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SECTION |
INTRODUCTION

1-1. PURPOSE.

1-2. This handbook provides information on the
assembly and testing of the M. I. T. 20IG Integrating
Gyro Unit (see Fig. 1-1). The handbook is written
specifically for those who are engagedin theassem-
bly and test procedures associated with the 20IG
unit, but it should also prove informative to engi-
neers, designers and others who are interested in
these operations. For informationon other aspects
of the 20IG unit, such as its use and the theory of
its operation, refer to the publications described
in paragraph 1-6.

1-3. CONTENTS.

1-4., The remaining sections of the handbook cover
the assembly and test procedures for the 20IG unit
as follows. Section II briefly describes the physi-
cal characteristics of the 20IG unit. With its cut-
away and exploded views of the over-all gyro unit,
the section also serves as a useful reference for
the reader when using those parts of the handbook
that deal with individual components of the gyro unit.
Section I lists and illustrates the test equipment
and tools normally employed in the assembly and
test of the 20IG unit. Common types of tools such
as screwdrivers, pliers, solderingirons anddrills,
are not listed; however, common types of test equip-
ment, such as voltmeters, are tabulated. Refer-
ences to the items listedin Section III are made as
required in subsequent sections. Section IV de-
scribes the procedure for assembling the individual
components of the 20IG unit. Section V gives the
procedure for assembling these components to form
the complete unit. Section VIcovers the procedure
for centering the two Microsyn electromagnetic
units. Section VII describes the filling of the unit

and the final electrical check. Section VIII gives
a detailed description of the complete test proce-
dure to be made on the assembled unit. Additional
information on the 20IG gyro unit is given in the
Appendices.

1-5. APPLICABLE PUBLICATIONS.

1-6. Informationon aspectsof the integrating gyro
unit other than those covered in this handbook may
be found in reports written by members of the
Instrumentation Laboratory, M.I.T., particularly
in "The Floating Integrating Gyro and Its Applica-
tion to Geometrical Stabilization Problems on
Moving Bases'" by C. S. Draper, W. Wrigley and
L. R. Grohe, Published as Sherman M. Fairchild
Fund Paper No. FF-13 by the Institute of the Aero-
nautical Sciences, New York City (1955). A con-
densed version appears under the same title in the
Aeronautical Engineering Review, Vol. 15, No. 6
(June 1956). This paper gives a complete physical
description and mathematical analysis of the 20IG
Integrating Gyro Unit, including detailed perform-
ance data obtained from typical 20IG units, and
describes the applicationof the units to geometrical
stabilization and rate measurement problems. The
paper also includes an extensive bibliography on the
various types of publications relating to integrating
gyro units. Also relevant is "Suggested Specifica-
tions for the BuOrd Standard Integrating Gyro 20IG, "
(Report R-91, Instrumentation Laboratory, Massa-
chusetts Institute of Technology, Cambridge,
Massachusetts, December 1955), written by David
G. Hoag for the Bureau of Ordnance, U. S. Navy.
This report gives a suggested set of detailed speci-
fications and test procedures for commercial manu-
facture of the 20IG Integrating Gyro Unit.

Occasionally, throughowt this handbook, references are made to specific items of com-
mercial products such as equipment and materials. This is done for convenience. It is not
meant to imply (a) that the products noted are necessarily the best for the particular pur-
poses used or (b) that any other commercial products would necessarily be unsatisfactory.
The products noted are simply those used at the Instrumentation Laboratery, M.I.T., in
connection with the 201G unit and found to be satisfactory for the purposes used.




SECTION II
DESCRIPTION

2-1. OVER-ALL PHYSICAL DESCRIPTION.

2-2. Figure 1-1 is an actual-size photograph of
the M.I.T. 20IG unit. The complete unit weighs
1-1/8 pounds and is 4 inches long by 2 inches in
diameter. The numeral 20 in the designation 20IG
stands for the outside diameter of the case in
tenths of an inch. The letters IG signify that the
unit belongs to the family of instruments called
integrating gyro units.

