indicates the magnitude of each.

XII. Servo Drift Test:
A, As for the previously discussed units, the servo test is pgrformad Lo
determine the ability of the gyro to maintain aﬁ accurate reference.

The servo drift test lfor the 2FEG-2C unit is conducted as follows:

‘Tho gyro is mountied to the £urntable such that IA is parallel to the
turntable axis, plus IA out of tﬁe table and perpendicular to the LRA,
Plus OA is 45% COW from the East, One hour of running time is allowed
for the gyro wheel to stabilize at synchronous speed,

A compensation current is applied to the T.G, which causes the gyro
to drift noticeably in one direction and the gyro is allowed to drift
under these conditions for one~quarter (#/h) of an hour, The compensatia

current and total drift are roted and recorded as Iy, and Dy,

Another compensation current is applied which causes the gyro drift

rate to decrease or reverse the direction as nected for the first com-
pensation value applied. The gyro is again allowed to drift under these
conditions for one-quarter (1/4) of an hour. The compensation current

applied and the total drift aré again noted and reccrded as lg, and D2,
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A compensation ratio is calculated from the information obtained te
determine the proper average current necessary to compensate for this
risidual unbalance, (R-term). This compensation current is applied and
the gyro is allowed to drift for one-quarter (1/4) of an hour. - If the

gyro continues to drift beyond specifications, fine adjustments are méde

in compensation current to obtain zero drfit.

Once the proper compensation current has been obtained for zero drift,

or drift within specifications, the gyro is realigned to the desired turn-
table attitude and a two (2) hour drift test is run. Several runs with
the gyro mounted in varying attitudes are made to determine final gyro
drift qualities.

Assuming that proper compensation current adjustments were made to pbou

duce gero drift due to rdsidual unbalances, any turntable movement from

the initial position over the two (2) hour period are indicdtive of gyro

{naccuracies due to uncertainty torques and gyro quality. A theoreti

cally perfect gyro free of uncertainty torques would produce ne turn~

table movement duringltha final drift test.,

XIII, Torque Generator Califbration Check:
A., Coarse Control Winding Calibratien Check:

1, With the gyro aligned to the turntable with the IA parallel to
the turntable rotational axis and perpendicular to the ERA, whewl
power and excitation to the T.G. and 3.G. are applied, It is ex-
tremely important that the specified T,G. primary current is maine
tuined throughout the test. The servo loop is closed and several
runs are done with varying values of T.G. secondary excitation.

The time required for the float to travel thru a specified angle
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is recorded and is used to determine T.G. calibration.,

B. Fine Control Winding Calibration Check:

1., Same as for coarse control winding calibration check,

XIV, Flotation Temperature Determination:

A, The method used here is the same as used for the 1,0 x lO7 Mod, II gyro.

XV, Gyro Sensitivity Determination:

A,

NOTE:

The gyro is set up with an initial attitude the same as for the servo
drift test. The turntable is rbtated until the S.G. output voltage reaches
the desired value., At this point the degree §f table rotation is noted,
The table is then quickly rotated in the opposite directioﬁ until a S.G,
null is indicated and table position is again noted. The amount of turne-
table movement required to result in the desired S.G. output and the diff-
erence in turntable position as compared to its initial pcsitlion after w
returning to & S.G, null is indicative of the gyro sensitivity. Theore¢=
ically, a perfect gyro would have caused the turntable to return exsctly |
to its original position when the S,G, null was obtained,

Figure 15 illustrates a special device known as a Fluld Package which is
used while performing all of the final testing of the 2FBG~2C units. The
Fluid Package does not comprise any part of the gyro, but is merely used
as & temperature regulating device for the gyro, The 2FBEG-2C depends on
circulation of heated fluid around it through a ducted Fluld Jacket for
the proper temperature conditions,, The Fluld Jacket, not shown, is phy-
sically attached to the gyro as an outer case about the main housing and
covers over the end housings which allow the heated fluid to pass through
them, The Fluid Package acts as an insulator-oven to aid in maintaining

proper gyro temperature,
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Individual Gyro Characteristicss

7

1.0 x 10" Model II Rate Integrating Gyro:

A,

.D.

