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SECTION I 

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 engaged in the assem- 

bly and test procedures associated with the 201G 

unit, but it should also prove informative to engi- 

neers, designers and others who are interested in 

these operations. For information on other aspects 

of the 2016 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 201G unit 

as follows. Section II briefly describes the physi- 

cal characteristics of the 201G 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 111 lists and illustrates the test equipment 

and tools normally employed in the assembly and 

test of the 201G unit. Common types of tools such 

as screw drivers, pliers, soldering irons and drills, 

are not listed; however, common types of test equip- 

ment, such as voltmeters, are tabulated. Refer— 

ences to the items listed in Section III are made as 

required in subsequent sections. Section IV de- 

scribes the procedure for  assembling the individual 

components of the 201G unit. Section V gives the 

procedure for  assembling these components to form 

the complete unit. Section VI covers 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 201G gyro unit is given in the 

Appendices. 

1-5. APPLICABLE PUBLICATIONS. 

1-6. Information on aspects of 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 "T he 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 201G 

Integrating Gyro Unit, including detailed perform- 

ance data obtained from typical 201G units, and 

describes the application of 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 201G, " 

(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 201G Integrating Gyro Unit. 

Occasionally, throughout 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 Laboratory, 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 .  201G 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 201G 

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. 0n 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 201G 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 also'a part of the control system. The 

block maintains the temperature of the gyro unit 

at a constant level. Besides providinga thermally- 

controlled heatwell, this arrangement also fur- 

nishes a rigid support for the gyro unit. In addition, 

the gyro unit can be inserted and removed without 

disturbing the heater and the associated thermostat. 

2-6. Proper alignment of the gyro unitwith respect 

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. 

2-7. SALIENT PHYSICAL FEATURES. 

2-8. Figure 2-1 is a simplified pictorial diagram 

that shows the important physical features of the 

201G gyro 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 , 0A, coincides with the 

longitudinal centerline of the unit. This is the axis 

about which the gimbal and 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— 

bal is  in its reference position (the position of zero 

rotation). The key at the center of the ZO-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. 

c .  The input axis, IA, is at right angles to both 

the output axis and the spin reference axis. The 

location of the input axis is accurately indicated by 

a dowel pin set into the outer edge of the end sur- 

face of the housing that contains the ZO-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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filled with fluid. 

2. The position shown here corresponds to the 
orientation shown in Fig. 1-1. 

Fig. 2-]. Simplified pictorial diagram of the ZOIG 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 supported by 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 fixed to 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 ZOIG 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 described in 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. 2-3. Photograph of the ZOIG unit showing major components prior to final assembly. 

8. Microsyn filler block 
9. Microsyn torque motor 

stator assembly 
10. Signal generator tie rods 
11. Main housing assembly 

1. Outer case cap 
2. Outer case assembly 
3. Diaphragm assembly 
4. Torque motor tie rods 
5. Torque motor end housing 

cap assembly 
6. Power lead baffle assembly 13. Gimbal fork 

7. Torque motor end housing 14. Motor assembly 
sleeve 15. Gimbal shell 

12. Microsyn torque motor rotor 

16. Microsyn signal generator 22. Balance adjustment fork 
1'0“” 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. F loated units assembly 
20. Microsyn filler block 27. Signal generator end 
21. Balance assembly and housing assembly. 

balance nuts 

Nomenclature for Figs. 2-2 and 2-3 

2—14. COMPONENTS. The 201G unit consists of 

the assemblies and parts shown and named on the 

cutaway views of Fig. 2—2 and the photograph of 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 180 degrees awayfrom 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. 2-7),  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 ”we" lead bame cam’ 

1. Two corrugated pieces of copper 
2. Copper tube 

Fig. 2-5. Photograph of the diaphragm assembly. 
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Fig. 2-6. Photographs of the forque motor end housing cop 
assembly. 

Fig. 2-8. Cross-section View of the rorque motor end housing 
cop assembly. 

1. Torque motor end housing cap 
2. Torque motor end jewel asseubly 
3. Power lead baffle can 
4. Tru-arc retaining ring 

. Jewel ball 

. Jewel ball retainer 
7. jewel holder 
8. Float-axis jewel 
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Nomenclature for Figs. 2-6, 2-7 and 2-8 

Fig. 2-7. Photograph of the iewel ball and iewel boll retainer. 



made of stainless steel, is used to adjust the tension 

or compression of the flex leads mounted in the 

power lead baffle assembly (6, Fig. 2-3). The 

eccentric cam engages a slot in the baffle assembly, 

so that rotating the cam moves the baffle plate with 

respect to the end housing cap. The jewel ball, 

made of tungsten carbide, is 1 millimeter in diam— 

eter. The jewel ball retainer is machined of 

aluminum. 

2-20. POWER LEAD BAFFLE ASSEMBLY (6, 

Fig. 2-3). The power lead baffle assembly is 

designed to protect the three flex leads that supply 

power to the gyro motor assembly located in the 

floated portion of the gyro unit. The flex leads are 

thin flat ribbons, approximately 1—1/4 inches long 

and O. 001 inch by 0. 009 inch in cross section, made 

of an 85-percent-silver, 15-perce‘nt-copper alloy. 

They are immersed in the flotation fluid. Tem- 

peratures below the freezing point of this fluid can 

be expected during the normal shelf life of many I 
gyro units. Since the flotation fluid cracks when it 

freezes, the flex leads are subject to fracturing 

during extremely cold weather. This unfortunate 

situation is remedied by placing the flex leads in - 

slots in the power lead baffle assembly. In the 

slots, the cracks of the flotation fluid resulting 

from freezing are small and weak, so that the 

fracturing effect can be withstood by the flex leads. 

(Further information on this subject is contained 

in Instrumentation Laboratory Engineering Note 

E-115, "Flex-Lead Tests," by J. J. Jarosh and 

J. A. Hogg, dated November, 1951). The power 

lead baffle assembly comprises the power lead 

baffle plate (1, Fig. 2-9) and three brass power 

lead terminals (2) bonded to it. The baffle plate, 

which contains three spiral-shaped slots for housing 

the three gyro motor flex leads, is made of a plastic 

resin that is a good electrical insulator. The baffle 

assembly is held in its proper position relative to 

the torque motor end housing cap assembly (ref. 

paragraph 2-19) by three fillister-head machine 

screws. 

2-21. TORQUE MOTOR END HOUSING SLEEVE 

(7, Fig. 2-3). The torque motor end housing 

sleeve is a cylindrical piece of machined aluminum 

that surrounds the Microsyn torque motor stator 

assembly (9) and supports the torque motor end 

1. Power lead baffle plate 2. Power lead terminals 

3. Slot for eccentric cam 

Fig. 2-9. Photograph of the power lead baffle assembly. 

housing cap assembly (5). It also acts as a spacer 

to achieve coarse end shake adjustment (ref. Sec- 

tion V). Slots are provided in the sleeve, through 

which final radial and rotational adjustments canbe 

made to the position of the Microsyn torque motor 

stator assembly. 

2-22. MICROSYN FILLER BLOCK (8, Fig. 2-3). 

The Microsyn filler block, which is a cylindrical 
piece of machined aluminum with a protective hard- 

coat anodized finish, butts up against the Microsyn 

torque motor stator assembly. It serves to take 

up space that would otherwise be occupied by the 

filling fluid. ' 

2-23. MICROSYN TORQUE MOTOR STATOR 

ASSEMBLY (9, Fig. 2-3). In conjunction with the 

Microsyn torque motor rotor, the Microsyn torque 

mOtor stator assembly is used to apply torques to 

the floated units assembly in accordance with an 

applied input signal. This assembly consists of a 

stator core (1, Fig. 2-10) made from insulated 

laminations of high-permeability iron-nickel alloy 

called Hypernik, four identical coil assemblies (2), 

a stainless-steel stator mount (3), and the wire 

jumpers required to complete the electrical circuit 

of the Microsyn torque motor. The stator core 

has four symmetrically spaced poles whoseinner 

cylindrical surfaces are machined to a common 

radius. These surfaces are concentric with the 
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outer cylindrical surfaces of the Microsyn torque 

motor rotor (12, Fig. 2-3). The four coil assem- 

blies are mounted on the four stator poles in the 

manner shown in Fig. 2-10. Each coil assembly 

contains two separate, electrically isolated wind- 

ings; all windings are physically identical, with the 

same wire size and number of turns. Each winding 

on each pole has a mate on each of the other poles. 

The mating windings are connected in series to 

form an input circuit and an excitation circuit (ref. 

Section VI for the details of these connections). 

2. Coil assembly 

3. Stator mount 
1. Stator core 

Fig. 2-l0. Photograph of the Microsyn torque motor assembly. 

One of two torque-motor designs is used:one oper- 

ating on direct current, the other on 400-cps alter- 

nating current. In either instance, the excitation 

circuit is supplied with a constant input. The 

magnitude and sense of the input signal applied to 

the input circuit controls the torque applied by the 

Microsyn unit to the shaft upon which the rotor is 

mounted. The stator mount, bonded to the stator 

core laminations and secured there by four nuts 

and screws, has four spring feet located between 

the main housing assembly (11, Fig. 2-3) and the 

torque motor end housing sleeve (7). The spring 

feet are secured there by tightening the torque 

motor tie rods (4). The spring feet act as a strain 

relief by reducing strains in the Hypernik lamina- 

tions that result from temperature changes. 

2-24. SIGNAL GENERATOR TIE RODS (10, 

Fig. 2-3). These four stainless-steel rods thread 

into the signal generator end housing (24) and secure 

the main housing assembly (11) to it. 

2-25. MAIN HOUSING ASSEMBL’Y (11, Fig. 2-3). 

In conjunction with the gimbal shell (15), the main 

housing assembly provides the damping gap used 

to obtain the required integrating damping action 

described in paragraph 2-9. The main housing 

assembly consists of the main housing (1 , Fig. 2-11), 

and a sensing coil assembly (2) that fits inside it. 

This sensing coil assembly, which comprises about 

27 feet of wire around a coil form, wound noninduc- 

tively in a single layer, is used in the test proce- 

dure (ref. Section VIII) to determine the tempera- 

ture of the damping fluid. It may also be used in 

a control circuit to maintain the desired tempera- 

ture in a specific application of the gyro unit. The 

main housing itself is machined from aluminum 

bar stock. A small pin projecting from the inside 

of its end surface serves as a stop pin that engages 

a slot in the gimbal fork (13, Fig. 2-3) and limits 

the rotation of the floated units assembly (26) to 

1. Main housing 2. Sensing coil assembly 

Fig. 2-ll. Main housing assembly (viewed from the signal 
generator end of the gyro unit). 

about 6 degrees on either side of the zero-rotation 

position. Four recesses on the outer. surface of 

the main housing, near the signal generator end, 



house four wire clips to which the leads from the 

Microsyn signal generator and sensing coil are 

attached. 

2-26. FLOATED UNITS ASSEMBLY (26, Fig. 2-3). 

The floated units assembly rotates about the output 

axis of the gyro unit in response to torques result- 

ing from (a) gyroscopic action of the spinning 

rotor whenever the gyro unit is rotating about its 

input axis and (b) input signals applied to the 

Microsyn torque motor. The rotation of the floated 

units assembly from its zero reference position 

is the essential output of the gyro unit. The floated 

units assembly is essentially comprised of 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). These components are described in the 

following paragraphs. Figure 2-12 is a photograph 

of the assembled floated units assembly. Each of 

the two shafts contains a pivot assembly (6). In 

addition, the shaft on which the Microsyn torque 

motor rotor (1) is mounted contains a power lead- 

in body (7) through which power is supplied to the 

motor assembly. 

1. Microsyn torque motor rotor 4. Balance nuts 

2. Gimbal shell 5.  Balance assembly 
3. Microsyn signal generator , 6. Pivot assembly 

rotor 7. Power lead-in body 

Fig. 2-12. Photograph of the assembled floated units assembly 
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2-27. MICROSYN TORQUE MOTOR ROTOR (12, 

Fig. 2-3). Like the Microsyn torque motor stator 

core (ref. paragraph 2-23), the Microsyn torque 

motor rotor is made from insulated laminations of 

Hypernik. The outer faces of the symmetrical 

rotor are located with respect to the four stator 

poles as shown in Fig. 2-13. The rotor (1, Fig. 

2-13) is secured in position on the gimbal fork 

shaft (2) of the floated units assembly by two clamp 

screws (3). 

l .  Microsyn torque motor rotor 
2. Gimbal-fork shaft of the floated units assembly 
3. Clamp screw 
4. Microsyn torque motor stator core 

Fig. 2-13. Photograph showing the location of the Microsyn 
torque motor rotor with respect to the stator core. 

2-28. GIMBAL FORK (13, Fig. 2-3). The gim- 

bal fork, made' of machined aluminum with a 

copper plating, includes a cylindrical shaft extend- 

ing from the closed end of the fork. This is the 

shaft that carries the Microsyn torque motor 

rotor (12). The motor assembly (14) is supported 

inside the fork, and the gimbal shell (15) encloses 

the fork. Mounted inside the end of the shaft are 

the power lead-in body and the pivot assembly. 

The constructiOn of the power lead-in body is indi- 

cated in Fig. 2-14. Through the length of a cylin- 

drically shaped piece of Kovar tubing (1) run three 

symmetrically spaced Kovar wires (2) and a Kovar 

rod (3), of larger diameter, that is located along 

the centerline of the outside tubing. The wires and 

the rod are imbedded in a. glass-to-metal seal (4) 

that insulates them from one another. At the ex- 

posed end of the Kovar rod, along its centerline, 
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l .  Kovar tubing 
2. Kovar wire 

3. Kovar rod 
4. Glass-to-metal seal 

Fig. 2-14. Cross-section View of the power lead-in body. 

is a tapped hole. The pivot assembly, which com— 

prises a pivot (1, Fig. 2-15) and a pivot holder (2), 

threads into this tapped hole. The taper on the 

pivot holder mates with the taper in the Kovar rod 

to insure that the pivot and the outer diameter of 

the float will be concentric. The pivot is a polished 

tungsten carbide rod that is supported in the assem- 

bled gyro unit by the torque motor end jewel assem- 

bly (ref. paragraph 2-19). The bearing end of the 

pivot is spherical in shape, except that the extreme 

end is a 0.005-inch diameter flat. This flat con- 

tacts the jewel ball in the torque motor end housing 

cap assembly (ref. paragraph 2-19). 

1.  Pivot 2. Pivot holder 

Fig. 2—l5. Pictorial view of the pivot assembly. 

2-29. MOTOR ASSEMBLY (14, Fig. 2-3). The 

motor assembly, which is supported inside the gim- 

bal fork(13), is a 400-cps, two-phase, synchronous 

hysteresis motor. The spinning rotor is the essen- 

tial gyroscopic element of the gyro unit. The 

motor belongs to the class of radial -air-gap motors, 

so called because the air gap between the rotor and 

stator is concentric with the spin axis (see Fig. 

2-16). The motor assembly is comprised of three 

main groups of parts: ‘ 

a. The parts that rotate with respect to the 

gimbal fork. 

b. The parts that are fixed with respect to the 

gimbal fork. 

c .  The bearings, and associated spacers, that 

support the moving assembly with respect to the 

fixed assembly. 

2-30. The moving assembly comprises the rotor 

(1, Fig. 2-16), the bushing (2), the hysteresis 

ring (3), the bearing retainer (4), and six screws 

(5). The rotor is a cylindrical piece machined 

from aluminum stock. The bushing, made of 

stainless steel, is inserted in the rotor in order to 

increase the mass concentration near the rim. 

With this arrangement, a maximum angular mo-‘ 

mentum per unit weight is obtained for a given 

rotor diameter. (Angular momentum is aptly de- 

scribed by one authority on gyros as "flywheel- 

osity," that is, the ability of a spinning body to 

act like a flywheel and — by its inertia - oppose 

and moderate any change in the speed of rotation.) 

The hysteresis ring is shrink-fitted inside the 

bushing. In conjunction with the motor stator, the 

ring causes the gyro wheel to spin. A magnetic 

flux from the stator windings passes into the 

hysteresis ring, producing a torque that spins the 

rotor in synchronism with the 400-cps frequency 
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l .  Rotor 8. Outer preload spacer 
2. Bushing 9. Motor shaft 
3. Hysteresis ring 10. Stator 
4. Bearing retainer 11. Motor lower spacer 
5. Screws 12. Motor upper spacer 
6. Bearing 13. Motor shaft out 
7. Inner preload spacer 

Fig. 2-16. Cross-section View of the motor assembly. 
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of the alternating-current excitation. The hys— 

teresis ring is made from a material that has a 

high hysteresis loss. The aluminum bearing 

retainer, which is secured to the rotor by six 

screws (5), holds the two bearings (6) in place. 

These bearings are separated by the inner and outer 

preload spacers (7 and 8). 

2-31. The fixed assembly comprises. the motor 

shaft (9), the stator (10), the motor spacers (11 

and 12), and the motor shaft nut (13). The motor 

shaft is a stepped piece machined from aluminum. 

The stator has six poles; this design causes the 

gyro wheel to spin at 8000 revolutions per minute. 

There are two coils for each pole of these stators, 

one coil for each of the two phases. Each coil is 

wound with high-temperature, insulated wire. The 

coils are series-connected in such a way as to give 

clockwise rotation as seen from the terminal side. 

(See Fig. 2-18 at the end of this section for a 

schematic wiring diagram of the gyro unit.) The 

entire motor assembly is properly located and 

secured to the gimbal fork by means of the motor 

shaft (9), the motor spacers (11 and 12), and the 

motor shaft nut (l 3). 

2-32. GIMBAL SHELL (15, Fig. 2-3). The gim- 

bal shell is a thin—walled, copper-plated aluminum 

cylinder with an open end. The gimbal fork, con- 

taining the motor assembly, is inserted in the open 

end and induction-soldered to the gimbal shell. 

The copper plating on the gimbal fork and gimbal 

shell helps form a good soldered joint. Before the 

soldering takes place, the enclosed volume is first 

evacuated of air and then filled with helium. This 

inert gas provides a nonoxidizing atmosphere for 

the motor bearings, a low-viscosity medium that 

offers little resistance to the spinning rotor, and 

a medium with high thermal conductivity to aid in 

the transfer of heat from the motor assembly to 

the gimbal shell. The gimbal shell has a cylin- 

drical shaft extending from the closed end of the 

cylinder. Mounted on this shaft are: 

a. The Microsyn signal generator rotor (16). 

b. The balance assembly and balance nuts (21), 

(ref. paragraph 2—37). 

Contained in the end of the shaft, and protruding 

through the balance assembly, is a pivot assembly 

that is identical with the one described in para- , 

graph 2—28. 
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2-33. MICROSYN SIGNAL GENERATOR ROTOR 

(16, Fig. 2-3). In conjunction with the Microsyn 

signal generator stator assembly, the Microsyn 

signal generator rotor produces a 400-cps electri- 

cal signal that is proportional to the rotation of the 

floated units assembly from its zero reference 

position. This rotor is identical in construction 

detail with the Microsyn torque motor rotor (ref. 

paragraph 2-27). The Microsyn signal generator 

rotor is mounted on the gimbal-shell shaft of the 

floated units assembly (26). The outer faces of the 

signal generator rotor are located with respect to 

the four associated stator poles in the same way 

as the faces of the torque motor rotor shown in 

Fig. 2-13. The signal generator rotor is secured 

to its shaft with two clamp screws in the same way 

that the torque motor rotor is secured to its shaft. 

2-34. SHIELDS (17 and 18, Fig. 2-3). Shields 

No. l and No. 2 are used to prevent magnetic 

noise from the motor assembly (14) from inter- 

fering with the Operation of the Microsyn signal 

generator. They are stamped from Mumetal, 

which is a high—permeability alloy. 

2-35. MICROSYN SIGNAL GENERATOR STATOR 

ASSEMBLY (19, Fig. 2-3). The Microsyn signal 

generator stator assembly is identical in appear- 

ance with the Microsyn torque motor stator assem- 

bly (ref. paragraph 2-23). The essential difference 

is in the coil assemblies. As in the Microsyn 

torque motor, each coil assembly contains two 

separate, electrically isolated windings, and each 

winding on each pole has a physically identical mate 

on each of the other poles. However, in the Micro-v 

syn signal generator, the two windings of any one 

coil assembly differ in wire size and in the num- 

ber of turns. As in the Microsyn torque motor 

stator assembly, there are two separate series 

circuits (ref. Section VI for the details of these 

connections). In the Microsyn signal generator, 

these are called the excitation circuit and the out- 

put circuit. The excitation circuit, whose coil 

windings contain relatively fewer turns, is supplied 

with a constant 400-cps, a-c input. The output 

circuit furnishesa 400—cps, a-c output signal whose 

magnitude is proportional to the angular displace- 

ment of the floated units assembly from its refer- 

ence position. The phase of the output signal with 

respect to the input excitation indicates whether 



the rotation is clockwise or counterclockwise from _ 

the reference position. The four spring feet of the' 

stator mount are located between the main housing 

assembly (11) and the signal generator end housing 

(24), and are secured there by tightening the signal 

generator tie rods (10). The spring feet act as a 

strain relief by reducing strains in the Hypernik 

laminations that result from temperature changes. 

2-36. MICROSYN FILLER BLOCK(20, Fig. 2-3). 

This block is identical with the other Microsyn 

filler block (8), described in paragraph 2-22. It, 

too, serves to take up space that would otherwise 

be occupied by the filling fluid. 

2-37. BALANCE ASSEMBLY AND BALANCE 

NUTS (21, Fig. 2-3). The balance assembly (5, 

Fig. 2—12) consists of a balance hub and four 

threaded balance studs spaced 90 degrees apart. 

The studs, made of stainless steel, are silver 

soldered at the hub. The balance of the floated units 

assembly about the output axis (the axis of the pivots) 

is adjusted by the four balance nuts (4) that are 

carried by the balance studs. The hub is secured 

with three screws to the end of the gimbal-shell 

shaft of the floated units assembly. The pivot 

assembly in the end of the shaft protrudes through 

a hole drilled in the hub. 

2-38. SIGNAL GENERATOR END HOUSING 

ASSEMBLY (27, Fig. 2-3). The signal generator 

end housing assembly (see cross-section view of 

Fig. 2-17) comprises the following components: 

Signal generator end housing (1). 