2-3. The outside of the unit is comprised of a
case that encloses the component parts of the unit
and threads onto an end housing. A component part
of this end housing is a 20-pin connector that is
induction soldered to one end of the housing.
Through the pins of this connector, the electrical
power necessary to operate the gyro unit is sup-
plied and intelligence in the form of electrical
signals is introduced and extracted. On the oppo-
site end of the unit is an end cap that carries the
identification for the gyro unit.

2-4. MOUNTING.

2-5. In operation, the 20IG gyro unit is usually
used as acomponent in a control system. As such,
it is mounted (either alone or in sets, and with its
20-pin connector exposed) in a thermally-controlled
block that is alsoa part of the control system. The
block maintains the temperature of the gyro unit
at a constantlevel. Besides providinga thermally-
controlled heatwell, this arrangement also fur-
nishes a rigid support for the gyro unit. Inaddition,
the gyro unit can be inserted and removed without
disturbing the heater and the associated thermostat.

2-6. Properalignmentof the gyro unit withrespect
to the block, and hence with respect to the control
system, can be obtained by any one of several pro-
cedures. Since the procedures are properly
associated with the particular control system used,
rather than the individual gyro unit, they are not
discussed in this report. A matching female con-
nector, with leads connecting to other parts of the

control system, is attached to the exposed 20-pin
connector of the gyro unit.

2-T. SALIENT PHYSICAL FEATURES.

2-8. Figure 2-1 is a simplified pictorial diagram
that shows the important physical features of the
20IGgyro unit. These are the case, the gyro rotor
(a constant-speed, electrically driven wheel that
is the rotor of a 2-phase electrical motor), the gyro
motor stator, the gimbal, the gimbal float shell,
the pivots, the Microsyn torque motor (or torque
generator, as it is often called), the Microsyn
signal generator, and the components used for
adjusting the balance of the gyro unit. Also shown
are the three mutually perpendicular axes asso-
ciated with the operation of the gyro unit (positive
senses indicated by the directions of the arrow-
heads):

a. The output axis , OA, coincides with the
longitudinal centerline of the unit. This is the axis
about whichthe gimbaland gimbal float shell rotate
as a unit. Its positive sense is outward from the
end of the unit that carries the identification.

b. The spin reference axis, SRA, coincides with
the spin axis, SA, of the gyro rotor when the gim-
balis in its reference position (the position of zero
rotation). The key at the center of the 20-pin con-
nector (ref. Fig. 1-1) is assembled so as to be
in approximate alignment with the positive sense
of the spin reference axis.

¢. The input axis, IA, is at right angles to both
the output axis and the spin reference axis. The
location of the inputaxis is accurately indicated by
a dowel pin set into the outer edge of the end sur-
face of the housing that contains the 20-pin con-
nector (ref. Fig. 1-1). The positive sense of the
input axis is 180 degrees from the dowel pin.

2-9. The gimbal and the gyro motor assembly,
surrounded by helium, are hermetically sealed in
the gimbal float shell. Helium is used because it
is a dry, inert gas that provides a nonoxidizing
atmosphere for the motor bearings. It also has a
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2. The position shown here corresponds to the
orientation shown in Fig. 1-1.

Fig. 2-1. Simplified pictorial diagram of the 201G gyro unit.

high thermal conductivity, which aids in the trans-
fer of heat from the motor to the float shell. The
clearance space between this cylindrical shell and
the case, also hermetically sealed, is completely
filled by a high-density fluid. The shell and the
components attached to it float in the fluid, so that
the loads supportedby the pivots are much smaller
than they would otherwise be. The fluid also pro-
vides the required integrating damping action when
the shell rotates with respect to the case.

2-10. Protruding from both ends of the gimbal
float shell are integral shafts that terminate in
the pivots. Each shaft carries the rotor of an
electromagnetic device called a Microsyn. The
corresponding stators, which are fixedto the case,
have four poles. Each pole carries two coil wind-
ings. The coil windings of the Microsyn torque
motor are connected so that when an input current
signal is received, a rotational torque, or twist, is
applied to the shaft upon which the torque motor
rotor is mounted. The coil windings of the Microsyn
signal generator, on the other hand, are connected
so that, when the shaft rotates, an output voltage
signal proportional to the angular displacement of
the gimbal from its reference position is produced.