Ce

Construction:
1. Aluminum alloy used in basic struclure

2, Cylindrically shaped float,

Symbolism:

1, 1,0 x 107 indicates the gyro wheel angular momentum in

dyne-cm/rad./sec,

Excitation Requlrementss

1. Wheel Supply: (12,000 RPM)

a. 2 phase, 45 volt, 4LOO cps.
b. 400 ma starting current

2. Torque Generator Fxcitation:
a, 120 ma, 400 cps

3., Signal Generator Fxeltuticon:

a, 1 volt; 400 cps

llot. Gyro:

1, The unit must not be a.lowed to cool but must be maintained in
a heated condition for the life of the gyro after filling,

2. TFlokaticn cecurs normlly belween 160 and 165v F,

3, Utilizes blanket heaters to maintain gyro temperature,
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II, 1,0 x 10 Pendulous Integrating Gyrot

A,

C.

D.

Constructions

5

24

Aluminum alloy used in basic structiure
Cylindrically shaped float

Symbolisms

1,

1.0 x 104 indicates the gyro wheel angular momentum in
dyne=-cm/rad./sec,

Excitation Requirementst

1.

2,

3

Hot

1,

2,

Wheel Supply: (8,000 RPM)

a, 2 phase, 4.25 volts, 4LOO eps,
Torque Genarator Ixcitationt

a, 120 ma, 4LOO cps.

Signal Generator Excitation:

a, 1 volt, 4LOO ops,

Gyros

The unit must not be allowed to cool but must be maintained
in a headted condlition for the life of the gyro after filling.
Temperature of the unit is adjusted to obtain the desired

damping characteristics,
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2FBG-2C Rate Integrating Gyro:

A,

B,

Ce

D,

E

Construction:

l, Beryllium is used in basic structure,

2. Gyromet material is used for the heavy metal wheel rim.

3. Oylindrically shaped float,

Symbolism:

1, First number 2 identifies the unit as possessing an angular momentum
of 2.0 x 10° dyne~cm/rad./sec,

2+ FIG indicates the unit as a Floated Beryllium Gyro.

3., R2C indicates the unit model number,

Excitation Requirements:

1, Wheel Supply: (12,000 RPM)
&, 2 phase, 30 volts, 400 cps,

2, Torque Generator Excltatlont
&, 24 ma, 1000 cps.

3., Signal Gonorator Excitation:
&, 10 volta, 1000 cpo,

lagnotic Suspension:

1. Tha‘ unit employs 8 pole microsyn stators combined with 8 working
capacitora,

Cold Gyro:
1, The unit possesses tha ability to be transported and stored at temper
tures below the operating flotation temperaturo of ,lhétl"l".
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IV, 25 PIG Pendulous Integrating Gyro:
A, Construction:
1, Beryllium is used in basic structure
2. Spherically shaped float.
B. Symbolism:
1, Numerals 25 indicate nominal unit diameter in tenths of inches,
2. PIG indicates a Pendulous Integrating Gyro.
3. Unit angular momentum:
a, Titan - 3.0 x 104 dyne-cm/rad./sec.
b. Polaris - 0.6 x 105 dyne-cm/rad./sec.
C. Excitation Requirements:
1., Wheel Supply:
a, Titan - 2 phase, 17 volts, 4LOO cps.
b. Polaris - 2 phase, 28 volts, 800 cps.
2. Torque Generator - Excitation:
a, Titan - 10 volts, 1000 cps.
b. Polaris - 10 volts, 800 cps.
3. Signal Generator Excitation:
a, Titan - 10 volts, 1000 cps.
b, Polaris - 10 volts, 800 cps.
D. Magnetic Suspension:
1, Two L4-pole microsyns and 8 working capacitors.
E. Cold Gyres .
1, The unit is classified as a gold gyro only when it is shrouded,
V. 25 IRIG Rate Integrating Gyro:
A, Constructien:
1.' Beryllium is used in basic structure,

2, Spherically shaped fleat,
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C.