Two balance adjustment forks (2). 

Signal generator end jewel assembly (3). 

Four fork retaining pins (4). 

20-pin connector (5). 

Two O-rings (6). 

Wire leads (7). 

Jewel holder extractor (8). 

Two O-ring pressure washers (9). 

Two O-ring pressure screws (10). 

Wire-mesh strainer (11). 

2-39. SIGNAL GENERATOR END HOUSING (1, 

Fig. 2—17). The signal generator end housing is 

a cylindrical piece of machined aluminum that 

houses the other components listed in the preceding 

paragraph and, in addition, the Microsyn signal 

generator stator assembly (19, Fig. 2-3), the 
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1. Signal generator end 6. O-ring 
housing 7. Wire leads 

2. Balance adjustment fork 8. Jewel holder extractor 

3. Signal generator end jewel 9. O-ring pressure washer 

assembly 10. O-ring pressure screw 

4. Pork retaining pin 11. Wire-mesh strainer 

5. 20~pin connector 

Fig. 2-l7. Cross-section view of the signal generator end 
housing assembly. 

Microsyn filler block (20), and the balance assem- 

bly and balance nuts (21). Four holes in the outer 

surface of the cylinder are used in the Microsyn 

centering procedure. 

2-40. BALANCE ADJUSTMENT FORKS (2, 

Fig. 2-17). The two stainless—steel balance adjust- 

ment forks allow final balancing of the floated units 

assembly to be made after the gyro unit is assem- 

bled. Each fork is held in radial position in the 

signal generator end housing by two fork retaining 

pins (4). The O-ring (6), O-ring pressure washer 

(9), and O-ring pressure screw (10) associated 

with each fork form a seal that prevents leakage 

of the fluid through the end housing past the fork. 

The balance fork plug (23, Fig. 2-3) ,  which is 

sealed in with adhesive, protects the fork adjust- 

ment setting. This plug has a small tapped hole 

in the center by means of which it can be lifted out 

should further adjustment be necessary. 

2-41. SIGNAL GENERATOR END JEWEL ASSEM- 

BLY (3, Fig. 2-17). The signal generator end 

jewel assembly provides both radial and axial sup— 

port for the floated portion of the gyro unit at the 
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Microsyn signal generator end. It is similar in 

construction to the torque motor end jewel assembly 

(ref. paragraph 2-19). There are two basic dif- 

ferences, however. First, the jewel holder of the 

signal generator end jewel assembly is approxi- 

mately three times longer than the jewel holder 

of the other assembly and, second, the tungsten 

carbide ball is permanently secured inside the jewel 

holder, so that no jewel ball retainer is required. 

The signal generator end jewel assembly is inserted 

into the signal generator end housing (1) with a light 

press fit. The jewel holder extractor (8), which 

has a slotted head, enables the jewel assembly to 

be withdrawn from the end housing without re- 

moving the 20-pin connector (5). 

2-42. 20-PIN CONNECTOR (5, Fig. 2-17). The 

20—pin connector, which is induction soldered to 

the signal generator end housing (1), is comprised 

FILLING PIN 
(used for filling gyro unit 

- of a disc, 20 electrode pins, and a key. These 

components are made of cold—rolled steel with a 

fused electro-tin plate. The electrode pins are 

insulated from the disc by fused glass. Through 

these pins and the associated wire leads (7), the 

electrical power necessary to Operate the gyro unit 

is supplied, and intelligence in the form of electri- 

cal signals is introduced and extracted. One pin, 

which is not connected to a wire lead, is tapped to 

receive a screw. It is through this pin that the unit 

is filled with the flotation fluid. The various pins 

are identified in Fig. 2-18, which is a schematic 

wiring diagram showing the internal connections 

of the gyro unit electrical circuits. 

2-43. WIRE-MESH STRAINER (11, Fig. 2-17). 

The wire-mesh strainer filters out dirt or other 

foreign matter that would otherwise enter the gyro 

unit during the fluid-filling operation (ref. Sec- 

tion VII) and possibly interfere with its operation. 

With flotation fluid) ' _ _ — — — — — — — — — — — — — — — — - _ _ _ _  
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Fig. 2-18. Schematic wiring diagram for the M.l.T. ZOIG Integrating Gyro Unit. 
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SECTION III 

SPECIAL TOOLS, EQUIPMENT, AND FACILITIES 

FOR ASSEMBLY AND TESTING 

3-1. INTRODUCTION. 

3-2. This section illustrates and describes briefly 

the special tools, equipment, and facilities for as- 

sembly and testing that are utilized in connection 

with the 201G gyro unit. It serves two prime func- 

tions: 

a. It provides a convenient reference source 

on special tools, etc. , .for the remainder of the 

handbook, and allows the subject matter there to 

flow much more smoothly than would otherwise be 

possible. 

b. It compiles inone place pertinent informa- 

tion relating to special tools, etc. so that anyone 

interested solely in this particular aspect need not 

comb through the other sections of the handbook. 

3-3. For convenience, the material is presented 

under two main headings: 

a. Special tools and equipment used in the as- 

sembly and test procedures of Sections IV through 

VIII (ref. paragraphs 3-4 and 3-5). 

b. Special facilities for assembling and test- 

ing (ref. paragraphs 3-6 through 3-8). 

3-4. SPECIAL TOOLS AND TEST EQUIPMENT. 

3-5. Table 3-1 identifies in turn the special tools 

and equipment used in assembling and testing the 

201G gyro unit. The left-hand column specifies the 

figure in which the special tool or equipment is il- 

lustrated. These figures appear in sequence im- 

mediately following the table. They serve as iden- 

tification only; where detail is required to clarify 

subsequent assembly and test procedures, separate 

illustrations are provided there as required. The 

next column gives the name of the special tool or 

equipment, together with the manufacturer when 

applicable. The next column of Table 3-1 gives a 

brief description of the item's function. The right- 

hand column notes the paragraph inwhich reference 

to the special tool or equipment appears. 

3-6. SPECIAL FACILITIES FOR ASSEMBLY AND TESTING. 

3-7. Special, separate quarters, known as the as- 

sembly room, are provided for assembling the gyro 

units. Extraordinary precautions are taken to ob- 

tain and maintainaclear atmosphere inthis assem- 

bly room. To this end, the room is served by air 

conditioning equipment that not only maintains the 

assembly area at an even, moderate temperature 

conducive to comfortable, perspiration-free work- 

ing conditions, but also continuously filters the air 

to remove suspended dust or dirt particles. En- 

trance to the room is gained by passing through two 

glass-windowed doors between which is a small area 

that is used to don laboratory coats, head covering, 

or any other special clothing that is deemed nec- 

essary for cleanliness. Both doors are equipped 

with door checks that close the doors when re- 

leased. An electronic communication system to 

outside areas is available, thereby minimizing traf- 

fic to and from the assembly room. The need for 

such painstaking precautionary measures becomes 

apparent from subsequent descriptions of the vari- 

ous assembly procedures - particularly those in- 

volving balancing operations. 

3-8. A special area is also set aside for testing 

the assembled gyro units. This area, too, is air 

conditioned, to provide for the comfort of the test 

personnel and the proper functioning of the test 

equipment. 
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Table 3-1. Special tools and equipment used in the assembly and test procedures of Sections IV through VIII. 

Pmogrqnh 
Fig. No. Name (and source) Use Reference 

3-1 Plastic-covered boxes (standard commer- Store parts required in assembly of gyro unit 4-1 
cial item) 

3-2 Assembly fixture - hysteresis ring into Comprises arbor press, collet, heating pad, and heat-retaining 4-10 
bushing block for assembly of hysteresis ring into bushing 
(Instrumentation Laboratory design) 

3-3 Assembly fixture — bushing-and-ring assem- Comprises arbor press, collet,.heating pad, and heat-retaining 4-11 
bly into rotor ' block for assembly of bushing-and-ring assembly into rotor 
(Instrumentation Laboratory design) (arbor press, caller and heat-retaining block are the same as 

those of Fig. 3-2) ' 

3-4 Annis Dynograph Balancer Dynamically balance rotor assembly of gyro motor 4-14 
(R. B. Annis Co., Indianapolis, Ind.) 

3-5 Air gauge Measure diameter of rotor bore 4-21a, 4-58c 
(Federal Products Corp., Providence, R. I.) Measure inside diameter of sensing coil 4-99c 

3-6 Electronic indicating gauge Measure gyro motor rotor shaft at bearing surface. 4-21c 
(Cleveland Instrument Co., Cleveland, 0.) 

3-7 Honing machine Hone rotor bore 4-23 
(Sunnen Products Co., St. Louis, Mo.) Hone sensing coil 4-99c 

3-8 Assembly fixture - spin axis bearings and Comprises arbor press, two arbor extensions, bearing-pad 4-32 
preload spacers into rotor spacer, collet, heating pad, and heat-retaining block for as- 
(Instrumentation Laboratory design) sembly of bearings and preload spacers into gyro motor rotor 

(arbor press and heat-retaining block are the same as shown 
in Fig. 3-2) 

3-9 Jeweler's loupe Inspect small components 4-36a 
(Bausch 8: Lamb Optical Co., Rochester, 
N. Y.) 

3-10 Simpson Multimeter Check winding resistances in the gyro motor and in the 4-38, 4-48 
(Simpson Electric Co., Chicago, Ill.) Microsyn units 5-6, 5-9w 

5-llj 

3-11 Analytical balance Weigh Microsyn rotors 4-45d 
(Christian Becker Torsion Balance Co., 
Clifton, N. J.) 

3-12 Surgical shears (standard commercial Trim wire booting 4-49c 
medical item) 

3-13 Centrifuge Remove excess oil from spin-axis bearings 4-21e 
(Instrumentation Laboratory design) 

3-14 Small hole gauges Measure inside diameters 4-54a 
(L. S. Starrett Co., Athol, Mass.) 

3-15 Microme ter Measure diameter of power lead-in body 4-54b 
(L. S. Starrett Co., Athol, Mass.) Measure over-all stud lengths on balance assembly 4-58c 

Measure thickness of motor spacers 4-63c 

3- 16 Microscope and light Inspecr parts 4-55a 
(Carl Zeiss, Germany) 

3- 17 Insulation resistance meter Make ground check between gyro motor leads . 4-55b, 4-59f 
(General Electric Co., Schenectady, N. Y.) 

3-18 Induction soldering machine (including Solder power lead-in body in gimbal farlr shaft 4-56i 
soldering coils) Solder gimbal shell to gimbal fork 4-69e, 4-84b 
(Lepel Laboratories Inc., New York, N. Y.) 

3-19 Induction soldering setup Comprises soldering fixture,-bench block, and positioning 4-56h 
(Instrumentation Laboratory design) device for use with the induction soldering machine shown in 4-69c 

Fig. 3-18 4-84a 

3-20 Pivot wrench (standard commercial item) Assemble pivot assemblies 4-58d 

3-21 Test fixture for measuring float runout Hold floated units assembly during float run-out check 4-583 
(Instrumentation Laboratory design) Hold floated units assembly while minimizing pendulosity 4-65 

3-22 Dial indicator and support Measure runout of floated units assembly 4-58h 'a 
(Federal Products Corp., Providence, R. I.) 

3-23 Special poising arbor Statically balance small balance nuts 4-60 
(Instrumentation Laboratory design) 

16 



Toble 3-l. Special tools and equipment used in the ossenizly and test procedures of Sections IV through Vlll. (cont.) 

Puogroph 
Fig. No. Nane (and source) Use Reference 

3-24 Watch-balance-wheel poising tool Statically balance small balance nuts 4-60 
(Levin Gt Son, Inc., Los Angeles, Calif.) 

3-25 Torque wrench (standard commercial item) Measure turning torque of balance nuts 4-61g 

3-26 Telescoping gauge Measure opening between prongs of gimbal fork 4-63a 
(Luflrin Rule Co., Saginaw, Mich.) 

3-27 Jeweler’s lathe and associated equipment Grind surfaces of motor spacers 4-63c 
(F. W. Derbyshire, Inc., Waltham, Mass.) Coat gimbal shell with soldering flux 4-69b 

3-28 Torque wrench Tighten motor shaft nut 4-64c 
(P. _A. Sturtevant Co.,. Addison, Ill.) 4-68g 

3-29 Vibrator Overcome pivot friction in the procedure for minimizing pen- 4-65 
(Syntron Company, Homer City, Pa.) dulosity of floated units assembly 

3-30 Temperature-controlled oven Check coast-down time 4-68b 
(Instrumentation Laboratory design) 

3-31 Test console Check coast-down time 4-68c 
(Instrumentation Laboratory design) 

3-32 Stethescope (standard commercial medical Listen to gyro motor operation 4-68h 
item) 

3-33 Gimbal shell evacuation and pressurization Apply helium to inside of gimbal shell 4-70 
equipment Evacuate the Fluorolube-filled test tank 4-733 
(Instrumentation Laboratory design) 

3-34 Mass spectrometer Check floated units assembly for leakage 4-701: 
(General Electric Co., Schenectady, N. Y.) 

3-35 Thermally controlled aluminum tank Obtain correct weight and balance of floated units assembly 4-72 
(Instrumentation Laboratory design) 4-73 

3-36 Pair of analytical balances Obtain correct weight and balance of floated units assembly 4-73i 
(Seederer-Kohlbusch, Inc., Englewood, N. J.) 

3-37 I-Iypodermic needle Clean inside of jewel assembly 4-88d 

3-38 Industrial washing machine Clean signal generator end housing assembly 4-92 
(L & R Mfg. Co., Arlington, N. 1.) 

3-39 Winding fixture Wind sensing coil 4-97 
(Instrumentation Laboratory design) 

3-40 Wheatstone bridge Measure resistance of sensing-coil winding 4-98m 
(Rubicon Company, Philadelphia, Pa.) 

3-41 Two-part potting mold Bond sensing-coil winding to coil form 4-98w 
(Instrumentation Laboratory design) 

3-42 Assembly test stand Assemble gyro unit 5-3 
(Instrumentation Laboratory design) 

3-43 End-shake measuring equipment Comprises adapter ring, surface plate, and special type 5-16 
(Instrumentation Laboratory design) micrometer gauge for determining gyro unit end shalre 

3-44 Annealing fixture Anneal flex leads 5-24d 
(Instrumentation Laboratory design) 

3-45 Removing tool Remove torque motor end housing cap assembly from mrque 5-27d 
(Hammel Riglander & Co., Germany) motor end housing sleeve 

3-46 Microsyn centering fixture Hold gyro unit and permit easy adjustment of each stator with 6-11 
(Instrumentation Laboratory design) respect to its rotor 

3°47 Test console and associated equipment Carry out Microsyn centering procedure 6-11 
(Instrumentation Laboratory design) 

3-48 Filling equipment Fill the assembled gyro unit 7-11 
(Instrumentation Laboratory design) Includes a filling fixture, vacuum pumps, vacuum gauges, 

thermometers, comrol valves, etc. 

3-49 Basic test setup Carry our complete testing procedure 8-9 
(Instrumentation Laboratory design) 

I? 



Fig. 3-2. Assembly fixture — hysteresis ring into bushing. 

Fig. 3-3. Assembly fixture - bushing-and-ring assembly into 
rotor. 

Note 
These assembly fixtures differ only in the size of 

the heating pad that is used. 

.18 

Fig. 3-4. Annis Dynograph Balancer. 

Fig. 3-5. Air gauge. 



Fig. 3-10. Simpson Multimeter. 
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Fig. 3-1 l. Analytical balance. 

Fig. 3-12. Surgical shears. 

Fig. 3-l8. Induction soldering machine (including soldering 

Fig. 3-14. Small hole gauges. _ coils). ’ 



.‘c‘. 
Fig. 3-23. Special poising 

arbor. 

Fig. 3-22. Dial indicator 
and support. 

Fig. 3-19. Induction soldering setup. 

Fig. 3-2]. Test fixture for measuring float runout. 
Fig. 3-26. Telescoping gauge. 
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Fig. 3-39. Winding fixture. 

Fig. 3-43. End-shake measuring 
equipment. 

Fig. 3-45. Removing tool. Fig. 3-46. Microsyn centering fixture. 
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Fig. 3-49. Basic test setup. 
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SECTION IV 

COMPONENT ASSEMBLY 

4-1 . INTRODUCTION. 

4-2. The M.I .T.  2016 Integrating Gyro Unit is a 

precision-built indicating instrument, and the 

manufacture of the individual gyro unit parts entails 

close machining tolerances, high-quality surface 

finishes, and a high degree of concentricity and 

squareness in order to achieve an over-all accurate 

assembly. The expected degree of accuracy is 

improved if the tools used and gyro unit parts re- 

quired are kept clean, for the presence of dirt or 

foreign matter increases the friction level of mov- 

able parts to a great extent. To this end, the 

cleanliness of the gyro assembly areas and assem- 

bly personnel play an important part. Use of 

plastic -covered boxes (ref. Fig. 3-1) with individual 

sections to package the parts has been found to be 

an effective aid in keeping them clean. In addition, 

the use of the plastic box enables the assembler to 

readily identify each individual part if appropriate ' 

labels are pasted on the box cover over each sec- 

tion. Further means frequently used for keeping 

parts clean during assembly involve the use of 

various mechanical devices such as vacuum 

cleaners, air hoses, watch-washing machines and 

ultrasonic generators. As the various parts are 

assembled into completed components, these com- 

ponents are thoroughly cleaned and then packaged 

in clean plastic bags pending further use in the 

assembly procedure. 

4-3. The following paragraphs of Section IV give 

the detailed procedures for assembling the various 

major components of the ZOIG Integrating Gyro 

Unit, which are described in Section 11. These 

procedures are covered under four major headings: 

3.. Motor assembly (ref. paragraphs 4-5 

through 4-40). 

b. Microsyn units (ref. paragraphs 4-41 

through 4-50). 

c.  Floated units assembly (ref. paragraphs 

4-51 through 4-73). 
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d.  Housing assemblies and associated com- 

ponents (ref. paragraphs 4-74 through 4-101). 

4-4. Under these headings, the assembly of each 

component concerned is described to the full extent 

required for satisfactory performance of this opera— 

tion by qualified personnel. Appropriate explana- 

tions as to the reasons for the various steps are 

given where they are of value. No attempt at 

theoretical analysis is made in the explanations, 

however, as such information is adequately covered I 

elsewhere (ref. paragraph 1-6). The assembly 

procedures follow those outlined in the Assembly 

Record Book, which is used to keep track of the 

work done on each gyro unit during its assembly. 

A separate record book is used for each gyro unit 

being assembled and is identified by the serial 

number assigned to the particular gyro unitto which 

it applies. The Assembly Record Book and its use 

are described in Appendix A. 

Note 
This handbook does not concern itself with the 

manufacture or procurement of the individual parts 

used in the assembly. This is because, aside from 

various preassembly inspection-checks specifically 

noted, the personnel performing the assembly need 

have no detailed knowledge of the manufacturing 

details involved. These personnel should be alert, 

however, to spot and discard any parts that are 

obviously defective. 

4-5. MOTOR ASSEHBLY (see Figs. 2-16 and 4-1). 

4-6. PROCEDURE FOR ASSEMBLING THE 

MOTOR ASSEMBLY. The procedure for assembling 

the motor assembly follows that outlined in the 

Assembly Record Book (ref. Appendix A). Briefly, 

the basic steps of the procedure, which are covered 

in detail in the ensuing paragraphs, are as follows: 

a. Assembling the hysteresis ring, bushing, 

and rotor (ref. paragraphs 4-7 through 4—11). 

b. Balancing the rotor and associated parts 

(ref. paragraphs 4-12 through 4-17). 

c .  Selecting the spin-axis bearings and the 

motor shaft (ref. paragraphs 4-18 through 4- 31). 
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. Hysteresis ring 

. Bearing retainer 

. Screws (6) 

. Bearings (2) 

. inner preload spacer 

. Outer preload spacer 

. Motor shaft 

. Stator 

. Motor lower spacer 

. Motor upper spacer 

. Motor shaft nut 
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Note: See Fig. 2-16 for a cross-section view of the 
motor assembly with all parts assembled. 

Fig. 4-]. Exploded View of the motor assembly. 

d .  Assembling the spin-axis bearings and the 

preload spacers (ref. paragraphs 4-32 and 4-33). 

6. Assembling the bearing retainer (ref. para- 

graph 4-34). 

f .  Checkingthe motor stator (ref. paragraphs 

4-35 through 4-38). 

g. Checking the motor spacers and the motor 

shaft nut (ref. paragraph 4-39). 

h. Packaging the motor assembly components 

prior to further use (ref. paragraph 4—40). 

4-7. ASSEMBLING THE HYSTERESIS RING, 

BUSHING, AND ROTOR. Figures 4-2 through 4-4 

give detailed dimensions of the rotor, bushing, and 

hysteresis ring used in a typical motor assembly 

of a 201G unit. In addition to satisfying the toler— 

ances noted on these figures, the parts as received 

for assembly satisfy concentricity requirements 

as follows: 

a. The dimenSioned diameters shown for the 

rotor in Fig. 4-2 are concentric within 0.0002 inch 

total indicator reading, and all other diameters are 

concentric within 0.001 inch total indicator reading. 

b. The dimensioned diameters shown for the 

bushing in Fig. 4 -3  are concentric within 0. 0002 

inch total indicator reading. 

c .  The dimensioned diameters shown for the 

hysteresis ring in Fig. 4-4 are concentric within 

0. 0005 inch total indicator reading. 
Note 

The total indicator readings are made before the 
machined pieces are removed from the lathe. The 
dial indicator used to obtain‘the readings is of the 
type used to check the floated units assembly run- 
out (ref. paragraph 4-58 and Fig. 4-29). 
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Notes: 1. All dimensions are in inches. 
2. The high point of eccentricity between the 0.3119-incb 

and 0.9500-inch diameters i s  marked with a scribe marl: 
on surface A of each rotor, as received for assembly. 

Fig. 4-2. Cross-section View of a typical rotor. 
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Fig. 4-4. Cross-section View of the hysteresis ring. 