2-11. Also evident in Fig. 2-1 are two balance
nuts, threaded at right angles to one another on
studs that are attached to one of the gimbal float
shafts. In addition to the two stud-and-nut com-
binations that are visible, there are two more
hidden by the case. The balance nuts are used for
preliminary balancing adjustments before the float
is put in the case, to bring the center of gravity of
the float assembly essentially on the output axis,
Two balance adjustment forks are provided for re-
fining the balance of the float. These forks make
it possible to carry out final adjustments of the
balance nuts with the gyro unit sealed.

2-12. DETAILED PHYSICAL DESCRIPTION.

2-13. The actual 20IG unit has a number of
features that are omitted from Fig. 2-1 in the
interests of simplicity. For example, the electrical
connections from the external pin terminals to the
signal generator and the torque motor are not shown.
Such details are describedin the remainder of this
section. The gyro unit is first discussed in terms
of its major component parts and assemblies; then
each component is described in turn and its func-
tion in the gyro unit is noted.
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Fig. 222. Cutaway views of the 201G unit.

Note: In this view, the gyro unit
has been rotated 90 degrees
about its output axis from
the position represented in
Fig. 2-1.
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Fig. 2-3. Photograph of the 201G unit showing major components prior to final assembly.

1. Outer case cap 8. Microsyn filler block

2. Outer case assembly 9. Microsyn torque motor

3. Diaphragm assembly stator assembly

4. Torgue motor tie rods 10. Signal generator tie rods

5. Torque motor end housing 11. Main housing assembly
cap assembly 12. Microsyn torque motor rotor

6. Power lead baffle assembly 13. Gimbal fork

7. Torque motor end housing 14. Motor assembly

sleeve 15. Gimbal shell

16. Microsyn signal generator 22. Balance adjustment fork
rotor 23. Balance fork plug
17. Shield No. 1 24, Signal generator end
18. Shield No. 2 housing
19. Microsyn signal generator 25. 20-pin connector
stator assembly 26. Floated units assembly
20. Microsyn filler block 27. Signal generator end

21. Balance assembly and
balance nuts

housing assembly.

Nomenclature for Figs. 2-2 and 2-3

2-14. COMPONENTS. The 20IG unit consists of
the assemblies and parts shown and named on the
cutaway views of Fig. 2-2and the photographof the
unassembled unit in Fig., 2-3. Figures 2-2 and
2-3 show the construction of the individual com-
ponents and the way they fit together to form the
assembled gyro unit. From a comparison of
Figs. 2-2 and 2-3 with Fig. 2-1, an identification
can be made between the actual components and
the features shown in the simplified pictorial view.
The major components (ref. Fig. 2-3) are identi-
fied by the numbers 1 through 25, The Microsyn
torque motor rotor (12), the gimbal fork (13), the
motor assembly (14), the gimbal shell (15), and
the Microsyn signal generator rotor (16), together
with the balance assembly and balance nuts (21),
are all components of the rotating portion of the
gyro unit, and are supported jointly by the flotation
action of the fluid in which they are immersed and
the pivot bearings. This floated portion is called
the floated units assembly (26). The balance adjust-
ment fork (22), the signal generator end housing (24),
and the 20-pin connector (25), together with other
small related parts not visible in Fig. 2-3, make
up the signal generator end housing assembly (27).

2-15. OUTER CASE CAP (1, Fig. 2-3). This end
cap, which fits snugly over the end of the outer

case assembly (2), serves to protect the copper
tubing of that assembly from being tampered with.
It is constructed of aluminum and has a black
anodized finish. On its end surface is the gyro unit
identification, printed on a nameplate decal. The
identifying information includes name, model num-
ber, serial number, manufacturer (M.I, T. Instru-
mentation Laboratory), and adiagram that indicates
the positive directions of the input, output, and
spin reference axes (ref. paragraph 2-8). For the
axis diagram to be meaningful, the end cap must
be oriented so that the direction of the input axis
indicated on the decal is 180degrees away from the
dowel pin on the opposite end of the gyro unit (ref.
paragraph 2-8c).