D,

1.0
A.

B.

C.

- 8 =

Symbolisms

1, The numerals 25 indicate nominal unit diameter in tenths of inches,

2., IRIG indicates Inertial Reference Integrating Gyro,

3, 1.4 x 10° dyne-om/rad./sec,

Excitation Requirements:

1, Wheel Supply: (16,000 RPM)

« @&s 2 phase, 28 volts, 800 cps.

2, Torque Generator Excitationt
a, 10V,, 24, ma or 3,6 V,, 10 ma,

3. S8ignal Generator Excitation:
a,. 10V,, 24 ma or 3,6 V., 10 ma.

Magnetic Suspensiont

1, The unit employs 8 pole micorsyn stators combined with 8 working
capaciters,

Cold Gyres

1. The unit is classified as a cold gyre only when it is shrouded.
This enables the unit to be transported and stored at temperatures
below the operating flotatien temperature of 137° F,

x 107 Model VI-A Rate Integrating Gyro:

Constructions

1. Aluminum alloy used in basic structure,

2. Cylindrically shaped float.

Symbolisms

1. 1.0 x 107 indicates the gyro wheel angular momentum in dyne-cm/rad./sec.

2, VI-A indicates particular gyro model.
Excitation Requirements:
1. Wheel Supplys

a, 2 phase, 45 volts, 40O cps.

2. Torque Generator Excitation:
a, 120 ma;, 40O cps.
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3. 8ignal General Excitation:
&, 125 ma, 4LOO ops.
D. QOold Gyro:
1, The unit is cycled to a low temperature of+60°® F. before test and
may be considered a colq gyro.
VII. 1.0 x 107 Model VIII Rate Integrating Oyres
A, Construction:
1, Aluminum alloy used in basic structure,
2, Cylindrically shaped fleat, lead seals,
B, Symbolism:
1. 1.0 x 107 indicates the gyro wheel angular momentum in dyne-om/rad./sec,
2, Numeral VIII indicates particular gyro model,
C. Excitation Requirements:
1. Wheel Supply:
a, 3 phase, 120 volt, square wave,
2. Torque Generator:

a, D.C, excited, permanent magnet, single winding. Scale factor =

7.5°/hr./ma of torquing current.

3. Signal Generator:

a. Capacitive pickeff operating on 25 volts, 5 KC,
D, Cold Gyro:

1. The unit operates at a flotation temperature of 125° F, Temperature
cycling to+65° F. is done after filling and the gyro is classified
as cold,

VIII. 3.0 x 107 Mark VII-B Rate Integrating Gyros
A, Construction:
| l, Aluminum alloy is used for the outer housing basic structure and

f
Beryllium is used for the floated unit structure.
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D.

E.
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2, Cylindrically shaped fleat,
3. A mechanical type torquer is uso& in some units,
Symbolism:
1, 3.0x 107 indicates the gyro wheel angular momentum in dyae-cn./rid./loc.
2, MK VII-B indicates the particular unit model,
Excitation Requirementst
1, Wheel Supply:
&. 2 phase; 45 volts, 4LOO ops.
2, Torque Generator:
a, D.C. Exeited, permanent magnet, single winding when mechanical
torquer is net used.
3. Signal Generator Excitation:
@, 30 ma, 1000 cps.
Hot Gyre
1, Heat must be maintained on this unit continuously after filling,
Operating floation temperature is 1451 1°r,
Magnetic Suspension:

1. Same as previous units,
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NICROSYN THEORY

A,

Mark VII Micresyn:

1,

Magnetic Suspensien:
&, DBasically, the Mark VII micresyn has two functions, The first fune-
“tien is to magnetically suspend the fleat pivets ef a gyro in the
radial center of the jewel h'nrings.to,rodncc-Goula-h~friction and
the second function, depending on whether a signal or torque micro-
syn is being discussed as on pages 18 and 19, is either to produce
a signal which will indicate the rotation and direction of rotatien
of a gyro fleat, or to produce a torque which will rotate the float
of the gyro in the desired direction. Accordingly, thi-&iacuasion
of the micresyn is divided into three sections, One section deals
with torque micresyn and signal microsyn eperation,

To become familiar with the principle of magnetic suspension, it is
necessary to analyse and understand the simple cirecuit as shown in
Figure 16 and apply eur analysis to the Mark VII microsyn,

W : &=

Figure 16
In Figure 16, E represents an AC generator, L is the inductance eof the

coil wound on the Ferro magnetic A, R is the inherent resistance in

the coil windings, and B is a movable block of Ferromagnetic material.,
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The combination of E; R and L, including associated wiring, will be
called the electrical circuit and the combination of A and B will be

called the magnetic circuit,

Inductance can be defined as the ratio of the number of flux lihea
passing thru a coll to the magnitude of the current passing thru the
coil. In a magnetic circuit, the flux in the circuit is propertional
to the current in the circuit and inversely proportional to the gap
between A and B, Thus,the inductance in the electrical circuit turns
out to be inversely proportional to the gap spacing and ﬁherefore

changes as B is moved, Hsthemltieally these statements appear as

followss
LI N .
d =3 L. + . NI = _g_
Where:f & Flux & = Constant
I « Current N = Number of turns

in the coil
L « Inductance

C = NA = Constant
X <= Gap Spacing
These formulas are approximately correct in the range where the gap

spacing is greater than zero and the ferromagnetic core is not satura-

ted. A graph of L versus X is shown in Figure 17.

" Figure 17
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S8ince the energy in the magnetic field surrounding a coil is g:l.von.
by the formula W = 1/2 1%, where W is the energy, I is the ourrent
in the cirouit, and L is the inductance, it follows that the energy
contained in the magnetio field changes as B is moved, |
Now let us modify the oirouit given in Figure 16 by adding a capacite
0 to the electrical circuit as shown in Figure 18, |

nnAt jl"‘L"'

UUUCU

Figure 18

An AC oircuit which contains an inductor (L) and a capacitor (C) has
the property that for particular values of L and C the circuit will b
at resonance, A charactepristic of this type of circuit is that at th
resonance point the current which flows thru the circuit is at its-
maxi mum valué. On either side of the reeon‘nce point the current de-
creases rapidly. Thg rapidity of current decrease is dependant upon

the size of the'compononts in the circuit,

The capacitor in the circuit has a fixed value, but the value of the
inductor changes as B is movéd. Therefore, in Figure 18, if the indw
tance is originally too small for the electrical circuit to be at re-

sonance, the circuit will approach resonance as B is moved in the X
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direction, The point at which resonance occurs is labled RES
graph of the relationship between 12 in the electrical circ . and

the distance X which B has been moved is shown in Figure 19,
RES

Figure 19
By referring to the equation for the energy stored in the magnetio
field of a coil (W = 1/2 IZL), we can conclude that the graph of the
energy stored in the coil field looks similar to Figure 19 except th
it is slightly modified by the decrease of inductance with gap spaci

The relationship between distance and coil energy is very important
in the explanation of magnetic suspension. The fact that the coil
energy increases as B is moved toward the resonance point indicates
that we are moving against a force which is acting on B due to the
magnetic field, and that by overcoming this force we are forcing ene
into the magnetic field. On the other hand, as the resonance point
is passed the energy in the magnetic field decreases indicating that
the field is supplying a force which is helping to move B and thereb;
diminishing the energy contained in the field. The force acting on

at large distances from the resonance point is negligible. Therefor
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a general statement about the forcve acting on B is that it is signi-
ficant only near the resonance point and is directed in such a manner
as to remove the electrical circuit from resongpnce. A graph of the

force (F) versus X is shown in Figure 20.