4-8. These close tolerances are required for 

acceptable balance characteristics of the rotating 

parts of the motor assembly. The high point of 

eccentricity between the 0.3119-inch and 0.9500- 

inch diameters of each rotor as received for as sem- 

bly is marked with a scribe on surface A (ref. 

Fig. 4-2). The high point of eccentricity between 

the inside and outside diameters of each bushing is 

similarly marked on both its faces. By locating 

these scribe marks 180 degrees apartwhen assem- 

bling a rotor and bushing, any residual unbalance 

is minimized. 

4—9. Figures 4-5 and 4-6 illustrate the method 

used for inserting the hysteresis ring inside the 

bushing. and the resulting bushing-and-ring assem- 

bly inside the rotor. 

4—10. The detailed procedure for inserting the 

hysteresis ring inside the bushing is as follows: 

a. Place the bushing on an appropriate-size 

heating pad as shown in Fig. 4-5 and heat it to a 

30 

ARBOR-PRESS SHAFT 
\ 

HYSTER ESIS RING 

BUSHING .- 
(heated to 250i250 F) 

HEATING PAD 

HEAT-R ET AINING 
BLOCK 

(contains thermocouples 
and heaters) 

Fig. 4-5. Exploded View showing the method for inserting the 
hysteresis ring inside the bushing. 

temperature of approximately 250° F by means of 

a heat-retaining block. This causes the bushing to 

expand radially to the extent that the hysteresis 
ring (which is at room temperature) can be inserted. 

b. Mount the hysteresis ring and an appro- 

priate-size collet on the shaft of an arbor press in 

the relative positions indicated by Fig. 4-5. Either 

face of the hysteresis ring may be placed next to 
the collet. I - 

c. Push-fit the hysteresis ring inside the 
bushing by operating the arbor press. 

Note 
‘ Check that the hysteresis ring rests squarely against 

the shoulder art-the collet. before attempting to push 

the ring inside the bushing. Otherwise, 'the ring will 

not seat squarely in the bushing. 

d .  Elevate the arbor-press shaft and collet, 

raising the bushing-and-ring assembly with it. 

(at room temperature). 
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ARBOR-PR ESS SHAF \ 

BUSH ING-ANO-R ING 
ASSEMBLY 

(at room temperature) 

RELATIVE POSITIONS AFTER ASSEMBLY 

ROTOR-ECCENTRICITY MARK 

BUSHING-ECCENTRICITY MARK 

HEATING PAD 

/ .  ugl’ll ls" 

lm—Adi 
ROTOR 

(heated to 400fl5°F) 

HEAT-RETAINING BLOCK 
(contains thermocouples 

and heaters) 

Fig. 4-6. Exploded View showing the method for inserting the 
bushing-and-ring assembly inside the rotor. 

4—11. The detailed procedure for inserting the 

bushing-and-ring assembly in the rotor is as fol- 

lows: 

a. Place the rotor on an appropriate-size 

heating pad as shown in Fig. 4-6 and heat it to a 

temperature of approximately 400° F by means of 

the same heat—retaining block used to heat the 

bushing. 

b. Position the bushing-'and-ring assembly 

(which is still mounted on the collet on the arbor- 

press shaft) with respect to the rotor so that the 

eccentricity markings (one on the bushing, the 

'other on the rotor) are 180 degrees apart (ref. 

insert on Fig. 4-6). 

c. Push-fit the bushing-and-ring assembly 

inside the rotor with the arbor press so thatbushing 

sets flush against the shoulder in the rotor. 

d. Elevate the arbor-press shaft and allow the 

assembled parts to cool before removing them from 

- the collet. 

e. When cool, place the assembled rotor, 

bushing, and hysteresis ring in a'clean plastic bag 

and leave them there until further required in the 

assembly procedure (ref. paragraph 4-16). 

4- 1 2 . BALANCING THE ROTOR AND ASSOCIATED 

PARTS. 
. Note 
For convenience in the following discussion, the 

rotating part of the motor assembly - which is 

comprised of the rotor, the bushing, the hysteresis 

ring, the bearing retainer, and the six screws that 

secure it to the rotor - are referred to collectively 

as the rotor assembly. 

Each rotor assembly must be balanced in order that 

' it run smoothly and efficiently at its operating speed. 

Centrifugal forces acting on the assembly - that 

is, the forces that act radially from the motor 

shaft - are proportional to the square of the angu- 

lar velocity. Therefore, at its high operational 

speed of rotation (8000 revolutions per minute), a 

small amount of unbalance in the rotor assembly 

will cause vibratory forces within the gyro unit. 

The balancing of the rotor assembly; is therefore 

completed before further assembling of the motor 

assembly takes place. 

4-13. There are two types of rotor assembly 

unbalance: 

a. Static unbalance. 

b. Dynamic unbalance. 
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A rotor assembly is unbalanced statically if the 

force of gravity will cause it to revolve when it 

is set in any position on a level surface. Static 

balance can be readily obtained by removing weight 

from the heavy regions until the rotor assembly 

has no tendency to revolve due to the force of 

gravity. Even though a rotor assembly may be 

balanced statically, however, it may still be unbal— 

anced dynamically — that i s ,  when the assembly is 

rotating. This is because each part of the rotor 

assembly tends to act independently during rotation. 

As a general rule, the unbalance -in one half of the 

rotor assembly (ref. Fig. 4-7) differs in amount 

and angular position from the unbalance in the other 

half. Dynamic balance of the rotor assembly is 

obtained by appropriate removal of weight from the 

heavy region on each side of the rotor assembly. 

As a general rule, the unbalance in the half of the rotor 
assembly that is shown shaded differs in amount and an- 
gular position from the unbalance in the other half, even 
though the assembly may be balanced statically. This 
feature results in dynamic unbalance of the rotor assembly. 

Fig. 4-7. Characteristic feature of unbalance in the rotor 

assembly. 

4-14. Balancing a rotor assembly dynamically 

requires the use of a specially designed electronic 

device, such as the Annis Dynograph Balancer, 

made by the R. B. Annis Company of Indianapolis, 

Indiana. This device, shown set up for the dynamic 

balancing operation in Fig. 4-8, allows both the 

amount and angular position of any unbalance in 

either half of the rotor assembly to be determined. 

Refer to the manufacturer's instructions for a 

generalized description of its operation. 
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4-15. The procedure for balancing the rotor 

assembly requires the use of the special stainless- 

steel balancing arbor shown in Fig. 4-9, one of 

which is furnished with the Dynograph Balancer.. 

This arbor is used to mount the rotor assembly on 

the Dynograph Balancer. The cylindrical surfaces 

of the arbor are made to be concentric within very 

close tolerances in order not to contribute any 

additional unbalance. 

4-16. The detailed procedure for balancing the 

rotor assembly is as follows: 

a. Finger-push-fit the special arbor inside 

the rotor of the assembled rotor, bushing, and 

hysteresis ring (ref. paragraph 4-11e) and seat it 

against the shoulder in the rotor bore as shown in 

Fig. 4-9. 

h. Fasten the bearing retainer (4, Fig. 4-1) 

to the rotor with the six screws (5). These are 

No. 00-96, 3/32-inch long, stainless steel, 

fillister-head machine screws. 

c . Make a phasing mark on the bearing retainer 

side of the gyro rotor by means of vapor blast or 

etching. 

d.  Remove the belt from the belt rest on the 

Dynograph Balancer (ref. Fig. 4-8) and slip the 

rotor assembly — balancing arbor combination 

underneath the belt. 

e .  Place the shafts of the balancing arbor in 

the vibrator bearings -which are fixed to the nodal 

bar - so that the bearing retainer side of the rotor 

assembly is nearest the photoelectric scanning 

head. - 
Note 

Be sure the vibrator bearings are lubricated, but 

only sparingly. 

f .  Start the motor drive by depressing the 

foot switch. 

g. Switch on the cathode-ray-tube circuits 

and adjust the controls until a trace of the shape 

shown in the blowup on Fig. 4-8 is obtained. 

h. Turn the MASTER GAIN switch to the stop 

position on the right—hand side (position 4). In 

this position, the height of the unbalance trace is 

a maximum. 

1. Increase the width of the phasing pip (the 

horizontal pip on the cathode-ray tube), if neces- 

sary, by turning the PHASING PIP control in a 
clockwise direction. 
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Fig. 4-9. Pictorial view showing the special balancing arbor 

inserted in the rotor assembly. 

j. Move the SELECTOR SWITCH to the RIGHT 

or LEFT position in accordance with the side of 

the rotor assembly (viewed from the front of the 

Dynograph Balancer) for which unbalance is to be 

obtained. 

Note 

As shown in Fig. {9-8, the unbalance of the right- 

hand side of the rotor assembly is being obtained. 

To obtain the unbalance of the left-hand side, move 

the selector switch clockwise, so that it indicates 

LEFT. 

1:. Using the handwheel, rotate the scanning 

head until the phasing pip is at the bottom of the 

vertical trace. 

1. Stop the motor by depressing the foot 

switch. 

111. Read the angle on the scale underneath 

the pointer by the handwheel. This angle indicates 

that the position of heaviness is at the observed 

angle, measured counterclockwise from the phasing 

mark as a reference. 

n. Place some Tackiwax 180 degrees from 

the heavy spot on the right-hand side of the rotor 

assemblyin order tocompensate for the unbalance. 

0. Restart the motor, and observe the length 

of the vertical trace. Vary the amount of Tackiwax 

until the vertical trace is as small as possible. 

p. Turn the selector switch clockwise to the 

LEFT position and view the vertical trace. If the 

left-hand side of the rotor is unbalanced, locate 

the angular position of the heavy spot by the proce- 

dure of steps in through 111. 
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q. Remedy the unbalance by applying the 

procedure of steps n and o. 

r. Turn the selector switch to the RIGHT 

position again and observe if any difference in the 

length of the vertical trace .occurred after the 

right-hand side was balanced. “If necessary, repeat 

the right-hand and left-hand balancing procedures 

until the lengths of the two vertical traces are made 

equal and as small as possible. 

s. When the objective of step r has been 

achieved, remove weight from the heavy spots of 

the rotor assembly (180 degrees from the Tacki- 

wax) as follows. Remove weight from the outer 

edge of the bearing retainer if the left-hand side of 

the rotor assembly is heavy in any region. Re- 

move weight from the outer edge of the rotor on 

the right-hand side if this side is heavy. Remove 

only a little weight at a time, and check the balance 

frequently by steps k through r in order not to re- 

move too much weight. It is advisable to remove 

the weight by using a small file. 

4-17. Upon completion of the dynamic balancing 

procedure, remove the bearing retainer from the 

rotor assembly. Then place the rotor-bushing- 

ring assembly, the bearing retainer, and the six 

screws in a clean plastic bag until further required 

in the assembly procedure (ref. paragraph 4-21a). 

4-18. SELECTING THE SPIN-AXIS BEARINGS 

AND THE MOTOR SHAFT. The two spin-axis 

bearings (6, Fig. 4-1) and the associated preload 

spacers (7 and 8) support the rotor assembly on 

the motor shaft (9) and minimize any shift of the 

rotor assembly's center of gravity along the spin 

axis. The bearings used are of a type known as 

"rad-angular contact bearingsflf The typical fea- 

tures of these hearings are shewn by Fig. 4-10. 

Also shown are the design features of the preload 

spacers. The inner preload spacer has a smaller 

width than the outer preload spacer, so that when 

pressure is applied to the inner races by subsequent 

tightening of the motor shaft nut (13, Fig. 4-1) 

the bearing-contact pattern shown in Fig. 4-10 is 

obtained. This feature is used to preload the bear- 

ings (ref. paragraphs 4-62 through 4-68), an 

operation that causes the rotor assembly to have 

a very tight mechanical coupling to the motor shaft 

as far as translational motion parallel to the shaft 
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is concerned. This is essential for precise con- 

trol of the center-of—gravity position of the rotor 

assembly, which is required for rotational balance 

of the floated units assembly (ref. paragraphs 4-51 

through 4-7 3). 

4-19. The bearings and spacers are supplied by 

the Barden Corporation of Danbury, Connecticut. 

They come in sets, with two bearings plus an inner 

and an outer spacer to a set. Each set is hermeti- 

cally sealed in an individual package. Printed on 

the package is a code designation by means of 

which the dimensional characteristics of the 

bearings may be determined. In addition, there 

are instructions-as to the manner in which the parts 

should‘ be placed with respect to one another in 

assembly. 

4-20. The two bearings in each packaged set are 

identical. In order to allow for variations in motor 

shaftdiameters and the bore diameters of different 

rotor assemblies, a range of bearing sizes is pro- 

vided. The particular size of the bearings in each 

package is indicated by the code designation on the 

outside of the package. In each instance, this code 

designation will follow one of two forms described 

in Table 4-1. 

Table 4-1. Explanation of code letters and numerals in hearing 

code designations having either the form C-AB or the form C-lB.* 

Code _U_se_ 

When the code letter following use the bearing with a motor 
the hyphen in a betting code shaft whose bearin -surface 
designation of the form C-AB diameter (in inches lies within 
is the range 

A 0.09375 to 0.09380 

B 0.09370 to 0.09375 
C 0.09365 to 0.09370 
D 0.09360 to 0.09365 

Code Use 

When the code numeral follow— use the bearing with a motor 
shaft whose bearin -surface ing the hyphen in a bearing 
diameter (in inches lies with- code designation of the form 

C-lB is in the range 

1 0.09370 to 0.09380 
2 0.09360 to 0.09370 

Code Use 

When the final code letter in a use the bearing with a rotor 
bearing code designation of assembly in which the diam- 
the form C-AB or C-lB is eter of the rotor bore (in 

inches) lies within the range 

0.31210 to 0.31215 
0.31205 to 0.31210 
0.31200 to 0.31205 
0.31195 to 0.31200 

0
0

3
1

.
5

 

" The first letter in each bearing code designation (it should always 
be C) is the manufacturer’s designation for the particular type of bear- 
ing used for the spin-axis bearing in the ZOIG unit. 

4—21. The appropriate spin-axis bearings and 

motor shaft to be used with a given rotor assembly 

are selected by the following detailed procedure: 

a. Using an air gage (ref. Fig. 3-5) having 

25 millionths of an inch for each scale division, 

measure the diameter of the rotor bore of the 

particular rotor assembly concerned (ref. para- 

graph 4—17), and enter this value in the Assembly 

Record Book (ref. Appendix A). 

b. Applying this information to the bottom 

code tabulation in Table 4-1, determine the final 

letter that the code designation of the selected set 

of bearings must have. (For example, suppose 

the measured value of the rotor bore to be 0.31198 

inch. From the bottom tabulation of Table 4-1, the 

final letter in the code designation of the selected 

- set of bearings would have to be D. This would 

narrow the choice of acceptable bearing sets down 

to those with the code designation C-AD, C-BD, 

C-CD, C-DD, C-lD or C-2D.) 

c. Base the final selection of spin-axis bear- 

ings and motor shaft upon the bearing sets and 

motor shafts in stock. Any combination that satis- 

fies the requirements given in Table 4-1 and step b 

is acceptable. (For the example noted in step b, 



a bearing set identified by either the code designa- 

tion C-BD or C-1D would be acceptable for use 

with an available motor shaft whose bearing-surface 

diameter happened to be 0.09373 inch.) In carrying 

out this step, measure the diameter of the motOr 

shafts at the bearing Surface (ref. Fig. 4-11) with 

an electronic indicating gage (ref. Fig. 3-6) having 

a sensitivity of 25 millionths per scale division. 

+0.0000 
OJOOI'OJM’02 DIAMETER 

+0.0000 

0.0938‘0'0002 DIAMETER 
(Bearing Surface) 

+0.0000 
0.09334”0002 DIAMETER 

Notes: 1. .All dimensions are in inches. . 
2. .All diameters of each motor shaft, as received for assembly, 

are concentric within 0.0002 inch total indicator reading. 

Fig. 4-”. Dimensional details of the motor shaft. 

d.  Record the bearing-surface diameter of 

the selected motor shaft in the Assembly Record 

Book, together with the code designation of the 

selected bearing set. 

Note 
ideally, of course, there will always be a sufficient 

stock of different-sized bearing sets and motor 

shafts available to allow the foregoing procedure to 

be applied. Ifthere is not, however, it is permissible 

to hone a rotor bore (ref. paragraphs 4-22 through 

4-31) and/or polish a motor-shaft bearing surface 

to the required diameters to fit an available bearing 

set. Should either, or both, of these steps be neces- 

sary, the modified bearing-surface diameter and/or 

rotor-bore diameter must be recorded in the Assembly 

Record Book. 

e.  Remove any excess oil from the two selected 

spin-axis bearings by whirling them in a centrifuge 

( r e f .  F igs  3 ‘ 1 3 ) .  
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4-22. The honing process is a machine operation 
in which metal surfaces are finished by the appli- 

cation of a gritty substance that removes any tool 

or machining marks from the work piece. A 

base metal finish free from heat check and"smear 

metal" can be produced easily. A particular 

application of the honing operation is the honing of 

the rotor bore by an abrasive stone mounted on a 

rotating mandrel that is part of the honing machine. 

The over-all result obtained by honing an inside 

diameter is a truly cylindrical surface that has a 

precision of 0. 0001 inch, with a 4 micro-inch root 

mean square surface finish on the inside diameter. 

4-23. Shown in Fig. 4-12 is the honing machine 
used in the present operation. While an operator 

holds the rotor assembly, the rotating honing tool 

bones the inside diameter of the rotor bore. The 

drive motor mounted on top of the honing maChine 

is a 1/2 horsepower, single-phase, capacitor-type 

drive motor having a shaft speed of 1750 rpm. 

Mounted on the motor shaft and spindle shaft are 

step pulleys that enable the operator to select 

spindle speeds of 300, 450, 650 and 850 rpm. In 

order to shift the belt for varying speeds, the 

machine operator must swing the wire belt guard 

back and shift the belt by hand. For honing gyro 

rotors, a spindle speed of 300 rpm is selected. 

This gives the slowest stock removal and hence the 

best control when approaching the final dimension. 

The spindle is set in motion by stepping on a pedal 

linked to an idler pulley that swings into contact 

with the drive belt. The foot pedal also controls 

the radial advance of the cutting stone. 

4—24. Located inside-«the base of the machine is a 

12-gallon-capacity oil reservoir that, when pumped 

by a small centrifugal pump, provides a steady 

stream of honing oil for keeping the rotor clean and 

cool and for assisting the honing action. The pump 

is belt-driven also from the electric motor. A 

flexible tubing is connected to the discharge side 

of the pump and a small jet is connected to the end 

of the tubing through which the oil stream is directed 

against the rotor. The honing oil then runs back 

to the oil reservoir through a hole in the drain pan 

on the front of the machine. In order to discharge 

the honing oil, start the electric motor and then 

wait a few seconds for the ofl pressure to build up. 
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Fig. 4-12. Pictorial View of the honing machine. 

Turn the oil control knob counterclockwise to 

increase oil flow. If the pump does not pick up oil 

immediately, shut the motor off and jiggle the 

pump pulley up and down a few times to expel air 

from the pump impellers. Best honing results are 

obtained only when a continuous and ample supply 

of the proper honing oil is used. 

4-25. The honing tool, which changes when the 

work requirements change, consists of a mandrel, 

adapter, stone expansion wedge, and abrasive 

stone. These parts are shown in Fig. 4-13. The 

cutting stone consists of thousands of small abra- 

sive grains bonded together to present a surface 

of small cutting edges. Particular attention must 

be given to stone hardness and grit size for the 

material to be honed. In general, the harder the 

metal, the softer should be the stone and vice versa. 

It must also be determined whether a single honing 

Operation will do the job, or if a roughing opera- 

tion followed by a finishing operation is necessary 

to rembve the stock and obtain the desired surface 

finish. It is recommended that coarse grit stones 

be used for roughing to within 0.0005 inch to 

0.001 inch of final size, and then fine stones be 

employed for finishing. 

4-26. The blown-up section in Fig. 4-13 is taken 

at right angles to the other section. Note the point 

contacts (encircled) of the stone and the guide 
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Note: The encircled points represent the point contacts of the 
honing stone and the two guide shoes with the inner dia- 
meter of the rotor that exist at any cross section. 

Fig. 4-13. Construction of the honing tool. 

shoes with the inside diameter of the rotor. The 

unequal spacing of the honing stone and the two 

guides corrects any out-Of—roundness that may be 

present, prevents any pattern from developing, 

and therefore produces a perfectly round hole. 

When the rotor is placed over the honing tool, it is 

self-centered - thus eliminating fixtures and 

chucking distortions. 

4-27. Located on the front of the machine head are 

a micrometer feed dial, a cutting pressure dial and 

a honing dial. The feed dial controls the stone 

feedup, and therefore, the amount of stock that can 

be removed. The dial is connected to the foot pedal 

by a linkage. To expand the stone radially, turn 

the dial clockwise. (The dial is preset with the 

machine OFF and with the foot pedal depressed to 

the floor.) When the foot pedal is depressed to a 

stop position, the stone expands radially, but it 

cannot expand past the limit set on the feed dial. 
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Therefore, when stock removal and stone wear 

add up to the dial setting, the stone ceases to cut. 

The cutting pressure dial controls the pressure of 

the stone against the inside diameter of the rotor. 

It is necessary that the rotor be on the honing tool 

while the cutting pressure is adjusted. The pur- 

pose of the dial is to preload a spring that auto- 

matically feeds the cutting stone to the work during 

the honing Operation. Turn the dial to the right to 

increase the stone pressure against the work. The 

recommended practice is to use the lowest pres- 

sure that will give good cutting action and still 

stabilize the work on the honing tool. If desired, 

the automatic feedup of the stone can be made 

inoperative by turning the dial fully to the right. 

4-28. In order to keep the cutting stone and guide 

shoes in parallel alignment — that is, parallel to 

the mandrel axis — a truing sleeve made of very 

hard metal is supplied with the machine. The inside 

diameter Of the truing sleeve should be as near to 

the rotor bore diameter as feasible, so that the 

guide shoes will be seated in the proper radius. 