2-16, OUTER CASE ASSEMBLY (2, Fig. 2-3).
In conjunction with the signal generator end housing
assembly (27), the outer case assembly provides a
hermetic seal for the gyro unit. The outer case
assembly comprises a case (1, Fig. 2-4), a tubing
connector (2), and an approximately 3-inch length
of soft copper tubing (3). The case and connector
are made of brass and have a nickel-plate protec-
tive finish. The copper tubing is employed in the
procedure for filling the gyro unit with the flotation
fluid (ref. paragraph 2-9). This operation is de-
scribed in Section VII.



2. Tubing connector
3. Copper tubing

1. Outer case

Fig. 2-4. Photograph of the outer case assembly.

2-17. DIAPHRAGM ASSEMBLY (3, Fig. 2-3).
The diaphragm assembly, which is located inside
the case at its closed end (ref. Fig. 2-2), absorbs
the expansion and contraction of the flotation fluid
with changes in temperature, and thus maintains
the internal pressure nearly constant. Since the
temperature of the gyro units is kept as constant
as possible in operation (ref. paragraph 2-5), any
changes in the volume of the fluid are small. The
diaphragm assembly is made of two circular pieces
of corrugated beryllium copper (1, Fig. 2-5) that
are soldered together around their edges. Included
in the assembly is a small copper tube (2), inserted
at the edge of the assembly between the inner faces
at the time of soldering. After the assembly is
cooled to room temperature, the tube is sealed,
so that the assembly is vacuum tight. The entire
assembly is given a nickel plate finish to provide
corrosion protection.

2-18. TORQUE MOTOR TIE RODS (4, Fig. 2-3).
These four stainless-steel rods thread into the

main housing assembly (11), securing the torque
motor end housing sleeve (7) and the Microsyn
torque motor stator assembly (9) to the main housing
assembly.

2-19. TORQUE MOTOR END HOUSING CAP
ASSEMBLY (5, Fig. 2-3). The torque motor end
housing cap assembly provides for both radial and
axial bearing support of the floated portion of the
gyro unit at the Microsyn torque motor end. This
assembly comprises the torque motor end housing
cap (1, Fig. 2-6), the torque motor end jewel
assembly (2), the power lead baffle cam (3), a Tru-
arc retaining ring (4), which holds the cam in place,
the jewel ball (5, Fig. 2-T7), the jewel ball re-
tainer (6), and three fillister-head machine screws
that hold the jewel ball retainer in place on the end
housing cap. Figure 2-8 is a cross-section view
that shows how these parts fit together. The torque
motor end housing cap, machined from aluminum,
is secured to the torque motor end housing sleeve
by three screws. The torque motor end jewel
assembly is shown by Fig. 2-8 to comprise the
jewel holder (7) and the float-axis jewel (8). The
jewel is a small doughnut-shaped sapphire. The
corner of the aluminum jewel holder next to the
jewel is spun over onto the jewel, thereby holding
it tightly in place. The power lead baffle cam,

1. Two corrugated pieces of copper
2. Copper tube

Fig. 2-5. Photograph of the diophragm assembly.
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Fig. 2-6. Photographs of the torque motor end housing cap
assembly.

Fig. 2-8. Cross-section view of the torque motor end housing
cap assembly.

1. Torque motor end housing cap

2. Torque motor end jewel assembly
3. Power lead baffle cam

4. Tru-arc retaining ring

5. Jewel ball

6. Jewel ball retainer

7. Jewel holder

8. Float-axis jewel

Nomenclature for Figs. 2-6, 2-7 and 2-8

Fig. 2-7. Photograph of the jewel ball and jewel ball retainer.












































































































































































































































































































































































































































































