Force

Fi.uri 20

The arrows in Fig, 20 indicate which direction is meant by the twe
polarities of the foroe, |

Until now, discussion has been limited to the effect of a single re-
sonant oircuit upon a block of ferromagnetic material placed in the
circult mangetic field., Let us now direct the discussion toward the

effect of several magnetic fields on a block as shown in Figure 21,

C

+$0 1

J |

UU U U
L L

22

A
Figure 21

Instead of one force acting'on B, there is now a force on both ends

of B, On the left end there is a force in the direction of Ll since
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the left end is located in space before the resonance point, and on
the right end there is a force in the direction of Lp. If the two
foroes are not equal, block B will move in the direction of the
stronger force, In order to clearly present what is taking place,
let us refer to the force diagram at both ends of B as shown in Fig;
ure 22,

!

0

#
T
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-
Laf
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Figure 22

The arrows in Figure 22 indicate the direction of the force and the
graph indicates the magnitude. A word of caution must be mentioned
before proceeding. The force diagram does not indicate the existenéo
of a field of force in space resembling the diagram. A force of given
magnitude exists only when the end face of B is situated at that parti-
cular point in space, Thus, the graph in Figure 22 does not mean that
different points of B have different forces acting upon them, but only
that at the two énds of B there are forces which have the magnitudes

as indicated by the graph at these points,

In Figure 22, when B is at position (a) the forces on both ends of the
block are equal, Therefore, the block will not move. Now let us

assume that due to an external force B is moved to position (b). The
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forces on both ends of the block are no longer equal and the block
will be forced to move back to its original position due to the influ-
ence of the unequal forces, Thus a means has been developed to clamp

B at a point between the two reasonant magnetic circuits.

If B is acted upon by such a large external force as to force it to
position (o) or to any point where one end of B is slightly past the
maximum point indicated on the force diagram, the sum of the forces
acting on the end faces of the block no longer attempt to move the
block back to its original position, For this reason, circuits which
utilize magnetic clamping are constructed in such a manner as to make
it impossible for the clamped unit to physically move beyond a given
desired position, Thus, the unit is magnetically clamped between these
physical limits.

A schematic diagram of the Mark VII microsyn is shown in Figure 23,
There are eigh? poles each of which contains two windings, The sec=
ondary windings marked S are used either to develop a torque in the
microsyn or to develop a signal which is sent to an external circuit to
indicate that float rotation has occured. The primary windings marked
P are grouped together in pairs by connecting the primary windings of
two poles in series and are used to develop the magnetic suspension
forces and also to induce voltages in the secondary. The insert marked
B is actually a microsyn rotor which is physically attached to the

float end,

The opposing poles of the microsyn act together to clamp B as the pre-
vious discussion has indicated, but in this case the poles completely
surround B causing a clamping action in all directions and B may be

said to be radially suspended.
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In the previoug discussion very little attention was given to the flux
paths in the magnetic material, In the Mark VII, due to the complexity
of the circuit and the dual purpose of each primary coil, this must
not be ignored. The instantaneous flux paths are indicated by.the
dotted lines in Figure 23, However, the flux paths in B have been

shown only for pole 1,

There are two types of motion that B may possess. Either translational
movement along the diameter of the pole face circle, or rotational
movement, either CW or CCW, about the float longitudinal axis, It is
desired that the rotational movement be indicated by an increase in the
number of flux lines through poles 1, 3, 5, and 7, and by a decrease
in the number of flux lines through poles 2, 4, 6 and 8. This is‘whgt
will happen with the poles wound as shown in Figure 23. 'Npte that this
is true only because the windings on poles 1 and 5 are wound opposite
to the windings on poles 3 and 7. Therefore, the decreases in reluc-
tance to flux lines intohB is coupled with a decrease in reluctance to
flux lines out of B and the flux increases. If the windings were not
wound differently, the decrease of reluctance into B would be coupled
to an increase in reluctance out of B and the flux thru all poles would

remain constant,

Another point which can now be understood is the necessity for two pri-—
mary coils being series connected. It is necessary that the magnetic
suspension system be sensitive to translational movement and yet if
rotational movement of B causes an increase in flux thru a pole, it
will change the inductance of the coil which is wound on that pole,