The truing operation is performed when starting 

with a new mandrel or stone. To perform the 

truing Operation, apply a small quantity of honing 

Oil to the stone occasionally, to form a lapping 

compound. Retract the cutting stone by turning 

the feed dial all the way counterclockwise. With 

the motor OFF, place the truing sleeve on the 

honing tool at the rear stroking position (sleeve 

nearest the machine head) and depress the foot 

pedal. Advance the feed dial (clockwise) until the 

cutting stone contacts the inside diameter of the 

truing sleeve. This means that the cutting surface 

is in contact with the rotor bore when the foot 

pedal is depressed to a stop position. Release the 

foot pedal and turn the motor 0N. Now, depress 

the foot pedal slowly (idler comes into Operation 

and spindle rotates) and begin stroking the sleeve 

forward and backward as the cutting stone contacts 

the work. Adjust the cutting pressure so that the 

torque can be held by hand. Release the pedal, 

turn the sleeve end for end on the mandrel and hone 

again. Notice that as the pedal is depressed, the 

feed dial moves away from the Operator. As 

honing proceeds , the dial moves toward the Operator 

until the stone "cuts free. " At that point, no axial 

movement of the feed dial is present and there is 
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no pressure on the stone. The cutting pressure 

shouldbe adjusted by means of the cutting pressure 

dial, not by the feed dial. The net result of this 

truing operation is that the honing-stone surface 

becomes accurately aligned with the axis of rota- 

tion of the mandrel. 

4-29. The honing dial is actuated by the stone 

feed mechanism and indicates when to remove the 

rotor and check the bore diameter with an air gage 

(ref. Fig. 3-5), and also indicates the rate of stock 

removal and stone wear. It is necessary to cali- 

brate the dial before performing the honing process. 

See the manufacturer's catalog for a detailed cali- 

bration procedure. 

4-30. Different types of stones are used for a 

particular honing application. For example, a 

multi-stone open—hole honing unit, a single-stone 

open-hole honing unit, and a single—stone blind— 

hole honing unit are some of the honing units avail- 

able. The insertion of these different types of 

cutting stones in the honing mandrel is adequately 

describedin the manufacturer's catalog and there- 

fore is not repeated here. 

4-31. A summary of the Operating procedure for 

the honing machine is as follows: 

a. Set cutting pressure dial to the proper 

pressure for the honing operation. 

b. True the mandrel and the stones with the 

truing sleeve. ‘ 

c.  With the motor OFF, place the gyro rotor 

on the honing tool and depress the foot pedal all the 

_ way. 

d. Advance stone feed dial until the honing 

‘dial pointer advances several divisions, but no 

more than the amount of stock to be removed. 

(See instructions on the honing machine nameplate 

regarding relationship between divisions on feed 

dial and actual stone advance for different types of 

mandrels.) 

e.  Hone until the honing dial pointer reads 

"0. " Remove the rotor and check the bore with an 

air gage (Fig. 3-5). It will be undersize by the 

amount of stone wear. , 

f .  Turn the feed dial clockwise and advance 

the stone enough to bring the part to size. Hone 

until the honing dial again reads "0" and check 

with the air gage. 

g. The rotor should now be to size. 

h. If the honing dial pointer moves at a rate 

out of proportion to the stock removal, one of the 

following conditions may exist. 

(1) The pointer moving too fast indicates 

that the stone is too soft or the cutting pressure is 

too high. 

(2) The pointer moving too slowly or not 

at all indicates that the stone is too hard, or is 

glazed, or the cutting pressure is not high enough. 

Note 
Never remove the rotor when mandrel is rotating as 

the rotor and the stones may be damaged. 

4-32. ASSEMBLING THE SPIN-AXIS BEARINGS 

AND THE PRELOAD SPACERS. Figure 4—14 is 

an exploded view showing the method for assembling 

the selected spin-axis bearings and the associated 

preload spacers inside the rotor bore. 

Note 

The use of a plastic hammer or any rapping device 

is prohibited for inserting the bearings and the 

preload spacers. 

The arbor press is not used to force the bearings 

and spacers in place, but rather to ensure their 

correct alignment. It is. important to place the 

bearing-pad spacer (8, Fig. 4-14) between the end 

of the rotor bore and the collet (9) in order to avoid 

breaking off the bearing seat of the rotor when the 

lower bearing is inserted. The bearings should be 

mounted back-to-back, that is, with the lettering 

on the outer races facing each other. There are 

two arbor extensions shown in Fig. 4-14. One is 

for the two bearings, the other for the outer preload 

spacer. No arbor extension is needed for the inner 

preload spacer since it may be readily dropped in 

place. 

4-33. The detailed procedure for assembling the 

bearings and the preload spacers is as follows: 

a. Mount the rotor -bushing-ring assembly on 

an appropriate-size collet as shown in Fig. 4-14, 

with the bearing-pad spacer snugly in place between 

the end of the rotor bore and the collet. 

b. Place the rotor-bushing-ring assembly - 

collet combination on an appropriate-size heating 

pad and heat it to a temperature of approximately 

250° F by means of the heat-retaining block. This 

allows the bearings and spacers (which are at room 

temperature) to be more readily inserted. 
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1. Arbor-press shaft 7. Outer preload spacer 
2. Arbor extension for 8. Bearing-pad spacer 

bearings 9. Collet 
3. Arbor extension for outer 10. Rotor 

preload spacer 11. Bushing 
4. Upper bearing 12. Hysteresis ring 
5. Lower bearing 13. Heat-retaining block 
6. Inner preload spacer 14. Heating pad 

Notes: 1. No arbor extension is required for the inner preload spacer. 
2. The upper and lower bearings are assembled with the let- 

tering on the outer races facing each other. 

Fig. 4-l4. Exploded View showing the method for assembling 
the bearings and the preload Spacers inside the rotor bore. 

c.  Insert the lower bearing, using the arbor 

extension for bearings, with the lettering on the 

outer race facing upward. 

d .  Insert the outer preload spacer, using the 

arbor extension for this spacer. 

e .  Insert the inner preload spacer. 

f .  Insert the upper bearing, using the arbor 

Note 
Molykote may be applied to the inside of the rotor 

bore to ease the assembly of the bearings and the 

outer preload spacer, but all eacess must be sacked 

away with a vacuum hose. 

4-34. ASSEMBLING THE BEARING RETAINER. 

The bearing retainer (4, Fig. 4-1), which holds 

the bearings and the preload spacers inside the 

rotor, serves as a vital element in the bearing pre- 

load procedure (ref. paragraphs 4-62 through 4-68). 

For this reason, it is important that it not be 

cocked with respect to the rotor. The detailed 

procedure for assembling the bearing retainer to 

the rotor is as follows: 

a. While the rotor-bushing-ring assembly is 

maintained at a temperature of about 250° F by the 

heat-retaining block (see Fig. 4-15), insert the 

bearing retainer at room temperature. 

Note 

The same combination of bearing retainer, screws, 

and rotor-bashing-ring assembly for which dynamic 

balance was obtained (ref. paragraphs 49-12 through 

4-17)rnust be used here. 

(at room 
temperature) 

(heated ' 
t0 250°F) / \ \  xfWVHD‘ 

t- . 
\ 7 \  
w 

B l M i 

\\\
\\ 
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1. Six No. 00-96 x 3/32-inch, 4. Upper bearing 
stainless-steel, fiat, fillis- 5. Outer preload spacer 

ter-head machine screws 6. Lower bearing 

2. Bearing retainer 7. Heat-retaining block 

3. Rotor B..Heating pad 

extension for bearings, with the lettering on the 

outer race facing downward. 
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Fig. 4-15. Exploded View showing the method for assembling 
the bearing retainer. 
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b. Screw the bearing retainer in place on the 

rotor assembly. 

Note 
No torque wrench is available for screwing down 

the machine screws. Hence, care should be ‘eeer— 

cised to obtain as equal a pressure distribution as 

possible around the circumference of the outer race. 

This will avoid any cocking of the bearing retainer 

with respect to the rotor. 

c .  Place the assembled rotor assembly, spin- 

axis bearings, and preload spacers in a clean 

plastic bag together with the selected motor shaft 

and leave them there until further required in the 

assembly procedure (ref. paragraph 4-39c). 

4-35. CHECKING THE MOTOR STATOR. Fig- 

ure 4-16 is a pictorial view showing a typical motor 

stator used in the 201G unit. It is a six-pole stator 

having 12 slots and 12 pole faces (2 faces per pole). 

TERMINAL A 
(ALSO ca) 

TERMINAL B 
(ALSO G2) 

TERMINAL N 
(ALSO GI) 

Fig. 4-16. Pictorial view of a typical motor stator. 

4-36. Before using a stator in the assembly of the 

gyro unit, the following checks should be made: 

a. Inspect the stator, using a jeweler's loupe 

(ref. Fig. 3-9), for any impregnation sloppiness 

on the laminations, stator hub, and hub seat faces. 

b. Ascertain that the stator terminal board 

is secure on the stator windings. 

c .  Check the stator shaft hole and mating 

motor shaft for a push fit. 

4-37. In addition, electrical checks of the stator 

windings should be made at various stages of the 

gyro unit assembly. Table 4-2 shows the stator 

winding check sheet used. Nominal resistances 

between the stator terminals are given in the sec- 

ond column of the check. sheet. Note that there 

are two alternative sets of letter designations used 

to identify the stator terminals: A, B, and N or 

G3, G2, and G1, corresponding in the order given. 

These terminals are identified in Fig. 4-16; no 

designations appear on the stator itself. 

4-38. The electrical checkout of the stator windings 

is made with a Simpson Multimeter (ref. Fig. 3-10). 

For the resistance measurements G1 - G2, G1 - G3, 

and G2 - G3, the resistance readings are read on 

the Rxl-ohm scale. To make a resistance meas- 

urement such as G1 — G2, place one Simpson lead 

on the G1 terminal of the motor stator and the 

other Simpson lead on the G2 terminal of the motor 

stator. The needle should indicate a resistance of 

approximately 4.2 ohms. If the needle should indi- 

cate a resistance that is much lower than 4.2 ohms, 

an internal short circuit may be present in the 

G1 - G2 windings. If the needle does not move 

over the RX l-ohm scale, a break, or internal open 

circuit, is present between the two terminals. To 

check the ground connections, the R x  10, GOO-ohm 

scale of the Simpson Multimeter is used. If a 

resistance reading of more than 2 megohms 

(2, 000,000 ohms) is obtained when one Simpson ' 

lead is on a stator terminal and the other on a 

stator pole face, the stator is acceptable for 

assembly. 

4-39. CHECKING THE MOTOR SPACERS AND 

THE MOTOR SHAFT NUT. The motor spacers 

(11 and 12, Fig. 4-1) and the motor shaft nut (13) 

are used later in the assembly procedure for 

assembling the motor shaft, rotor assembly, spin- 

axis bearings, preload spacers, and motor stator 

to the gimbal fork (ref. paragraphs 4-62 through 

4-64). At the present stage of-assembly, the 

motor spacers and the motor shaft nut are selected 

and given an inspection as follows: 

a. Select a motor upper spacer from stock 

and measure its thickness with a micrometer. It 

should lie within the range 0.140 2:33? inch. If the 

spacer is satisfactory, enter the measured value 

in the Assembly Record Book. If not, discard it 

and repeat the procedure. 

b. Repeat the procedure of step a for the 

motor lower spacer. Its thickness should lie within 

the range 0. 080 $0.001 inch. 
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Table 4-2. Gyro motor stator-winding resistance check list. 

Nominal Value Check Before Check After Check After Check After Check Before 
Resistance of Resistance Assembly of Assembly of CW?" Before Fllling When Filling When Delivery 

Across (ohms) Power Leads Power Leads F'""‘9 Gyro Gyro is Hot Gyro is Cold of Gyro 

GI -- 62 

or 
N - B 4.2 

G1 - GB 
or 

N - A 4.2 

62 - GB 
or 

B - A 9 

G1 - Ground 

or More than 
N - Ground 2 mcgohms 

62 - Ground . 

or More than 

B - Ground 2 mcgot 

G3 - Ground 

or More than 

A - Ground 2 megohms 

c. Select a motor shaft nut from stock and 

check that it threads satisfactorily onto the selected 

motor shaft (ref. paragraph 4-34c). 

4-40. PACKAGING THE MOTOR ASSEMBLY 

COMPONENTS PENDING FURTHER USE. Place 

the selected motor stator, motor spacers, and 

motor shaft nut in the plastic bag used to contain 

the selected motor shaft and assembled rotor 

assembly, spin-axis bearings and preload spacers 

(ref. paragraph 4-34c). Secure the bag and store 

until the contents are further required in the assem- 

bly procedure (ref. paragraph 4-63b). Figure 4-17 

shows these components at the present stage of 

assembly. 

1. Motor shaft 4. Stator 
5. Motor lower spacer 2. Motor upper spacer 
6. Motor shaft nut 3. Rotor assembly 

Fig. 4-17. Motor assembly components ready to be packaged 

for further use. 
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4-41 . MICROSYN UNITS. 

4-42. PROCEDURE FOR PREPARING THE 

MICROSYN UNITS FOR ASSEMBLY. As noted in 

Section 11 (ref. paragraphs 2-23, 2-27, 2-33 and 

2-35), there are two types of Microsyn units in the 

201G gyro unit: 

a. The Microsyn torque motor. 

b. The Microsyn signal generator. 

The basic physical construction is the same in 

these two units. The essential difference between 

them lies in the electrical windings of the four 

identical coil assemblies on each stator core and 

in the manner in which these windings are con- 

nected. 

4-43. In preparing the Microsyn torque motor and 

the Microsyn signal generator for assembly, the 

differences between them play such a small part 

that the procedures for both units can be treated 

in one set of instructions. This set of instructions 

breaks down into two basic divisions: 

a. Preparing the Microsyn torque motor 

rotor and the Microsyn signal generator rotor' for 

assembly (ref. paragraphs 4-44 and 4-45). 

b. Preparing the Microsyn torque motor 

stator assembly and the Microsyn signal generator 

stator assembly for final assembly (ref. para— 

graphs 4-46 through 4-50). 



4-44. PREPARING THE MICROSYN TORQUE 

MOTOR ROTOR AND THE MICROSYN SIGNAL 

GENERATOR ROTOR FOR ASSEMBLY. The 

Microsyn units used in the M. I. T. 2016 units are 

supplied by the Electromagnetic Engineering Sec- 

tion of the Instrumentation Laboratory, M.I .T.  

Each unit is tested before leaving this section. A 

production test data sheet incorporating the results 

of the test accompanies each Microsyn unit re— 

ceived from the Electromagnetic Engineering Sec- 

tion. This sheet (see typical form on accompany- 

ing page) indicates whether the tested Microsyn 

unit is  a torque motor or a signal generator and 

identifies it by means of the serial numbers that 

are inscribed on the respective rotor and stator. 

These serial numbers, in conjunction with the 

production test data sheet, enable the assembler 

to positively identify the mating components of a 

particular Microsyn unit. 

4-45. The detailed procedure for preparing the 

Microsyn rotors for assembly is as follows: 

a. Using a production test data sheet, pair 

off a mating rotor and stator assembly for the 

Microsyn torque motor, and package the pair in a 

plastic bag. 

b. Using another production test data sheet, 

pair off a mating rotor and stator assembly for the 

Microsyn signal generator, and package the pair 

in a separate plastic bag. 

c .  Record the serial numbers of the rotors 

and the stator assemblies in the Assembly Record 

Book (ref. Appendix A). 

d.  Weigh each of the two rotors separately on 

an analytical balance (ref. Fig. 3-11), and record 

the weight, in grams, in the Assembly Record Book. 

e .  Return the rotors to their respective 

plastic bags, pending use later in the assembly 

procedure (ref. paragraph 4-69k). 

4-46. PREPARING THE MICROSYN TORQUE 

MOTOR STATOR ASSEMBLY AND THE MICROSYN 

SIGNAL GENERATOR STAT OR ASSEMBLY FOR 

FINAL ASSEMBLY. As received from the Electro— 

magnetic Engineering Section, each Microsyn stator 

assembly is not yet equipped with the electrical 

leads necessary for the excitation current, the input 

signals and the output signals. However, the re- 

quired interconnections between coil windings have 

been made by means of solder jumpers connecting 

the appropriate terminal pins, and a stator mount 

has been bonded to the stator core with Plastilock. 

The task of soldering on the so-called "pigtail" 

electrical leads belongs to the assembler. It is 

also part of his task to further secure the stator 

mount and stator core together with screws, 

bushings and nuts. The procedure for preparing 

each Microsyn stator assembly for final assembly 

has the following basic steps: 

a. Securing the stator mount to the stator 

core (ref. paragraph 4-47). 

h. Checking the resistances of the coil wind- 

ings (ref. paragraph 4-48). 

c .  Soldering the pigtail leads onto the ter— 

minal pins (ref. paragraph 4-49). 

d. Checking the mounting feet for squareness 

and smoothness (ref. paragraph 4-50). 

4-47. The detailed procedure for securing the 

stator mount to the stator core is as follows (ref. 

Fig. 4-18): 

a. Push small teflon bushings over each of 

the four No. 2—56, 5/16-inch long, stainless steel, 

fillister head screws used with each stator mount. 

b. Insert the screws, with their teflon bushings, 

through the four holes in the stator mount and then 

through the mating holes in the laminations of the 

stator core. 

c .  Add the four mating nuts and tighten snugly. 

4-48. At this stage of the assembly, it is advisable 

to check the resistances of the coil windings. This 

should be done with a Simpson Multimeter (ref. 

Fig. 3-10). Table 4-3 showsthe resistances to be 

checked and the nominal reading for each resistance. 

The table also indicates subsequent checks to be 

made at various stages of assembly. Enter the 

resistance readings obtained into the Assembly 

Record Book. 

4-49. The detailed procedure for soldering the 

pigtail leads onto the terminal pins is as follows 

(ref. Figs. 4—19 and 4-20): 

a. Cut 14 3-inch lengths from a spool of 

No. 28 HI TEMP wire. 

b. Strip about 1/4 inch of the booting away 

from each end of the wires. 

c .  Inspect the remaining booting and the 

exposed strands to see that there are no loose 
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i.
‘ 

1. Screw (4) 3. Stator mount 
(No. 2-56. 5/ 16 in. long) 4. Stator core 

2. Teflon bushing (4) 5. Nut (4) 

Note: As received from the Electromagnetic Engineering 
Section of the Instrumentation Laboratory, M. I. T., 
the stator mount and stator core are bonded together 
with Plastilock. The additional hardware shown 
supplements this bond. . 

Fig. 4-18. Exploded View showing the method for securing the 
stator mount to each Microsyn stator core. 

strands of boating and that none of the original 

7 strands of wire are cut off. Use surgical shears 

(ref. Fig. 3-12) to cut away any loose strands of 

boating. 

d. Clean thoroughly the ends of each pigtail 

lead and all parts of each stator assembly, using 

95 percent pure ethyl alcohol and a short-bristled 

stiff brush. . 

e.  Using a Variac, apply 90 volts to the 

soldering iron. 

f .  Tin the ends of the pigtail leads, using 

50/50 solder (melting point 418° F) and No. 1544 

Kester flux. 

g. Use Figs. 4-19 and 4-20 as the guides for 

soldering the 7 pigtail leads to the various terminal 

pins of each Microsyn stator assembly. 

Note 

These two figures show the two stator assemblies 

oriented such that a) the direction of the spin 

reference dais is toward the top of the page and 

b)the stator mounting feet are toward the assembler. 

The split quadrature pin makes a good reference 

guide for aligning the actual assemblies with the 
respective views shown in Figs. 4-19 and 4-90. 

h. L00p the end of the pigtail lead, apply a 

little flux to the pigtail and to the terminal pin of 

the Microsyn, place the loop of pigtail around the 

pin and touch the soldering iron to the pigtail until 

solder begins to flow and a good bond between the 

pin and the pigtail is obtained. 

Note 
Care must be exercised so that the wire from the 

Microsyn coil to the pin does not become loosened 
in the soldering process and that no solder build-up 
occurs between the terminal pin and the coil wind- 
ings. 

i. Inspect every soldered joint for any loose 

connections that may have resulted during the pig- 

tail soldering procedure. Resolder as required. 

j. Using a small stiff brush, wash off any 

excess flux with alcohol and clean with a vacuum 

hose. 
Note 

Do not use any solvents (trichlorethylene, acetone, 

carbon tetrachloride, etc.) on the Microsyn stator 

assembly. 

k.  Recheck the resistances of the coil 

windings as indicated in Table 4-3, and enter the 

results in the Assembly Record Book. 

1. Obtain a neat arrangement of the pigtail 

leads by tucking each lead behind the adjacent 

mounting foot, as shown in Figs. 4-19 and 4-20. 

4-50. Prior to packaging the two Microsyn stator 

assemblies for future use, it is necessary to check 

the squareness of the mounting feet relative to a 

perpendicular axis. If the mounting feet of a 

Microsyn unit are not square, the radial air gap 

between the rotor and the stator core in the assem- 

bled gyro unitwill not be uniform and a nonuniform 

flux density across the air gap will occur. This 

will lower the perfdrmance of the Microsyn unit. 

In addition, it is necessary to remove any sharp- 

ness or roughness along'the edges of the mounting 

feet. If this is not done, there is the possibility 

that some of the pigtail leads may be cut during the 

assembly of the Microsyn stator assemblies into 

the gyro unit housings (ref. paragraphs 5-8 through 

5-11). The detailed procedure for checking and 

fixing the stator mounting feet is as follows: 

a. To check for squareness of the mounting 

feet, place each stator assembly - feet downward - 

on a flat surface plate. If any of the four feet do 

not rest flat against the surface plate, a lack of 

squareness is present. 
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Table 4-3. Microsyn resistance check sheet. 

Signal generator MY 1.5-25 Rotor No. Stator No. 
Torque motor MY 1.5-4 Rotor No. Stator No. 