By connecting two adjacent poles in series, an increase in the induc-
tance of one is compensated for by a decrease in inductance of the

other causing the suspension system to be insensitive to rotational
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Mark VII Magnetic Suspension Microsyn
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Fig. 23
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movement of B,
2, BSignal Microsyn:
&, The signal microsyn functjon of the circuit is accomplished thru the

use of secondary windings half of whieh are wound so as to produce.a
voltage in phase and the other half wound so as to produce a voltage
which is out of phase with the primary excitation voltage. In Figure
23 the secondaries on poles 1, 3, 5, and 7 are wound in phase and the
secondaries on poles 2, 4, 6, and 8 are wound out of phase with their
respective primaries, If B is in its neutral (null) pobition,Atho flux
through all polee is equal and the voltages induced in the secondaries
are equal, Since the secondary windings are series connected, the in and
out of phase voltages produce an output of zero when algebraicly added
together, The instantaneous polarities are shown on the diagram, A
rotation of B in the CCW direction will cause an increase in the mag=-
nitude of the in-phase voltage and a decrease in mngniﬂude of the oute
of-phase voltage, The output voltage will therefore be ianhano with
the excitation voltage and of a magnitude proportional to the rotational
distance traveled by the microsyn rotor., Similarly, a CW rotation will
produce an out-of-phase voltage output., Thus, we have a device which
indicates direction and magnitude of rotation.

3. Torque Micorsyn:

a., A torque microsyn differs from a signal micorsyn only in the respect

that a voltage is applied to the secondary windings in order to strengthen

or diminish the magnetic fields through certain poles and thus create

a force which tends to rotate the microsyn rotor. If a signal in phase
with the primary voltage is applied to S, in Figure 23, the motion created
will be CCW. An out-of-phase voltége on S, will produce a CW rotor move-

ment .
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SYSTEMS APPLICATIONS:

o -
e
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MACE

TITAN

POLARIS
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ALRI
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Model II

3
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Model VI-A ||

Model VII
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3,0 x 107
MK-7-B

2FBG=-2C

25 PIG

25 IRIG
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e T e Ty |

“Note:

e
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VU B A A T
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The 107 Model LI gyro was used as_a Mace gyro earlier in the program
but has been superceded by the 107 Model VI-A unit



BIBLIOGRAPHY

"MITAC", The Classroom Gyroscope: AC Spark Plug Division, GMC,

An Introduction To The Study of Gyroscopic Instruments: Weems,
William R,, Cambridge, Massachusetts Inatitute of Technology.

Engineering Specification References

Test_Spec. Assembly Spsg.

1.0 x 107 ES-367L ES-2495
Mod, II ES-3671
1,0 x 1o“ ES=-3281 Drawing No's,
Mod, II-A ES=3675 8554463, 7919275,
ES=3569 "GLET60 & 7909175
1.0 x 107 ES=5411 ES~3737
Mod, VI-A ES~5412
25 PIG & ES-5427 ES=322l,3225,3226,
25 IRIG ES=-5/28 3227,3230,3236,
ES~5429 3237,3238,3240,
ES=5430 3241,3242,324L,
3245,3246,3247,
3256,3257,3258,
3260,3261,3262,
3263,326L,3265,
3266,3267 3441,
55y, 5902, 2191,
2229,2310,2866
2FRG =20 XES=-6169 XES-b28L,

XES=6313