Check Check Check Check 

Nominal Before After Before After Check Check Check 

Resistance Value Soldering Soldering Assembly Assembly Before Before After 
Across (ohms) Pigtails Pigtails into Unit into Unit Centering Filling Filling 

Pl — P2 7.0 

Pl — PICT 3.5 

FlLLING PIN 
P2 - PICT 3.5 (used for filling gyro unit 

with flotation fluid) 
- P1 — PlQA 5.0 

P2 — PIQA 2.0 

PICT — PlQA 2.0 

$1 - $2 280 

$1 — SICT 140 

$2 — SlCT 140 

more than 
P1 "' GND 2 megohms 

P2 - GND 

PICT — GND 

PIQA - GND 

81 — GND SENSING 

PIN 

$2 — GND 

__ IDENTIFICATION OF TERMINAL 
SICT GND PINS ON THE GYRO UNIT 20-PIN 
p1 _ 31 V CONNECTOR 

T1 — T2 32 

T1 — TlCT 16 

T2 - TICT 16 

T3 - T4 24 

T3 - T3CT 12 

T4 - T3CT 12 

1'1 — TIQA 24 

T2 - TIQA s 

T1CT — T1QA. 3 
more than 

T1 - GND 2 me ohms 

T2 - GND 

TICT - GND 

T3 — GND 

T4 - GND 

T3CT - GND 

TIQA - GND 

T1 — T3 V 



Note: 
This is the direction that is 
aligned with the positive direc- 
tion of the spin reference axis 
in the assembled gyro unit. 

1 TlCT 

SPLIT 
QUADRATURE 

PIN 

T4 TIQA 

T3 

T3CT 

Tl T2 

Fig. 4-l9. Top View of the Microsyn torque motor stator 
assembly, with the mounting feet upward. 

Note: 

This is the direction that is 

aligned with the positive direc- 
tion of the spin reference axis 
in the assembled gyro unit. 

SPLIT 
QUADEIATUR E 

Fig. 4-20. Top View of the Microsyn signal generator stator 
assembly, with the mounting feet upwind. 

b. Correct any defect in the squareness with 

two pairs of long-nose pliers — one as a clamping 

device, the other to apply force. Bend the feet 

until the desired squareness is obtained. 

c .  To eliminate any sharpness or roughness 

along the edges of the stator feet, use a smooth 

oil stone as an abrasive. 

d. Place the completed Microsyn torque 

motor stator assembly and Microsyn signal gen- 

erator stator assembly in their respective plastic 

bags until required for final assembly into the gyro 

unit housings (ref. paragraphs 5-8 through 5-11). 

4-51. FLOATED UNITS ASSEMBLY 

also Fig. 2-12). 

(ref. Fig. 4-21;‘  

4-52. PROCEDURE FOR ASSEMBLING THE 

FLOATED UNITS ASSEMBLY. The procedure for 

assembling the floated units assembly follows that 

outlined in the Assembly Record Book (ref. Appen— 

dix A). Briefly, the basic steps of the procedure, 

which are covered in detail in the ensuing para- 

graphs, are as follows: 

a. Checking the gimbal shell and the gimbal 

fork (ref. paragraph 4-53). 

h. Selecting and checking the power lead-in 

body (ref. paragraphs 4-54 and 4-55). 

c .  Assembling the power lead-in body in the 

gimbal fork shaft (ref. paragraph 4-56). 

d .  Checking the float runout (incorporates 

the checking and assembly of the balance assembly 

and the two pivot assemblies)(ref. paragraphs 4- 57 

and 4-58). 

e .  Assembling the power lead-in clamp and 

checking the power lead-ins for grounds (ref. para- 

graph 4-59). 

f .  Checking and assembling the balance nuts 

(ref. paragraphs 4-60 and 4-61). 

g. Selecting the motor spacers (ref. para- 

graphs ‘4-62 and 4-63). 

h. Assembling the motor assembly in the 

gimbal fork (ref. paragraph 4-64). 

i .  Minimizing the pendulosity of the floated 

units assembly (ref. paragraphs 4-65 and 4-66). 

j. Checking the coast-down time and running- 

in the bearings (ref. paragraphs 4-67 and 4-68). 

k. Assembling the gimbal fork, gimbal shell, 

and associated parts (ref. paragraph 4-69). 
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1. Gimbal shell 11. Lower motor spacer 
2. Gimbal fork 12. Motor shaft nut: 
3. Microsyn torque motor 13. Microsyn signal generator 

rotor rotor 
4. Microsyn torque moror 14. Microsyn signal generator 

rotor clamping screws rotor clamping screws 
5. Pivot assembly 15. Balance assembly 
6. Power lead-in body 16. Balance not 
7. Motor shaft 17. Screw 

8. Upper motor spacer 18 Pivot assembly 
9. Rotor assembly ~ 19. Power lead-in clamp 

10. Motor stator 20. Screw 

SPIN AX IS 

SA 

1 

STOP PIN HOLE 

Fig. 4-2]. Exploded View of the floated units assembly. 

1. Evacuating the gimbal shell and adding 

helium under pressure (ref. paragraphs 4-70 and 

4-71). 

m. Obtaining a balance in Fluorolube (ref. 

paragraphs 4-72 and 4-73). 

4-53. CHECKING THE GIMBAL SHELL AND THE 

GIMBAL FORK. As noted in Section II, both the 

gimbal shell (1, Fig. 4—21) and the gimbal fork (2) 

are of aluminum, with a copper plating (ref. para- 

graphs 2-28 and 2-32). The copper plating allows 

an induction-soldered joint to be made between the 

two units. Inspect the copper plating of the gimbal 

shell and the gimbal fork to be used in the floated 

units assembly to insure that there are no blisters, 

pock marks, or bad scratches on critically mating 

surfaces. If either is found defective in this respect, 

discard and replace with a suitable part. 

4-54. SELECTING AND CHECKING THE POWER 

LEAD-IN BODY. The power lead-in body (6, Fig. 

4—21) is manufactured by the Stupakoff Ceramic 

and Mfg. Co. , of Latrobe, Pennsylvania. For this 

reason, it has received the nickname "Stupakoff. " 
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To select a suitable "Stupalroff, " or power lead-in 

body, for assembly in the gimbal fork, perform 

the following steps: 

a. Measure with a ball gage (ref. Fig. 3-14) 

the diameter of the gimbal-fork bore into which the 

power lead—in body is to be placed. 

b. Select a power lead-in body whose outside 

diameter, as measured with a micrometer (ref. 

Fig. 3-15) does not exceed the diameter of the 

gimbal-fork bore. 

4-55. Once a power lead-in body witha satisfactory 

diameter has been obtained, it should be further 

checked as follows (ref. Fig. 4-22): 

KOV AR TUBING 

WIRE 

PIVOT 
CONE-SEAT 

Fig. 4-22. Cutaway View of the power lead-in body. 



a. Inspect the part under a microscope (ref. 

Fig. 3-16) for the presence of through cracks. If 

such cracks are present, the part is unacceptable. 

b. Check for any grounds between the three 

Kovar wires and the outside Kovar tubing with a 

General Electric Resistance Meter (ref. Fig. 3-17). 

A resistance less than 2 megohms is unacceptable. 

c .  Check the pivot cone-seat and also the 

thread of the recess. Clean as required. 

4-56. ASSEMBLING THE POWER LEAD-IN BODY 

IN THE GIMBAL FORK SHAFT. The power lead- 

in body is induction-soldered in the gimbal fork 

shaft. The detailed steps of this procedure are as 

follows: 

a. Retap the 1—64 NC -2 tapped hole in the 

shaft of the gimbal fork and remove any metal 

chips or dirt with a vacuum hose. This is neces- 

sary because the power lead-in clamp (19, Fig. 

4-21)for the three power lead-ins (the three Kovar 

wires of the power lead-in body) must be capable 

of being drawn up snugly by the 1-64 NC -2 screw 

(20), so that it is flush with the inside surface of 

the gimbal fork (ref. paragraph 4-59d). 

b. Slip silicon-rubber-fiberglass insulating 

sleeves over the entire lengths of the three Kovar 

wires of the power lead-in body. 

c .  Clean and size the three power lead-in 

holes in the gimbal fork so that they can receive 

the silicon-rubber-fiberglass insulating sleeves. 

d.  Coat the inside of the gimbal fork shaft 

with soldering flux. 

e. Insert the power lead-in body in the entrance 

to the bore of the gimbal fork shaft (ref. Fig. 4-23), 

with the three Kovar wires and their insulating 

sleeves lined up with and fed through the three 

power lead-in holes in the gimbal fork. 

f .  Push the power lead-in body into the bore 

of the gimbal fork shaft, maintaining the orienta- 

tion of the three Kovar wires so that one of the 

wires, the center line of the power lead—in body, 

and the stop pin hole remain lined up. Seat the 

power lead-in body firmly against the shoulder near 

the bottom of the bore. In its final position, the 

top rim of the power lead-in body should be 0. 005 

to 0.010 inch below the top of the gimbal fork 

shaft. 

g. Mount the gimbal fork in a solderingfixture 

as shown in Fig. 4-24. 

POWER LEAD-IN BODY 

I 

H - g KOVAR WIRES 
ENCLOSED IN 

SILICON RUBBER FIBERGLASS 
INSULATING SLEEVES 

STOP PIN 
HOLE 

Fig. 4-23. Exploded view showing the procedure for inserting 
the power lead-in body in the gimbal fork. 

Note 
A discarded gimbal shell serves quite satisfactorily 
as the soldering fiature. 

h. Mount the soldering fixture on a standard 

bench block that has been placed in a specially con- 

structed positioning device as shown in Fig. 4-24. 

1. Place the positioning device beneath a 

soldering machine (ref. Fig. 3-18), in which an 

appropriate—size induction soldering coil is used, 

so that the coil fits around the gimbal fork shaft 

as shown in Fig. 4-24. 

j. For fine positioning, turn the handle of the 

positioning device to raise or lower the gimbalfork 

with respect to the induction soldering coil. 

k. Place a ring of 50/50 solder (50 percent 

tin, 50 percent lead) around the upper circum- 

ference of the power lead-in body. For this pur- 

pose, the gimbal fork shaft is designed with a 

chamfer on the outer end of its bore, and the power 

lead-in body (ref. Fig. 4-22)has a mating chamfer 

on its outer edge. ' 
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SOLDER ING 
MACHINE 

SOLDER ‘il ,/ _ 

5 % “ g  
INDUCTION 
SOLDERING 

COIL 

SOLDERING FIXTURE 
(shown partially cut away) 

7 
- /  POSITIONING 

. DEVICE 
\ g 

\ >2, 
' 

Fig. 4-24. Pictorial view showing the procedure for soldering 
the power lead-in body in the gimbal fork. 

1. By means of the soldering machine, heat 

the gimbal fork shaft to a temperature that will 

melt the solder. 

Note 
For the detail. steps of the soldering procedure, see 

steps e through 3' of paragraph 4-84. For the present 

procedure, the dummy load should consist of a dis- 

carded gimbal fork — power lead-in body combination 

mounted in the soldering fieture. 

m. Once this temperature is reached, turn 

off the soldering machine. This completes the 

induction-soldering procedure. 

Note 
Allow the gimbal fork to cool to room temperature 

before going further with the assembly procedure. 

4-57. CHECKING THE FLOAT RUNOUT. The 

next. step following the soldering operation is to 

measure the runout, or eccentricity, of the floated 

units assembly, both at the balance assembly end 

of the gimbal shell and the power lead—in body end. 

To do this, the gimbal fork and gimbal shell are 

temporarily assembled - that is, without being 

induction soldered — to form the float. They must 

be positioned with respect to one another just as in 

final assembly, that is, so that the positive spin 

50 

axis direction associated with the gimbal fork (ref. 

Fig. 4-25) lines up with a corresponding fixed 

direction associated with the gimbal shell (ref. 

Fig. 4-26). As indicated in Fig. 4-21, the spin 

axis passes through the center lines of the two holes 

in the gimbal fork through which the motor shaft 

is inserted. Its positive direction, which is iden- 

tical with the direction the thumb of the right hand 
has when the fingers of that hand are curled in the 

direction that the rotor turns, is on the side of the 

gimbal fork containing the stop pin hole. The cor- 

responding fixed direction associated with the 

gimbal shell lies along a line perpendicular to the 

center line of the gimbal shell shaft and in line with 

the two tapped holes in the Microsyn signal gener- 

ator rotor mounting pad. Its positive sense with 

respect to the three tapped holes used for mounting 

the balance assembly is as shown by Fig. 4-26. 

FIXED DIRECTION IN GIMBAL FORK 
CORRESPONDING TO POSITIVE 

DIRECTION OF SPIN AXIS 

SA 

STOP 
A PIN 
HOLE 

GIMBAL 
FORK 

GIMBAL 
FORK 

DEGASSING SHAFT 
TUBE 

Fig. 4-25. End View of the gimbal fork shaft showing the 
positive direction of the spin axis. 

With the balance assembly assembled to the gimbal 

- shell shaft, the positive direction of the spin axis 

is along the one balance stud that is directly 

opposite one of the three screws securing the 

balance assembly (ref. Fig. 4-21). Subsequently 

in the assembly procedure, after the motor assem- 

bly has been added to the gimbal fork, the gimbal 

shell and gimbal fork are soldered together with 



these two positive spin-axis directions in align- 

ment. This will ensure that the final runout will 

not exceed the runout determined at this stage of 

assembly. 

FIXED DIRECTION IN GIMBAL SHELL 
CORRESPONDING TO POSITIVE 

DIRECTION OF SPIN AXIS 

SA 

CENTERLINE OF GIMBAL I MICROSYN SIGNAL 
SHELL SHAFT GENERATOR ROTOR 

MOUNTING PAD 

GIMBAL 
SHELL 
SHAFT 

GIMBAL 
SHELL 

TAPPED HOLE 
(one of two used for 

TAPPED HOLE 
(one of three used for 
mounting balance os- mounting Microsyn 
sembly hub to gimbal signal generator 
shell shaft) rotor to its mounting 

pod) 

Fig. 4-26. End view of the gimbal shell shaft showing the 
positive direction of the spin axis. 

4-58. The detailed procedure for checking the 

float runout is as follows: 

a. After the gimbal fork has cooled to room 

temperature following completion of the soldering 

operation, remove it from the soldering fixture. 

b. Temporarily assemble the gimbal fork to 

the gimbal shell so that the positive spin-axis direc- 

tion of one lines up with the correspondingdirection 

of the other (ref. paragraph 4-57). Exact align- 

ment is obtained by supporting the gimbal fork - 

gimbal shell combination at the Microsyn rotor pads 

on two blocks lying on a flat surface, as shown in 

Fig. 4-27. When the flats of both rotor pads lie 

flush against the blocks, correct alignment is 

assured. 

c.  Attachthebalance assembly (15, Fig. 4-21) 

to the gimbal shell shaftwith the three screws (17), 

in the orientation noted in paragraph 4-57. If neces— 

sary, polish the shaft outside diameter until the 

balance assembly goes on with a light push fit. It 

is unimportant whether or not the balance nuts are 

on the studs of the balance assembly at this time. 

However, the following measurements are to be 

made and the results entered in the Assembly 

Record Book: 1) the distance from the end of each 

stud to the end of the opposite stud, with a microm- 

eter (ref. Fig. 3-15) (this dimension shall be 

1.1241832 inches and shall be centered on the 
axis of the gimbal shell shaft); 2) the gimbal shell 

shaft outside diameter, using a micrometer; and 

3) the mating inside diameter of the balance assem- 

bly hub, using an air gage (ref. Fig. 3-5). 

TAPPED HOLE IN 
AL IgNME NT WETH 

TAP ED HOLE IN 
MICROSYN SIGNAL GIMBAL SHELL 

GENERATOR ROTOR 
MOUNTING PAD 

GIMBAL FORK 

BENCH BLOCK 

STOP PIN 

BENCH BLOCK FLAT 

SURFACE 
MICROSYN SIGNAL GENERATOR 

ROTOR MOUNTING PAD 

Fig. 4-27. Pictorial diagram showing the procedure for aligning 
the gimbal fork and the ginbal shell. 

d.  Insert one of the two pivot assemblies 

(5 and 18, Fig. 4-21; both are identical) in the 

pivot wrench as shown in Fig. 4—28, securing it in 

place by means of the adjustable knurled ring. 

POLISH ED 
TUNGSTEN 
CARBIDE 

RCD 

ADJUSTABLE 
KNURLED RING 

PIVOT 
ASSEMBLY 

Fig. 4-28. Pictorial view showing how the pivot assembly is 
mounted in the pivot wrench. 
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e. Thread the pivot assembly through the 

hole at the end of the balance hub and into the tapped 

hole in the end of the gimbal shell shaft until it fits 

snugly in the pivot seat. . 

f .  Repeat step d for the other pivot assembly 

and thread it into the tapped hole of the power lead- 

in body in the end of the gimbal fork shaft until it 

fits snugly in the pivot seat (ref. Fig. 4-22). 

Note 
Care should be exercised not to bend the pivot 

assembly. Each pivot assembly as received for use 

in the assembly procedure has a known runout of 

less than 0.0001 inch total indicator reading. 

g. Support the floated units assembly, by 

means of the pivots, between the two jewel assem- 

blies of a special test fixture that is mounted on a 

flat, leveled surface as shown in Fig. 4-29. 

h. Mount a dial indicator-on a dial indicator 

support as shown in Fig. 4-29, making appropriate 

adjustments for fine positioning. For convenience 

in positioning, the dial indicator support has a 

magnetized base and a ball-and-socket joint. As 

DIAL INDICATOR 

SPECIAL TEST FIXTURE 

set up in Fig. 4-29, the dial indicator will indicate 

the runout at the signal-generator end of the float. 

i. If the runout (that is, the eccentricity) at 

either end of the float exceeds 0. 0002 inch total 

indicator reading, the soldering procedure for the 

power lead-in body (ref. paragraph 4-56) must be 

repeated until the runout tolerance specified is met 

at both ends of the float. 

Note 

Whenever a doubt arises about the concentricity of 

the float, the pivots should be checked by substi- 

tuting pivot assemblies known to be good before 

assuming the soldering procedure for the power 

lead—in body is at fault. 

4-59. ASSEMBLING THE POWER LEAD-1N 

CLAMP AND CHECKING THE POWER LEAD-INS 

FOR GROUNDS. After the runout has been found 

to be satisfactory, the following detail steps should 

be carried out: 

a. Remove the floated units assembly from 

the special test fixture and disassemble the gimbal 

fork from the gimbal shell. 

P 1 /SHAFT CLAMP ING SCREW 

DIAL INDICATOR SUPPORT 

FLAT, LEVELED SURFACE 

Fig. 4-29. Pictorial view showing the test setup for measuring the float runout. 
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b. Clean the gimbal shell and balance assem- 

bly combination, and place in a clean plastic bag 

until required for further use (ref. paragraph 4—61f). 

’ c. Clean the entire gimbal fork in acetone to 

remove any excess soldering flux. 

d. Insert the power lead-in clamp, with the 

three power lead-ins positioned as shown in Fig. 

4-30a, and tighten it snugly against the gimbal 

fork with the appropriate screw (1-64 NC-Z). Its 

final position should be flush with the inside surface 

of the gimbal fork and in the orientation shown in 

Fig. 4-30b. This will allow the three power lead- . 

ins to be readily connected to the motor assembly 

after it is inserted in place. 

Note 

The counterbalance slot shown in Fig. 4-30a com- 

pensates for the unbalance introduced by the off- 

oenter position of the three power lead-ins. 

e. Note the identification of the three power 

lead-ins on Fig. 4-30 by the designations A, B, 

and N.  This indicates which lead is to be sub- 

sequently connected to each of the three terminals 

on the motor stator (ref. paragraph 4-37). These 

leads are identified also by Fig. 4-31, which shows 

an end view of the gimbal fork shaft. No designa- 

tions appear on the lead-ins themselves. 

f .  Using a General Electric Resistance Meter 

(ref. Fig. 3—17), check for grounds between each 

of the three power lead-ins and the gimbal fork. 

Enter the exact readings in the Assembly Record 

Book. A measured value in excess Of 2 megohms 

in each instance is acceptable. 

g. Clean the gimbal fork and place it in a 

plastic bag until required for further use (ref. 

paragraph 4-63a). 

4-60. CHECKING AND ASSEMBLING THE 

BALANCE NUTS. The balance of the floated units 

assembly about the output axis - the axis of the 

pivots - is adjusted by four balance nuts that are 

carried by the balance studs (ref. Fig. 4-32). The 

two larger balance nuts mounted along the negative 

directions of the spin axis and the input axis are 

the so-called rough adjustment nuts, and are used 

for making rough balance adjustments prior to 

final assembly of the gyro unit. The two smaller 

nuts mounted along the positive directions of these 

axes are used for effecting a finer balance after 

WIRE-CLAMP SCREW 
(1-54 NC-2) 

POWER LEAD-IN 
SLOT WIRE CLAMP 

N 
sLor :2,’ POWER LEAD~INS 

B “ w "  A OR 63 

SLOT / N OR 61 

SPIN AXIS 
SA 

\ SILICONE RUBBER 
...-r IBERGLASS 

INSULATING SLEEVES 

COUNTER BALANCE 
SLOT 

SA a) Exploded View 

\ POWER LEAD-INS 
A OR 63 

POWER LEAD-IN 
WIRE CLAMP 

b) Assembled View 

Fig. 4-30. Exploded and assembled views showing, the procedure 
for inserting the power lead-in clamp. 

the gyro unit assembly is completed (ref. Sec- 

tion VIII). The weights of the small balance nuts 

are sufficiently small that precise balancing of the 

float assembly can be accomplished by these balance 

nuts after the gyro unit is assembled. The balance 

nuts are made of beryllium copper and have various 

lengths (see Fig. 4-32 for definition of length) as 

follows: 0.093, 0.109, 0.125, 0.140, 0.156, 0.171, 

and 0. 187 inch. Initially, a length of either 0. 109 

inch or 0.125 inch for the two small nuts and a 
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Fig. 4-31. End view of the gimbal fork shaft identifying the 
three power lead-ins of the power lead-in body. 

POSITIVE DIRECTION 
OF SPIN AXIS 

LENGTH 
OF NUT 

POSITIVE DIRECTION 
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BALANCE baO | A 
NUTS 

Fig. 4-32. Pictorial. view showing the four balance nuts 
mounted on the balance assembly. 

length of either 0.156 inch or 0. 171 inch for the 

two large nuts are logical choices. Later in the 

assembly procedure (ref. paragraph 4-73) it may 

be found necessary to replace one or more of the 

four nuts with nuts of a different length. The tapped 

stud hole in each nut is undersize, so that the slots 

cut in each nut provide a soft spring pressure against 
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the studs. Before the small balance nuts are 

threaded onto the balance studs, they should be 

statically balanced or poised, in order to avoid 

upsetting the end-for—end balance of the floated 

units assembly (ref. paragraphs 4-72 and 4-73) 

when the final rotational balance is obtained for the 

assembled gyro unit (ref. Section VIII). To ac- 

complish this, each small nut, one at a time, is 

fitted with a special poising arbor, as shown in 

Fig. 4-33. This arbor is then supported, as indi— 

cated, by the two knife edges of a leveled watch- 

balance—wheel poising tool, and the behavior of the 

nut is observed and modified as required to obtain 

static balance. 

4-61. The detailed procedure for checking and 

assembling the balance nuts is as follows: 

a. Fit the balance nut to be tested onto the 

special poising arbor, and then support the arbor 

on the leveled poising tool as shown in Fig. 4-33. 

Note 
Leveling is obtained at this stage by the spirit 
level and is only on approximation that will be 
refined by subsequent steps of the procedure. 

BALANCE NUT 
RUBY BEING TESTED 
KNIFE FOR STATIC 
EDGE BALANCE 

ADJUSTABL E 
L G 

POISING TOOL 

Fig. 4-33. Pictorial View showing how the poising tool is used 
for statically balancing the balance nuts. 

b. Touch the nut lightly with the edge of a 

camel's hair brush and observe the behavior of the 

arbor-nut combination. If the knife edges are not 

level, the combination will start rolling and pick 



up speed. Level the knife edges, by means of the 

adjustable legs, until the pickup in speed of roll is 

minimized when the arbor-nut combination is 

touched with the camel's hair brush. 

Note 
If the combination is so for off balance that the 

unbalance offsets the pitch of the knife edges and 
the combination remains in one spot, this unbalance 
will have to be reduced first (see step c) before 
leveling can be accomplished. 

c .  Once the leveling procedure is completed, 

check for the existence of any static unbalance. 

Such unbalance will be indicated by a tendency of 

the combination to come to rest repeatedly in a 

particular position, no matter in what position it is 

originally placed on the knife edges. Correct for 

any unbalance by removing material as required 

from the nut faces that are on the heavy side, that 

is, below the arbor in the position of rest. This 

can be done with a fine-pitch file, such as a No. 6 

Grobet file. As the unbalance is reduced, the 

accuracy of the leveling can be improved, using 

the procedure of step b. 

Note 
Material should never be removed from the external 

rounded surfaces of the nuts, since the balance 

adjustment forks (ref. Fig. 2-1) may then fail to 

engage the nuts when a finer balance is attempted 

upon completion of the gyro unit. 

d.  Make a final check of the balance by observing 

whether the nut remains at rest when placed at each 

of four 90—degree orientations: the two vertical 

positions and the two horizontal positions. 

e.  Repeat the procedure of steps a through ‘d 

for the other small balance nut selected. 

f .  After the two small balance nuts are checked, 

remove the gimbal shell and balance assembly com- 

bination from its plastic bag(ref. paragraph 4-59b) 

and thread the selected and tested nuts onto the 

appropriate studs. Check each balance stud and 

mating nut to insure smooth threading along the 

entire length of the stud. 

Note 
It is recommended that a small amount of Molylcote 

lubricant be applied to the balance studs and that 

the balance nuts be threaded up and down the studs 

at least twice to reduce friction. 

g. With a torque wrench (ref. Fig. 3-25), 

measure the highest turning torque of the two small 

balance nuts. The maximum allowable torque for 

each is 2-1/2 inch-ounces. Also, measure the 

least turning torque of the same two balance nuts. 

These four torque-measurement values should be 

recorded in the Assembly Record Book. No torque 

measurements are necessary for the two large 

nuts, as they are not adjustable upon completion of 

the gyro unit. 

h. When everything is satisfactory, rinse the 

gimbal shell, the balance assembly, and the balance 

nuts in acetone to remove any dirt or chips. Then 

place in a clean plastic bag until required for future 

use (ref. paragraph 4-66a). 

4-62. SELECTING THE MOTOR SPACERS. Prior 

to assembling the motor assembly between the 

prongs of the gimbal fork, two motor spacers are 

selected and sized so that the fork has to be sprung 

apart between 0. 001 inch and 0. 002 inch to permit 

assembly. This deflection of the prongs is sufficient 

to insure that substantial portions of the preload to 

be established will be retained throughout the 

operating life of the bearings. In this manner, the 

amount of unbalance torque occurring about the 

output axis - the axis of the pivots - is minimized, 

since the preload prevents the rotor assembly from 

moving along the motor shaft (ref. paragraph 4-18). 

4-63. The detailed procedure for selecting the 

motor spacers is as follows: 

a. Measure the opening between the prongs of 

the selected gimbal fork (ref. paragraph 4-59g) 

with a telescoping gage (ref. Fig. 3-26) and record 

the measurement in the Assembly Record Book. 

b. Measure with a micrometer the over-all 

assembled length of the two nominal-sized motor 

spacers checked earlier (ref. paragraph 4-39), 

the selected rotor assembly with spin-axis bearings 

and preload spacers, and the selected motor stator 

(all packaged together; ref. paragraph 4-40). Re- 

cord the measurement in the Assembly Record 

Book. 

c .  If the second measurement (that of step b) 

is at least 0. 001 inch greater than the first (that of 

step a) but less than 0.002 inch, the motor spacers 

are satisfactory. If the second measurement is 

not at least 0.001 inch greater than the first, locate 

two motor spacers that will satisfy this dimension 

requirement. If the second measurement is more 

than 0.002 inch greater than the first, obtain the 
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required difference by grinding the surfaces of the 

spacers. To do this, place each spacer in a wheel 

chuck and insert the chuck in a jeweler‘s lathe (ref. 

Fig. 3-27). With a jeweler's lathe cutting tool, 

remove the required amount of material. To check 

for squareness of the surfaces, use a micrometer 

(ref. Fig. 3-15) to obtain the thickness of the 

spacer at various places around the circumference. 

d .  For example, suppose the followingdimen- 

sions were recorded: 

Length of spacers, plus rotor assembly 
with bearings and spacers plus motor 
stator; all assembled . . . . . 0. 5983 inch 

Opening between prongs of 
gimbalfork. . . . . . . . . 0.5960 inch 

Difference . . . . . . . . . 0.0023 inch 

(with assembled 
spin-axis bearings 
and preload spacers) 

STATOR 
ASSEMBLY 

. u .  
' , e e  

LOWER 
SPACER 

, 

The difference is on the large side, so that the 

existing motor spacers can be used. However, at 

least 0. 0003 inch will have to be ground from the 

two spacers so that the spread in the gimbal fork 

will be between 0. 001 inch and 0. 002 inch. 

4-64. ASSEMBLING THE MOTOR ASSEMBLY IN 

THE GIMBAL FORK. Figure 4-34 is an exploded 

View showing the method for  assembling the motor 

assembly in the gimbal fork. The detailed proce- 

dure is as follows: 

a. Hold the motor upper spacer, rotor assem- 

bly (with bearings and preload spacers in place), 

motor stator, and motor lower spacer as an 

assembled unit and force slightly as required to 

insert this combination between the prongs of the 

gimbal fork. 

“/MOTOR SHAFT 

' A GIMBAL FORK 

~ \ 

w ‘ it \ . /  baO/ ’, l /  0 

A 
/ / d1. 

® MOTOR SHAFT NUT 

Fig. 4-34. Exploded View showing the method for assembling the motor assembly in the gimbal fork. 
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b. Align. the various components with the 

motor shaft holes in the gimbal fork, drop the 

motor shaft into place, and secure with the motor 

shaft nut. 

c .  Tighten the motor shaft nut downto 40 inch- 

ounces using a torque wrench (ref. Fig. 3-28). 

Note 
Molykote lubricant can be used under the nut to 

reduce friction. 

d. Make sure that the three power lead-ins 

clear the rotor. 

e.  In order to determine whether the motor 

shaft nut is tightened too much, spin the rotor by 

hand and count off 5 seconds. The tightness is 

satisfactory if the rotor does not stop before the 

end of this 5-second interval. 

4-65. MINIMIZING THE PENDULOSITY OF THE 

FLOATED UNITS ASSEMBLY. Figure 4-35 shows 

the test setup used to check the pendulosity of the 

FLOATED UNITS 
ASSEMBLY 

SPECIAL T EST FIXTURE 

Q, 

floated units assembly. The special test fixture is 

that used in the test setup for measuring float run- 

out (ref. Fig. 4—29). The vibrator is used to over- 

come pivot friction. If the amount of pendulosity 

is satisfactorily small, the entire assembly should 

remain stopped in any position in which it is placed. 

If pendulosity is present in a greater degree, it 

canbe readily detected by the fact that the assembly 

will rotate to a given position, so that the heavy 

side always hangs down. The unbalance can be 

minimized by adjusting the position of the motor 

assembly on the motor shaft in such a way that the 

balance nuts along the spin axis are centered on 

their studs. It should be emphasized that this 

procedure is a rough balance adjustment only. A 

finer adjustment will be made subsequently in a 

Fluorolube-filled tank (ref. paragraphs 4-72 and 

4-7 3). The important operation at this stage is to 

get the motor assembly properly positioned. If not 
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Fig. 4-35. Pictorial View showing the test setup for checking the pendulosity of the floated units assembly. 
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done now, it will be impossible to do so at the 

finer-balance-adjustment stage without unsoldering 

the gimbal fork from the gimbal shell. 

4—66. The detailed procedure for minimizing the 

pendulosity of the floated units assembly is as fol- 

lows: 

a. Remove the gimbal shell -balance assem— 

bly combination from its plastic bag (ref. para- 

graph 4-61h) and temporarily assemble the gimbal 

fork to the gimbal shell. Obtain correct alignment 

of the fork and shell by following the procedure 

given in paragraph 4-58 in connection with the float- 

runout check. 

b. Place the floated units assembly between 

the two jewel assemblies of the special test fixture 

as shown in Fig. 4-35. (The. vibrator shown in 

Fig. 4-35 should not be turned on at this stage of 

the procedure.) Unbalance will be indicated by the 

heavy side of the floated units assembly always 

coming to rest in the downward position, no matter 

in what position the assembly is initially placed. 

Any pendulosity of the floated units assembly is 

due to the unsymmetrical distribution of weight 

about the pivot, or output, axis. The gyro motor 

assembly and the balance nuts are contributing 

factors in the unsymmetrical distribution of weight. 

To obtain the objective of symmetrical weight dis- 

tribution, a shift of a large balance nut along the 

input axis and a shift of the motor assembly along 

the spin axis are employed as corrective measures 

in the following manner. 

c .  With the balance nuts along the spin axis 

centered on their studs and with the small balance 

nut along the input axis centered on its stud (ref. 

Fig. 4-32), adjust the large nut along the input axis 

to bring the total unbalance along the spin axis; this 

will be evidenced by the spin axis always coming to 

rest along the vertical. By so doing, the unbalance 

along the input axis is eliminated and the technician 

need concentrate on a single-axis unbalance only, 

rather than on a two-axis unbalance. ' 

d.  Note whether it is the positive or negative 

direction of the spin axis that is in the downward 

position (ref. Figs. 4-26, 4-31 and 4-32 for 

identification of the positive direction of the spin 

axis on an assembled floated units assembly). If 

the positive direction of this axis is downward, that 
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is, on the heavy side of the floated units assembly, 

the motor assembly will have to be shifted down, 

along the negative direction of the spin axis, with 

respect to the gimbal fork ("up" being associated 

with the positive direction of the spin axis). As 

can be seen from reference to Fig. 4-21, this will 

require reducing the thickness of the lower motor 

spacer and using a thicker upper motor spacer. If 

the negative direction of the spin axis is downward, 

the reverse holds true; that is, the motor assembly 

will have to be shifted up with respect to the gimbal 

fork, along the positive sense of the spin axis. 

This will require reducing the thickness of the 

upper motor spacer and using a thicker lower motor 

spacer. No matter how the individual spacers are 

changed, however , their combined thickness dimen- 

sion must remain the same, in order not to upset 

the bearing preload (ref. paragraphs 4-62 through 

4-64). 

e.  The direction in which the motor assembly 

must be moved having been determined by step d, 

the next task is to find the distance the motor assem- 

bly must be moved. To do this, minimize the 

existing unbalance along the spin axis by moving 

the balance nuts on the spin-axis studs upward, 

away from the base of the test fixture. Position 

both of these nuts along the spin axis in such a way 

that the floated units assembly is statically balanced, 

that is, always remains fixed in any position in 

which it is placed. If both nuts have been moved 

upward as far as they can go without obtaining a 

balance, remove the balance nut from the spin-axis 

stud that hangs downward and place it on the upper 

spin-axis stud. Then adjust the two nuts on this 

stud as required to obtain static balance. 

Note 
There are many combinations of nut positions that 

will yield static balance. Any one of these com- 

binations is satisfactory for carrying out the present 
procedure. 

f .  If the balance nuts are on their respective 

studs, that is, the large nut along the negative spin 

axis direction and the small nut along the positive 

spin axis direction (ref. Fig. 4-32), when-static 

balance is obtained, count the number of threads 

each nut will have to be moved before it is at the 

center of its stud. 
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g. From past experience, a full turn on a 

large balance nut requires moving the motor as sem- 

bly 0. 0003 inch to obtain a compensating change in 

moment. A full turn on a small balance nut, on the 

other hand, requires a shift of the motor assembly 

of only 0.0002 inch. Therefore, for the condition 

in step f ,  the motor assembly will have to be moved 

a distance equal to 0.0003 inch times the total 

number of threads counted for the large nut plus 

0. 0002 inch times the total number of threads 

counted for the small nut. 

h. If the balance nuts are both on the same 

stud, the procedure of counting threads is not 

applicable. Instead, measure the distance (in 

inches) each nut will have to travel before it is at 

the center of the stud on which it belongs (ref. 

Fig. 4—32). Then disassemble the gimbal fork 

from the gimbal shell and remove the motor assem- 

bly. Weigh the motor assembly. Weighing the 

balance nuts is not necessary; it can be satisfac— 

torily assumed for this procedure that a large 

balance nut weighs 0. 3 gram and a small balance 

nut weighs 0. 2 gram. Multiply each nut weight by 

its respective travel distance and divide this 

product by the motor assembly weight (in grams) 

to find the distance (in inches) the motor assembly 

will have to be moved to compensate for the change 

in nut position and maintain static balance. If both 

nuts have to be moved in the same direction to get 

to their center positions, then the distance the 

motor assembly will have to be moved is the sum of 

the two calculated motor-assembly shifts. If the 

two nuts are not moved in the same direction, the 

shift in motor assembly position will be the differ- 

ence of the two calculated shifts. 

i .  It is now necessary to shift the motor 

assembly with respect to the gimbal fork by the 

amount found in either step g or step h, and in the 

direction determined by step d. Remember, one 

spacer will have to be cut down, and the other 

spacer replaced by a thicker one, so that the over- 

all thickness dimension of the spacers is kept the 

same. To remove the required amount of material 

from the face of a spacer, use the procedure of 

paragraph 4-63c° Record the final thickness of 

each spacer in the Assembly Record Book. 

3'. Reassemble the floated units assembly and 

place the assembly between the two jewel assemblies 

of the special text fixture. Then turn on the vibrator 

and observe the motion of the float. If it is statically 

balanced it should rotate evenly. 

k. After satisfactory rotational balance is 

obtained, take the floated units assembly apart. 

Package the gimbal shell and associated parts in a 

clean plastic bag until further required in the assem- 

bly procedure (ref. paragraph 4-69a). Disassemble 

the motor assembly so that the rotor assembly, 

motor stator, motor spacers, shaft and nut can be 

weighed. 

1. After weighing these parts to the nearest 

milligram and recording these weights and the total 

weight in the Assembly Record Book, reassemble 

the motor assembly between the prongs of the gim- 

bal fork as before (ref. paragraph 4-64). 

4-67. CHECKING THE COAST-DOWN TIME AND 

RUNNING-IN THE BEARINGS. Gyro-rotor coast- 

down-time procedures have been developed to 

utilize coast-down time as a measure of 1) satis- 

factory bearing preload for reducing the possibility 

of mass shift without overloading the gyro rotor 

drive motor and 2) the optimum amount of this 

preload. These procedures require the specifica- 

tion of a satisfactory range of coast-down times 

after application of preload and also an optimum 

value of coast-down time. If the coast-down times 

fall within the specified range, then the preload is 

specified within limits known to be satisfactory. 

If the coast-down time is the optimum value, then 

the preload adjustment is exactly right. A satis- 

factory range of coast-down times for one type of 

201G unit, for example, has been found to be 10 to 

24 seconds. The optimum value of coast—down time 

for this particular type is 18 seconds. 

4-68. The detailed procedure for checking the 

coast-down time is as follows: 

a. Solder three temporary power leads to the 

gyro motor stator terminals A, B, and N, as 

shown in Fig. 4-36. 

b. Place the gimbal fork - motor assembly 

combination in the receptacle of a temperature- 

controlled oven, as shown in Fig. 4-37. 
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c.  Connect the three temporary power leads, 

inside the oven chamber, to a terminal strip that 

is appropriately connected to the test console shown 

in Fig. 4-37. 

Note 

It is important to connect these wires correctly, 

that is, terminal A of the motor stator to terminal A 

of the terminal strip, etc., so that clockwise rotation 

of the rotor is observed from the terminal side of 

the motor assembly. With the stator terminals at the 

bottom when the stator windings are facing the 

observer, the three motor stator terminals from left 

to right are N, B, and A (ref Fig. 4-36). There are 

no terminal identifications on the stator itself. 

However, there are on the terminal strips. 
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Fig. 4-36. Side View of the gimbal fork - motor assembly. 
combination as modified for checking coast-down time. 

d .  In order to operate the gyro motor accord- 

ing to specifications, each phase requires a 6-volt, 

400-cps, a-c supply. The phase currents should 

be equal and not exceed 0.8 ampere per phase (0. 4 

ampere per phase for high-impedance motors). 

Adjust the output of the test console to meet these 

requirements. 

e .  Run the motor for 15 minutes inside the 

oven chamber. 

t. Then shut off the power input and at the 

same time obtain the coast-down time by timing the 

interval elapsed between power shut-off and the 

stopping of the rotor. If the coast—down time is 

within the satisfactory range of operation (ref. 

paragraph 4-67), the preload is sufficient, although 

attempts should be made to attain the optimum 

value. If the coast-down time lies below the range 

specified for the particular gyro unit, the preload 

is too much. If the coast-down time lies above the 

range specified, the preload is insufficient. 

g. To obtain the required preload, in the 

event that the coast-down time lies outside the 

specified range, check that the bearing retainer is 

screwed down tightly and evenly. Then readjust 

the motor shaft nut if necessary to a 40 inch-ounce 

torque with a torque wrench (ref. Fig. 3-28). If 

the motor assembly is tightened to this limit, satis- 

factory preload on the bearings should be obtained, 

provided the bearings are functioning properly, be— 

cause the preload is a function of the difference in 

widths of the inner and outer preload spacers (ref. 

paragraph 4-18). If the coast-down time still does 

not fall within the specified range, however, dis- 

assemble the motor assembly and inspect for any 

dirt deposits. It dirt is not the source of the 

trouble, the bearings are probably at fault. This 

means replacingthe selected bearing set (ref. para- 

graph 4-21d) with an identical set. Just as heat was 

required to assemble the bearings and preload 

spacers (ref. paragraph 4-33), so will it be neces- 

sary to apply heat in order to remove them. 

Note 

It may well be impossible to obtain the optimum 

value of coast-down time. However, the final value 

of coast-down time must lie within the satisfactory 

range specified. 

h. In order to simulate actual operating con— 

ditions inside the oven chamber, adjust the gauge 

pressure and temperature to 1 pound per square 

inch of helium and 168° F ,  respectively. Allow 

the motor assembly to come up to heat, which takes 

approximately one hour. Then, with a stethoscope 

(ref. Fig. 3-32) placed against the chamber window, 

listen to the motor for the purposes of detecting 

any unusual gritty or erratic tone, which is an 

indication of motor failure. The motor should have 

a smooth, dry, metallic whine. 

1. Check the coast-down time again. If the 

coast-down time is found to be satisfactory, run 

the motor for a period of 40 hours. At the end of 

each 10-hour period, record the date, time, volts, 

amperes, and coast-down time. The reason for 

this run-in period is that previous experience has 

shown that any bearing failure is most likely to 

occur during this 40-hour run-in period. 
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Fig. 4-37. Pictorial view showing how the gimbal fork - motor assembly combination is mounted in the temperature-control led oven 
when checking coast-down time. 

j. When the run-in period is over, remove 

the gimbal fork — motor assembly combination from 

the oven and unsolder the three temporary leads. 

With the motor assembly and power lead-ins in the 

relative positions shown in Fig. 4-36, solder lead A 

to terminal A, etc. , making certain that the lead- 

ins clear the rotor satisfactorily. (Refer to Figs. 

4-30 and 4-36 to identify the terminals of the motor 

stator and the power lead—ins of the power lead-in 

body.) 

4-69. ASSEMBLING THE GIMBAL FORK, GIMBAL 

SHELL, ANDASSOCIATED PARTS. The procedure 

for assembling the floated units assembly has now 

reached the point where the gimbal shell should be 

permanently attached to the gimbal fork. This is 

done by an induction-soldering procedure similar 

' to that used for assembling the power lead-in body 

in the gimbal fork (ref. paragraph 4-56). The 

detailed steps of this procedure are as follows: 

a. Remove the balance assembly from the 

shaft of the checked-out gimbal shell (ref. para- 

graph 4-66k), as it interferes with the soldering 

procedure. 

b. Coat the inside diameter of the shell as fol- 

lows. Attach a collet to the shaft of the gimbal shell 

and place the collet in the head stock of a jeweler's 

lathe (ref. Fig. 3-27). Then heat the outside cir- 

cumference of the shell at the Open end with a sol- 

dering iron. Coat the inside diameter at this end 

with soldering flux. While another person turns 

the pulley of the lathe slowly, run solder around 

the inside diameter of the shell at the end, wiping 

off the excess solder with a towel. 

c. Mount the gimbal shell on a standard bench 

block, which has been placed in a specially con- 

structed positioning device. Use the same setup 

that is shown in Fig. 4-24, mounting the gimbal 

shell on the block, instead of the soldering fixture. 

(1. Mount the gimbal fork — motor assembly 

combination inside the gimbal shell, but do not in- 

sert all the way. Obtain correct alignment of the 

fork and shell by following the procedure given in 

paragraph 4-58 in connection with the float runout 

check. 

e. Supportasolderingmachine (ref. Fig. 3-18), 

which contains an appropriate-size induction. 

BI 



soldering coil, so that the coil fits around the 

gimbal shell (this is similar to the setup used in 

Fig. 4-24). 

f .  For fine positioning, turn the handle of the 

positioning device to raise or lower the gimbal 

shell - gimbal fork combination with respect to the 

induction soldering coil. 

g. By means of the soldering machine, heat 

the gimbal shell — gimbal fork combination suffi- 

ciently to melt the tip of a length of 50/50 solder 

when it is fed into the groove left between the exter- 

nal surfaces of the gimbal fork and gimbal shell at 

their juncture. 

Note 
For the detailed steps of the soldering procedure, 

see steps e through i of paragraph 4-84. For the 

present procedure, the dummy load should consist 

of a discarded gimbal shell and a discarded gimbal 

fork that have been'assembled together and placed 

on the positioning device. 

h. Feed the melted tip of the soldering wire 

into the groove along its entire circumference. 

Then push the gimbal fork down until it firmly mates 

with the gimbal shell. 

i. Turn off the soldering machine and allow 

the gimbal shell - gimbal fork combination to cool 

to room temperature. 

j. At this point, scrape off the excess solder 

from the outside diameter of the shell. To do this, 

add collets to the shafts of the floated units assembly 

and mount the assembly in a jeweler's lathe (ref. 

Fig. 3-27). With a dental chisel held by hand in a 

scraping position (not a cutting position), scrape off 

the excess solder while the floated units assembly 

is rotating in the lathe. Then polish the outside 

surface of the gimbal shell, thereby removing the 

c0pper plating. This can be done with lathe oil 

poured on the outside surface and a fine piece of 

emery paper wrapped around the surface while it 

is in motion. 

k. Obtain the Microsyn torque motor rotor and 

the Microsyn signal generator rotor from their re- 

spective plastic bags (ref. paragraph 4-45e) and 

locate them on the floated units assembly as indi- 

cated in Fig. 4-21. Each rotor is scribed with an 

"X", as shown in Fig. 4-21. Fasten each rotor in 

place with the "X" marking along the negative 

direction of the Spin axis and facing toward the 
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gimbal shell. At this point in the assembly pro— 

! cedure, it is unimportant which of the five available 

types of rotor clamping screws (ref. paragraph 4-73 

and Table 4-4) is used to secure the Microsyn 

rotors. From the standpoint of rotational balance, 

however, it is best that the same type be used for 

all four screws. 

1. Reassemble the balance assembly to the end 

of the gimbal shell shaft, maintaining the original 

orientation (ref. paragraphs 4-57 and 4-58). 

4—70. EVACUATING THE GIMBAL SHELL AND 

ADDING HELIUM UNDER PRESSURE. As noted in 

Section 11 (ref. paragraph 2-9), the gyro motor 

assembly of the assembled gyro unit is surrounded 

by helium inside the hermetically sealed gimbal 

shell. The required evacuation of air and addition 

of helium are accomplished by means of the vacuum- 

pump arrangement represented pictorially in 

Fig. 4-38 and schematically in Fig. 4-39. The 

detailed steps of this procedure are as follows: 

a. Secure a short piece of plastic tubing to the 

degassing tube that protrudes from the gimbal-fork 

flange (ref. Fig. 4—38). 

b. Connect a length (as required) of 1/4-inch 

inner-diameter rubber tubing from the corrugated 

outlet of the gyro unit valve (ref. Fig. 4-38) to the 

short length of plastic tubing on the degassing tube. 

c. Connect these two pieces of tubing with a 

special tubing connector. 

(1. Connect a length (as required) of 1/4—inch 

inner-diameter rubber tubing from the corrugated 

outlet of the helium pressure flask to the gas valve 

(ref. Fig. 4-38). 

e. With the pump valve closed, the vent valve 

closed, the gas valve open, and the gyro unit valve 

open, apply 1 5  pounds per square inch (as indicated 

by the combination pressure-vacuum gage) to the 

gimbal shell, using the outlet valve of the helium 

pressure flask (ref. Fig. 4-39). Give the floated 

units assembly a preliminary test for leakage by 

submerging it in hot water and observing for 

bubbles. If bubbles appear, dry the assembly, fix 

the leaks with solder and retest for leakage. 

Note 

Helium is  not soluble in hot water, but i s  in cold 

water. Thus, escaping bubbles can be more readily 
detected in hot water. 

\ 
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Fig. 4-39. Schematic view of the vacuum-pump arrangement 
used in the gimbal shell evacuation-pressuri-zation procedure. 

f. With the pump valve open, the gas valve 

closed, the vent valve closed, and the gyro unit 

valve Open (ref. Fig. 4-39), start the pump motor 

and exhaust the air from the gimbal shell until the 

combination pressure -vacuum gage gives a steady 

reading. This indicates that the best vacuum obtain- 

able has been reached. 

g. Shut the pump valve (the pump may be left 

running); then open the gas valve and the outlet 

valve of the helium pressure flask until a pressure 

of 3 pounds per square inch is obtained. 

h. Repeat stepsf and g at least two times, with 

decreasing gas pressures of 2, and then 1, pounds 

per square inch. 

Note 
The cyclical process of evacuating and filling with 

helium is performed so as to be sure there is no 

air trapped with the helium. The more times this 

operation is  performed, the less chance of any air 

being left inside the float. 

i. As soon as the combination pressure- 

vacuum gage indicates a pressure of 1 pound per 

square inch (gage), crimp the degassing tube with 
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a pair of pliers, so that the gimbal shell is com- 
pletely sealed, and close the outlet valve of the 

helium pressure flask; 

j. Seal the end of the crimped degassing tube 

with solder. 

it. After the degassing tube is sealed, apply a 

rigorous leakage test by means of a General Electric 

Company Mass Spectrometer (ref. Fig. 3—34). Fol- 

low the detailed Operating instructions for this 

equipment that are furnished by the manufacturer. 

Note 
This specialized piece of apparatus is used for 

detecting and locating eatremely small leaks in 

vacuum and pressure systems. Since detailed operat- 

ing instructions are provided by the manufacturer, 

they are not repeated here. However, for the benefit 

of those who may be interested, the pertinent prin- 

ciples of operation for the present application are 

summarized in the following paragraph. 

4-71. In the Mass Spectrometer leakage test, the 

floated units assembly is placed in an evacuated 

bell jar that is an auxiliary part of the Mass Spec- 

trometer equipment. Any leakage of helium through 

the gimbal shell into the bell jar goes into the Mass 

Spectrometer proper through a connecting tube. In 

the Mass Spectrometer, a portion of the helium 

molecules is ionized (an electron is removed from 

each of these molecules). The resulting helium 

ions are focused into a narrow beam by a magnetic 

field and are accelerated by an electrostatic field. 

The accelerated ions in the beam pass between the 

poles of a magnet that deflects the helium ions 

90 degrees, so that they pass through a collector 

slit. Ions of other gases that may have been present 

with the helium are deflected either more or less 

than 90 degrees and do not pass through this slit. 

The helium ions give up their charge to a collector 

plate, causing an electric current to flow. This 

current is amplified and fed to instrumentation 

that registers the concentration of any helium 

leaking from the gimbal shell. The greater the 

registered concentration, the greater is the size 

of the leak. The Mass Spectrometer is sensitive 

enough to detect leak rates as low as 5 X  10'1 

(that is, 0. 0000000005) cubic centimeter per sec- 

0nd. 

4 -72. OBTAINING A BALANCE IN FLUOROLUB E. 

Duringan earlier state of the assembly procedure, 

a rough rotational balance of the floated units as- 

sembly was effected in air (ref. paragraphs 4-65 
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and 4-66). It is entirely possible that this balance 

has been upset by the subsequent soldering, evacu- 

ating, and pressurizing procedures (ref. para- 

graphs 4-69 and 4-70). In addition, the assembly 

has not yet been balanced end for end. Therefore, 

at this stage the floated units assembly is given end- 

for-end and rotational balancing in the same type 

of Fluorolube as is used later to fill the gyro unit. 

The test fluid is contained in a thermally-controlled 

aluminum tank (ref. Fig. 4-40) that is mounted on 

a level surface. In the base of the tank, sym- 

metrically located with respect to its centerline, 

are two heaters. These heaters are connected to 

a 110-volt, 60—cps, a-c outlet. A thermostat 

controls the temperature. A thermometer resting 

in a drilled hole in the tank should indicate a tem- 

perature of 165°F to insure a fluid temperature of 

RUBBER TUBING 
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arrangement shown in Fig. 4-38) 
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‘ ‘ 
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160 °F. Mounted at each end of the tank at an offset 

distance from the centerline of the tank are two 

jewel assemblies, similar to the jewel assembly in 

the signal generator end housing. The purpose of 

this offset distance is to enable the floated units 

assembly to be driven by convection currents in the 

Fluorolube. End—for-end balance is attained'when 

the floated units assembly rests horizontally when 

floating submerged in the Fluorolube. Any end -for- 

end unbalance tendency can be eliminated by means 

of a selection of rotor clamping screws. Rotational 

balance is effected with the floated units assembly 

supported by its pivots in the Fluorolube. It is 

attained when the times required for quarter revolu- 

tions of the float are made as equal as possible. 

Adjusting the weight of the floated units assembly 

so that it is floating submerged in the Fluorolube 
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Fig. 4.40. Pictorial View at the Fluorolube-filled tank used for obtaining end-fat-end and rotational balancing of the floated 
units assembly. 



will cause it to be almost perfectly supported by 

buoyant forces in the assembled gyro unit. This 

will reduce the load on the pivots to a minimum. 

4-73. The detailed steps of the balancing procedure 

in Fluorolube are as follows: 

a. Plug the heater wires of the aluminum tank 

into a 110-volt a-c electrical outlet. Adjust the 

thermostat located in the base of the tank with a 

screw driver to give a tank-thermometer reading of 

165 °F. 

b. Wash the floated units assembly in Tri- 

chloroethylene to remove any dirt or other foreign 

matter. Then place the assembly in the Fluorolube - 

fflled aluminum tank, as shown in Fig. 4-40. 

c. Observe the motion of the assembly; at this 

point it should be heavy enough to sink. If the 

assembly does not sink, remove it from the tank 

with a pair of tongs, meanwhile allowing the Fluo- 

rolube to drain back into the tank. Wash the assem- 

bly in Trichloroethylene to remove any excess 

Fluorolube. 

d. Select heavier Microsyn rotor clamping 

screws (ref. Table 4-4) so that the floated units 

assembly will sink in the Fluorolube. Try to select 

screws that will make the assembly come to rest 

midway between the t0p of the Fluorolube surface 

and the bottom of the tank. 

e. When the floated units assembly has been 

made heavy enough to sink, leave it in the tank. 

f .  Since it is possible that the assembly has 

been frequently exposed to the atmosphere and 

washed in Trichloroethylene, it is necessary to 

remove the air and Trichloroethylene vapor (both 

soluble in Fluorolube) from the Fluorolube. This 

is done to obtain a homogeneous fluid, so that an 

accurate balance (end for end, and rotational) can 

be obtained. 

g. To evacuate the tank, first seal the tank top 

with a heavy glass cover. Then connect an appro— 

priate length of rubber tubing {£02 the gyro unit 

valve of the vacuum -pump arrangement used earlier 

(ref. Figs. 4-38 and 4—39) t_o the outlet connection 

near the top of the tank. 

h. Operate this arrangementby the procedure 

given in paragraph 4-70 for evacuating the gimbal 

shell. As soon as the bubbles have disappeared 

from the Fluorolube, stOp the motor, Open the vent 

valve to prevent the pump oil from being sucked up 

into the vacuum lines, and remove the glass cover. 

Note 
The glass cover could not be lifted off if atmospheric 

pressure were pushing down on the top of the cover 

while a vacuum ecisted on the underside. Opening 

the vent valve equalizer: the pressures. 

i. The next procedure is to obtain the proper 

weight for the floated units assembly and to effect 

an end-for-end balance of the assembly in Fluo- 

rolube. A pair of analytical balances (ref. 

Fig. 4—41) is used for this purpose. Place the 

Fluorolube-filled tank (ref. Fig. 4-40) inside the 

glass case containing the balances so that it is 

centered beneath the chains. Adjust the two chain 

lengths such that the hooks on the chain ends are 

midway between the top of the Fluorolube surface 

and the bottom of the tank when the scale pointers 

are at zero. 

j. When the balances are adjusted, secure the 

beams and support the floated units assembly at each 

pivot by means of the hooks on the two chains. 

Because the assembly is heavy, the chains will 

lower into the Fluorolube andthe pointers will swing 

from the zero position when the beams are released. 

k. Add weights as required to both pans so that 

the assembly rests in a horizontal position midway 

Table 4-4. Types of rotor clamping screws. 

I D (unthreaded portion) 

Type Material Dimensions (inches) NmIQT: “3:33? No. 1-64 NC-2 

+0.005 (grams) THREAD 
A B C D-0 .000  Ei0.003 

1 Aluminum 245 T4 7/16 0.165 0.125 0.080 0.022 0.155 

2 Tantalum 15/32 0.165 0.156 0.055 0.022 1.140 

3 - No. 303 Stainless Steel 15/32 0.165 0.156 0.055 0.022 0.550 

4 No. 303 Stainless Steel 0.378 0.115 0.067 0.025 0.022 0.220 

5 No. 303 Stainless Steel 0.440 0.115 0.120 0.080 0.027 0.296 
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between the top of the Fluorolube and the bottom 

of the tank. This horizontal position is obtained 

when both balance pointers are at zero. 

1. Observe the weights in the pans. The pan 

containing the larger weight indicates the heavy end 

of the floated units assembly. If the total weight in 

the pans is '75 milligrams or less, the weight of the 

floated units assembly is satisfactory. The '7 5-mil- 

ligram weight is as close to an accurate zero 

reading as the balances will allow, because the 

weight of the Fluorolube collected on the chains is 

not a constant quantity. 

m. If the total weight in the pans exceeds 

'75 milligrams when the floated units assembly is 

balanced end for end, the rotor clamping screws 

will have to be modified in one, or possibly more 

than one, of the following ways, depending on the 

amount of unbalance. 

1) By removing metal from the rotor clamping 

screws (working always at the heavy end). 

2) By changing the rotor clamping screws (ref. 

Table 4-4). 

3) By making new rotor clamping screws as 

required. 
Note 

In making these modifications, always attempt to 

reduce the weight of the heavy end of  the floated 

units assembly. This will simplify the end-for-end 

adfustment tb be made in the following step. 

11. . Once the total weightin the pans is reduced 

to '75 milligrams or less, remove weight from the 

Microsyn rotor screws at the heavy end of the 

floated units assembly until end-for-end balance is 

obtained. This will be indicated by equal weights 

in the two pans. 

0. To test for rotational balance, place the 

floated units assembly in the Fluorolube -filled tank 

so that its pivots are supported in the jewel assem- 

blies in the ends of the tank. Start the check with 

the four adjustable balance nuts at the midpoints of 

their total travel. 

p. As soon as the convection currents have 

established what seems to be a fairly constant rota- 

tion of the floated units assembly, determine with 

a stop watch the time durations required for a 

particular balance stud to rotate through each 

quadrant of a complete rotation. Adjust the rough 

balance nuts - the large balance nuts along the 

negative spin axis and negative input axis directions 

(ref. Fig. 4-32) — so that each quarter rotation 

takes the same time. Leave the small balance 

nuts, which lie along the positive directions of these 

axes, in their midpositions. This will allow the 

maximum possible fine adjustment after final 

assembly is completed. 

Note 

If balance cannot be satisfactorily achieved, a 

substitution may have to be made for one or both of 
the rough balance nuts (ref. paragraph 4-60 for the 

sizes available). 

q. After the desired balance is obtained, re- 

move the floated units assembly from the tank with 

tongs and let the Fluorolube drain back into the 

tank. Once again, wash the assembly in Trichloro- 

ethylene to remove the Fluorolube and then package 

the assembly in a clean plastic bag pending further 

use in the assembly procedure (ref. para- 

graph 4-88). 

4-74. HOUSING ASSEMBLIES AND ASSOCIATED COM- 
PONENTS. 

4-75. PROCEDURE FOR ASSEMBLING THE. 

HOUSING ASSEMBLIES AND ASSOCIATED COM- 

PONENTS. As shown in the description of the 201G 

gyro unit given in Section II, the entire housing of 

this gyro unit is of a three-piece construction that 

consists of the following: 

a. Signal generator end housing. 

b. Main housing. 

c.  Torque motor end housing sleeve. 

Associated with the signal generator end housing 

are various other parts, which when assembled 

together form the signal generator end housing as- 

sembly (ref. paragraphs 2-38 through 2-43). Sim- 

ilarly, the main housing and its associated parts 

form the main housing assembly (ref. paragraph 

2-25). The torque motor end housing sleeve (ref. 

paragraph 2—21) is a self-contained part of the 

over-all housing and has no associated parts. 

4-76. Associated with the aforementioned housing 

assemblies are the remaining "fixed" components 

of the ZOIG gyro unit, that is, those components 

that do not rotate with respect to the gyro unit 

housing as the floated unit assembly does. These 

include the following (ref. paragraph 2-14): 

a. Outer case cap. 

b. Outer case assembly. 

c. Diaphragm assembly. 
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.d. Four torque motor tie rods. 

. Torque motor end housing cap assembly. 

f .  Power lead baffle assembly. 

g. Two Microsyn filler blocks. 

h. Microsyn torque motor stator assembly. 

i. Four signal generator tie rods. 

1. Shield No. 1. 

1:. Shield No. 2. 

l.  Microsyn signal generator stator assembly. 

m. Two balance fork plugs. 

The "fixed" components together with the floated 

units assembly, whose assembly is described in 

preceding paragraphs of Section IV, comprise the 

entire 201G unit. 

4-77. Some of the "fixed" components, such as 

the outer case cap for example, come as a complete 

unit and need no assembly procedure. Other "fixed" 

components, such as the Microsyn torque motor 

stator assembly and the Microsyn signal generator 

stator assembly have their assembly procedure 

covered under the section entitled "Microsyn 

Units" (ref. paragraphs 4-41 through 4-50). The 

remainder of Section IV is given over as follows to 

those components of the 201G unit that still require 

assembly procedures: 

a. Assembling the signal generator end 

housing assembly (ref. paragraphs 4-78 through 

4-93). 

' b. Assembling the main housing assembly 

(ref. paragraphs 4-94 through 4-99). 

c .  Assemblingthe power lead baffle assembly 

(ref. paragraph 4-100). 

d.  Assembling the torque motor end housing 

cap assembly (ref. paragraph 4-101). 

4-78. ASSEMBLING THE SIGNAL GENERATOR 

END HOUSING ASSEMBLY. As described in Sec- 

tion II (ref. paragraphs 2-38 through 2-43), the 

signal generator end housing assembly comprises 

the following component parts: 

a. Signal generator end housing. 

Two balance adjustment forks. 

Signal generator end jewel assembly. 

Four fork retaining pins. 

20-pin connector. 

Two O-rings. 

Wire leads. 

Jewel holder extractor. 
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i. Two O-ring pressure washers. 

j. Two O-ring pressure screws. 

k.  Wire-mesh strainer. 

4-79. The procedure for assembling these com- 

ponent parts individually and then together to form 

the complete signal generator end housing assembly 

comprises the following steps: 

a. Preparing the 20-pin connector for assem- 

bly to the signal generator end housing (ref. para- 

graphs 4-80 and 4-81). 

b. Preparing the signal generator end housing 

for. assembly to the 20-pin connector (ref. para- 

graphs 4- 82 through 4-84). 

c .  Assembling the 20-pin connector to the 

signal generator end housing (ref. paragraphs 4- 85 

and 4- 86). 

d.  Assembling the signal generator end jewel 

assembly in the signal generator end housing (ref. 

paragraphs 4-87 through 4-89). 

e .  Assembling the two balance forks in the 

signal generator end housing assembly (ref. para- 

graphs 4-90 and 4-91). 

f .  Cleaning the assembled signal generator 

end housing assembly (ref. paragraphs 4-92 and 

4-93). 

4-80. PREPARING THE 20-PIN CONNECTOR 

FOR ASSEMBLY TO THE SIGNAL GENERATOR 

END HOUSING. The 20-piq connector - or the 

"fusite" as it is sometimes called - is received for 

assembly in the form described in paragraph 2-42. 

That is, it is comprised of a disc, 20 electrode 

pins and a key. To ready the connector for assem- 

bly to the signal generator end housing, it is neces- 

sary to solder the various power and signal leads 

to the connector pins. Only 19 leads are required 

since one of the 20 pins is used for filling the gyro 

with flotation fluid (ref. Section VII). The wire 

gauge of the power leads used in wiring the connector 

is A.W. G. No. 28 wire, and is received from the 

manufacturer on spools. 

4-81. The detailed procedure for wiring the con- 

nector is as follows: 

a. Cut 19 lengths of wire, each approximately 

5 inches long, from the wire spools. 

b. Strip about one-quarter inch of booting 

from each end of the 19 wires. 



Note side Opposite the projecting pins). The location of 
Check to see that none of the original seven strands the filling-connection pin, which is the only pin not 
that make up the No. 28 wire has been out off or , . nicked during the stripping process. to receive a wire, is shown with respect to the key 

on Fig. 4-42. 

e.  Insert each wire until about one inch of 

wire projects beyond the end of the pin. 

c.  Flux each end of the 19 wires with a 

noncorrosive soldering flux and tin them with 50/50 

solder (50 percent tin, 50 percent lead). 

d.  Feed the 19 wires through the connector f .  Then bend the protruding tinned portion of 

pins from the back side of the connector (this is the the wire so as to form an eyelet or loop. A pair of 
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Fig. 4-42. Wiring diagram identifying the terminal pins of the 20-pin connector and showing the manner in which the power and signal 
leads are threaded through the signal generator end housing. 
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tweezers is an ideal tool to use in forming the 

eyelet. See Fig. 4-43a for the shape of this eyelet 

or loop. 

g. After all the 19 loops have been formed, 

retract the wires so that only a small portion of 

each loop is visible above its pin (ref. Fig. 4-43b). 

h. Apply solder flux with a piece of peg wood 

to each of the 19 holes that contain wire leads, and 

then fill these holes with solder (ref. Fig. 4-43c). 

Note 
Be sure not to use too much solder as the pins will 

then be too large to fit into the matching female 

receptacle used with the gyro unit. 

WIRE LEAD 

WIRE LEAD 

7/11/11 
I. 

b) Retracting the wire lead 

FLUX THIS HOLE AND 
FILL WITH SOLDER 

WIRE LEAD 

V I I I / I I I  

c) Fluxing and soldering 

Fig. 4-43. Pictoriol views showing the procedure for soldering 
the power and signal leads to the ZO-pin connector. 

i. For the time being, screw a small set 

screw (No. 0-80 NF-2 x 1/4 inch, brass, fillister 

head, machine screw) tightly into the filling- 

connection pin to plug it up. This screw will be 

removed later (ref. Section VII) for the purpose of 

filling the gyro with flotation fluid, after which it 

will be replaced and soldered to the connection pin. 

1'. As the final step in preparing the ZO-pin 

connector for assembly, put insulating booting over 

all the 19 leads except the two sensing-coil leads. 

Note 
This insulating booting is in addition to the booting 
already on the wire as it comes off the spool. 

4-82. PREPARING THE SIGNAL GENERATOR 

END HOUSING FOR ASSEMBLY TO THE 20-PIN 

CONNECTOR. Prior to assembling the 20-pin 

connector and the signal generator end housing 

together, a wire screen is soldered to the end 

housing at the connector end. This is to prevent 

any excess solder, or any other foreign matter, 

from entering the gyro unit during the filling pro- 

cedure (ref. Section VII). The wire screen is a 

270-mesh (the number of openings per linear inch), 

copper-gauze, filter screen. The screen is 1-1/2 

inches in diameter, with a center hole about 1/2 

inch in diameter so that the screen can be slipped 

over the boss on the end of the signal generator 

end housing. There are two crescent—shaped cut- 

outs, ninety degrees apart, around the outer cir- 

cumference of the screen. These cutouts should 

be aligned respectively withthe positive directions 

of the spin reference axis and the input axis, as 

these two directions are defined for the signal 

generator end housing by Fig. 4-42. Note that 

there are four groups of wire-lead holes near the 

outer circumference of the signal generator end 

housing: 3 groups of 5 holes each and one group 

with only 3 holes. As indicated, the two sensing- 

coil leads pass through the same hole. The 3-hole 

group lies between the positive directions of the 

spin reference axis and the input axis. In addition, 

on the outer circumference of the signal generator 

end housing, in line with the directions specified 

for the spin reference axis and the input axis are 

the balance fork holes for the spin-reference-axis 

balance fork and the input-axis balance fork, respec- 

tively. Before soldering the wire screen to the end 

housing, it should be tinned for 1/16 inch on all 

edges. While this tinning can be done witha solder- 

ing iron, the actual soldering procedure (that is, 

securing the screen to the housing) must be done 

withan induction soldering machine since a solder- 

ing iron does not provide enough heat. 



. 4-83. The detailed procedure for timing the wire 

screen is as follows: 

a. Place the screen on aclean sheet of white 

paper. 

_ b. With a piece of peg wood, spread a non- 

corrosive soldering flux .around the edges (both 

inner and outer), and then apply 50/50 solder with 

a soldering iron. 

c.  Turn the screen over with a pair of long- 

nose pliers and repeat the procedure of steps a 

and b. ' 

‘ 4-84. The detailed procedure for soldering the 

wire screen to the signal generator end housing is 

as follows: " . 

a. Screw the signal generator end housing 

into a discarded gyro outer case and mount the 

combination in a specially constructed positioning 

device, as shown in Fig. 4-44. 

h. Place the positioning device beneath a 

soldering machine (ref. Fig. 3-18), in which an 

apprOpriate-size induction soldering coil is used, 

so that the coil fits around the signal generator end 

housing as shown in Fig. 4-44. 

SOLDERING ' 
MACHINE 

SIGNAL GENERATCR 
END HOUSING 

FILTER ’ 

SCREEN fi "  I 

INDUCTION 
OLDERING COIL 

POSITIONING DEVICE 

‘ Fig. 4-44. Pictorial View showing the procedure for soldering 
the filter screen to the signal generator end housing. 
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c. Turn. thé handle of the positioning device 
to raise or lower the signal generator end housing 

so that the coil wraps around the top of housing. 

d. Mount the wire screen over the boss of the 

signal generator end housing so that the cutouts 

line up with the positive directions of the spin ref- 

erence and input axes as specified in paragraph 4-82. 

e . -  Obtain permission to use the soldering 

machine, and then insert the pronged plug on the 

cord from the foot pedal into the female outlet on 

the lower left-hand side of the machine and turn the 

ON-OFF switch to the ON position. 

Note 
Because the 'high frequencies generated by the in- 

duction soldering machine could easily interfere 

with any gyro testing procedure, permission must be 

obtained from the head of the gyro testing group 

before operating this machine . 

f .  0n the wall by the soldering machine are 

.two water-control knobs for controlling the flow of 

water in and out of the machine. Turn both of 

these knobs completely counterclockwise. This 
will prevent the induction coil from overheating 

and burning out. ' 

g. In the center of the induction soldering 

machine is an ammeter whose indication is con- 

trolled by a circular knob located on the lower 

right-hand side of the machine. By turning this 

knob and using a dummy equivalent load, obtain the 

maximum reading on the ammeter. The dummy 

equivalent load should consist of a discarded gyro 

outer case and discarded signal generator base 

threaded together and placed in the positioning 

device as for the actual soldering operation. The 

reason for such a dummy equivalent load is that 

the machine might possibly be tuned to generate a 

heat that would be damaging to the actual case and 
signal generator base if they were initially used 

in the soldering operation. 

h. To introduce heat through the induction 

coil - and hence to the signal generator end housing - 
depress the foot pedal on the floor. 

1. At the same time, press down on the edges 

of the wire screen with a heat—resistant rod to 

insure a uniform solder flow, which is necessary 

for a good joint. 

j. When the soldering operation is complete, 

shut the machine off by 1) releasing the foot pedal, 
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2) turning the circular current-control knob com- 

pletely counterclockwise, 3) turning both of the 

water control knobs completely clockwise, 4)turn- 

ing the ON-OFF switch to the OFF position, and 

5) removing the plug from the outlet on the lower 

left-hand side of the machine. 

4-85. ASSEMBLING THE 20—PIN CONNECTOR 

TO THE SIGNAL GENERATOR END HOUSING 

ASSEMBLY. In this assembly procedure, the 19 
wire leads soldered to the 20-pin connector are 

threaded through the signal generator end housing. 

Then, with the connector aligned with the end 

housing, these two parts are induction soldered 

together. To provide a means for obtaining correct 

alignment, the manufacturer of the connector has 

been instructed to stamp a‘pock mark on the disc 

in the position shown on Fig. 4-42. This pock 'mark 

should be aligned with the positive direction of the 

spin reference axis. Refer to paragraph 4-82 for 

the specification of this direction with respect to 

the signal generator e'nd housing. 

4-86. The detailed procedure for assembling the 

connector to the end housing is as follows: 

. a. Thread the wire leads of the connector, 

together with the extra insulating bushing for all 

except the two sensing-coil leads, through the 

holes of the signal generator end housing assembly 

in accordance with the wiring diagram of Fig. 4-42. 

Note 

Make sure that the small pock mark on the connector 
is in alignment with the spin reference axis. 

b. It is not an easy job to thread the two 

sensing coil leads - even though they have no extra 

booting — through the single hole designed for them 

(ref. Fig. 4-42); hence, patience and skill must be 
exercised. - 

c. Place the 20-pin connector in place on the 

end housing, with the pock mark lined up with the 
positive direction of the spin reference axis. 

d. Screw the signal generator end housing in' 

a discarded gyro case and mount the combination 

in the positioning device as before (ref. para- 

graph 4— 84a). 

e. Place a ring of 50/50 solder around the 

outer circumference of the connector in the space 

left between it and the end housing. ‘ 

f .  Solder the connector to the end housing by 

use of the same procedure used to solder the filter, 

screen to the end housing (ref. paragraph 4-84, 

steps b through j). The same induction soldering 

coil is used here as in the earlier procedure. 

Note 
The joint obtained will be stronger if some of the 
molten solder is allowed to flow underneath the 

connector. In order to accomplish this, raise and 
lower the connector afew times during the soldering 

procedure by pushing it up and down with a heat- 
resistant rod. 

4-87. ASSEMBLING THE SIGNAL GENERATOR 

END JEWEL ASSEMBLY IN THE SIGNAL 

GENERATOR END HOUSING. Figu‘re 4—45 is a 
cross-sectional view showing the signal generator 

end jewel assembly inserted in the jewel holder 

extractor and the signal generator end housing. 

The jewel assembly consists of an aluminum jewel 

holder inside of which is a tungsten carbide ball 

~ and a sapphire jewel bearing. As received for 

assembly from the manufacturer, the ball is pressed 

into the holder, with the holder spun over the, jewel 
bearing. The inside and outside diameters of the 

jewel bearing are concentric within 0.0005 inch 

total indicator reading. All jewel surfaces are 

smooth and the jewel, itself, is free from'flaws. 
The jewel inside diameter is a polished surface. 

The 0. 0939-inch and 0. 0599-inch diameters of the 

jewel holder are concentric within 0.0002 inch 

total indicator reading. It is obviously important 

to protect this precision-manufactured assembly 

against the entry of dirt or foreign matter. Hence, 

the jewel assembly should be carefully checked 

and then packaged in an individual dust proof con- 

tainer until ready for assembly in the signal 

generator end housing. 

4-88. The following detail checks should be made ' 

on the jewel a‘ssembly prior to assembling it in 

the signal generator end housing: 

a. Check that there are no dirt deposits on 

the sapphire jewel bearing. 

b. Check that there is no sloppiness, that is, 

looseness, of the sapphire jewel bearing with re- 

spect to the jewel holder. 

c . Remove the assembled floated units assem- 

bly from its plastic container (ref. paragraph 4-73q) 

and check the positioning of the pivot inside the 

jewel bearing. The cOne of the pivot holder must 
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not rub against the inside diameter of the jewel 

bearing. Replace the jewel assembly if required. 

Return the floated units assembly to its container 

until further required in the assembly procedure 

(ref. paragraph 4-101d). 

d. Clean the inside of the jewel assembly with 

ether, injecting the ether inside the jewel by means 

of a hypodermic needle (ref. Fig. 3-37). Any other 

solvent will leave a film deposit on the jewel bearing, 

which is undesirable. 

Note 
Do not use ether near flame or sparks, as it is highly 

flammable. 
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Fig. 4-45. Cross-sectional View showing the signal generator 
end jewel assembly inserted in the jewel holder extractor and 

the signal generator end housing. 

4-89. The detailed procedure for  assembling the 

jewel holder in the signal generator end housing is 

as follows: 

a. Screw the jewel holder extractor into the 

signal generator end housing so that it bottoms. 

b. Push-fit the jewel holder into the signal 

generator base through the jewel holder extractor. 

Make sure that the jewel holder also bottoms. 
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Note 
The jewel holder is a loose fit in the  extractor, but" 

it is a push fit in the signal generator base. Thus, 

the extractor is not used as a clamping device for 

the jewel holder, but rather as a means for removing 

the jewel holder in the  event of a mishap to the 

jewel hearing. It is not necessary that the extractor 

be flush with the jewel holder at their exposed 

surfaces. 

4-90. ASSEMBLING THE TWO BALANCE FORKS 

IN THE SIGNAL GENERATOR END HOUSING. The 

purpose of the balance forks is to translate the 

fine balance nuts in and out alongthe positive direc- 

tions of the spin reference axis and the input axis, 

so as to adjust the rotational balance of the floated 

units assembly after the gyro unit is completely 

assembled. Since this procedure occurs during 

the testing of the assembled unit, it is no concern 

of the assembler. Figure 4-46 is an end view of 

the signal generator end housing in which a portion 

of the housing has been broken away to reveal the 

manner whereby balance forks are secured in posi- 

tion. As shown, each fork is held in place by two 

pins that are push-fitted into holes drilled in the 

signal generator end housing. The top of each fork 

stem is chamfered so that an O-ring can be more 

readily slipped over it. A stainless-steel pressure 

washer fits over the O-ring. The O-ring and 

pressure washer are prevented from working 

loose by the 5/16 — 40 N.S. - 3 pressure screw 

that is inserted in each balance-fork opening. 

After the gyro unit has been tested and approved, 

the holes are capped with the balance fork plugs, 

which are cemented to the signal generator end 

housing with an adhesive. 

4-91. The detailed procedure for assembling each 

balance fork in the signal generator end housing is 

as follows: 

a. Make sure that the hole through which the 

fork stem protrudes is clean. 

b. Examine the 5/16 - 40 thread for the 

presence of any dirt. Dirt can be removed by 

running a 5/16 - 4O tap through the hole, after 

which any metal chips can be removed easily with 

a vacuum hose. 

c. Insert the balance fork, stem first, from 

the inside of the end housing, and secure it in place 

by push-fitting two fork retaining pins into their 
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Note: The tapped holes are for the signal generator tie rods. 

Fig. 4-46. Cutaway View oi the signal generator end housing showing how the balance forks are secured in position. 

holes. If any interference is encountered when the 

two fork retaining pins are inserted, remove the 

pins and investigate the obstruction, as the balance 

forks should turn freely. 

d. Slip the O—ring and the O-ring pres- 

sure washer over the top of the balance fork stem, 

after coating the stem with a silicone lubricant to 

ease this procedure. 

e.  Insert the 5/16 — 40 O-ring pressure 

screw and apply pressure to the O-ring by in— 

serting a 1/ 8-inch Allen wrench in the hexagonal- 

shaped opening in the screw and turning as required. 

4-92. CLEANING THE ASSEMBLED SIGNAL 

GENERATOR END HOUSING ASSEMBLY. When 

the balance forks have been placed in position, the 

signal generator end housing assembly is complete 
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and ready for further use except for removing any 

dirt or other foreign substances that may have 

accumulated during the assembly procedure. An 

industrial washing machine (ref. Fig. 4-47) has 

been found to be a most satisfactory device for 

cleaning this gyro component. Four distinct clean— 

ing operations are performed: 1) washing in a 

special cleaning fluid, 2) rinsing in a special 

rinsing solution, 3) another rinsing in an acetone 

POSITIONING 
HANDLE 

CLAMPING 
DEVICE 

ACETONE 
(Final rinse) 

REMOVABLE CAP 

GLASS 
CHAMBER fl 

RHEOSTAT 
CONTROL OF MOTOR 

(Arrow indicates 
motor 0N) 

CLEANER 
(No-foam, waterless) 

solution, and 4) drying. Each succeeding solution 

is compatible with the previous solution, that is, 

leaves no fluid film on the washed part. 

4-93. The detailed procedure for cleaning the 

signal generator end housing (or any other part) 

in the industrial washing machine is as follows: 

a. Make sure that the fluid levels are sufficient 

to cover the part, and that the fluids are clean. 
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Fig. 4-47. Pictorial view of the industrial washing machine. 
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b. Place the part in the wire-mesh basket of 

the machine and clamp the basket to the cover 

attached to the rotatable arm. 

c .  Rotate the arm and lower the arm so that 

the part is completely covered with the cleaning 

fluid. 

d.  Start the machine and allow it to run a few 

minutes before reversing the direction of rotation 

of the basket. 

e .  Stop the machine before transferring the 

basket to the rinsing solution. 

f .  Repeat step d .  

g. Stop the machine before transferring the 

basket to the acetone solution. 

h.  Repeat step d.  

i .  Stop the machine and transfer the basket to 

the drying chamber. 

j. Start the blower and leave it on until the 

part is completely dry. 

k.  Turn off the blower when the part is dry. 

1. Remove the part and package it in a plastic 

bag unless part is to be used shortly. 

Note 
The operation of the washing machine depends on 

the whirling action of the fluids through the wire- 

mesh basket, which is rotated in each fluid in suc- 

cession. It is good practice to reverse the direction 

of the rotation of the basket to obtain the best 

results. However, do not at any time rotate the 

basket at a high speed, as the foam that is created 
does not clean too well. 

Acetone is a solvent that is extremely flammable, 

and should therefore be kept away from heat, sparks 
and open flame. When stored, it should be kept in a 

sealed container. Avoid any prolonged or repeated 
contact with the skin. 

4-94. ASSEMBLING THE MAIN HOUSING 

ASSEMBLY. As described in Section II (ref. para- 

graph 2-25), the main housing assembly is com- 

prised of the main housing and a sensing coil as- 

sembly that fits inside it. In the assembled gyro 

unit, the main housing assembly surrounds the 

gimbal shell so that there is a small annular clear- 

ance between the inside diameter of the sensing 

coil and the outside diameter of the gimbal shell. 

In a typical 201G gyro unit, this clearance, or 

damping gap, is 0. 010 inch. 

4-95. The procedure for assembling the main 

housing assembly involves the following steps: 

a. Checking the main housing (ref. para- 

graph 4—96). 

b. Winding the sensing coil assembly (ref. 

paragraphs 4-97 and 4-98). 

c .  Assembling the sensing coil in the main 

housing (ref. paragraph 4-99). 

4-96. CHECKING THE MAIN HOUSING. The main 

housing consists of a piece of machined aluminum 

with a stop pin projecting from the inner side of 

the closed end, as shown in Fig. 4-48. As received 

for assembly, this stop pin is already inserted in 

place. No further assembly is required. It is 

good practice, however, to clean the housing by 

means of the washing procedure given in para- 

graph 4-93. 

SIGNAL GENERATOR 
TIE ROD HOLES 

Fig. 4-48. Cutaway View of the main housing showing the stop 
pin. 

4-97. WINDING THE SENSING COIL ASSEMBLY. 

The sensing coil assembly consists of an aluminum 

sensing-coil form, which has a hard coat finish on 

the outside, and a length of sensing-coil wire that 

is wrapped in a single layer around the outer cir- 

cumference of the coil form. As received from the 

manufacturer, the wire used for the sensing coil 

is wound on a spool. The resistance of the wire is 

11. 83 ohms per foot. Figure 4-49 shows the 

apparatus used for winding a sensing coil. The 

left-hand spool is the original spool; the right-hand 
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spool contains approximately 27 turns or 13. 5 feet 

of sensing coil wire that was unwrapped from the 

original spool onto the blank right—hand spool. 

Two spools are used so that the wire can be wound 

around the coil form noninductively and in a single 

layer. 

BLANK SPOOL 
(onto which 13.5 feet 
of sensing-coil wire 

i s  wrapped) 
ORIGINAL SPOOL 
(as recelved from 
wire manufacturer) 

MASKING 
TAPE 

SENSING COIL 
‘ FORM 

, o «‘e— 

, ). . s, 
/SUPPORT . 7* 1»; " 

FIXTURE I “ 

/ \ K 

’ ROTATE CLOCKWISE 
SUPPORT (as VlOWCd from left) 

Rm \ 

Fig. 4-49. Pictorial View showing the procedure used to wind 
the sensing coil assembly. 

4-98. The detailed procedure for winding the 

sensing coil assembly is as follows: 

a. Mount the original spool and the blank 

spool on a support rod. 

b. Place the support rod in the V-cutouts of 

a simply constructed fixture such as shown in 

Fig. 4-49. 

c .  With a piece of masking tape, tape the end 

of the wire from the original spool to the extreme 

right-hand side of the blank spool. 

d .  Rotate the blank spool counterclockwise 

(as viewed from the left in Fig. 4-49) in order to 

unwrap the wire from the original spool and wrap 

the wire around the blank spool. 

e .  Stop rotating the spool when approximately 

13. 5 feet, or 27 turns are wrapped around the 

blank spool. 

f .  While holding the sensing-coil form so that 

the flange with a slot cut through it is on your right, 

press a 0.0150-inch diameter steel pin through 

the left-hand flange of the sensing-coil form. 

g. Holding the coil in one hand, grasp the 

midpoint of the sensing—coil wire with the other 

and 100p it over the pin. 
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h. Press the pin across the channel in the coil 

form to prevent the wire from working loose. _ 

1. Wrap the sensing-coil wire around the coil 

form by rotatingthe coil form clockwise (as viewed 

from the left in Fig. 4-49). 

Note 

Be careful to keep the wire taut. Also, do not twist 

the wire nor wind over a previously wound coil when 

wrapping it around the form. 

j. As a suggestion to facilitate the wrapping, 

turn the coil form with one hand and guide the 

oncoming wires with the other hand, that is, with 

the thumb on top of the coil and the index and fore- 

finger inside the coil form (ref. Fig. 4-49). 

_ Note 

The last full coil should run in the channel at the 

right-hand end of the coil form. 

k. Temporarily fasten the loose ends of the 

wire to the other wrapped wires with a small piece 

of masking tape. In addition, fasten all the wire 

together with a strip of masking tape running the 

length of sensing-coil form. 

1. Make one of the loose wires approximately 

1/2 inch longer than the other when the wires are 

cut from the spools. 

m. Strip about 1/4 of an inch of the insulation 

off each end of the coil wires and connectsthe two 

exposed wires to aWheatstone bridge (ref. Fig. 3-40) 

in order to measure the resistance of the sensing 

coil. The resistance of the coil should be between 

300 and 310 ohms at room temperature. 

Note 
The final resistance i s  more important than the 

number of turns or length of wire. 

n. Next, cut two lengths ’of Tensolite No. 

30001-A1 No. 30 gauge Teflon-covered lead wire. 

Strip off about 1/4 inch of booting from both ends 

of each lead wire. xfWVHD ' 

0. Form each lead wire to a smaller radius 

than the sensing-coil form. This may be done by 

holding the lead wire between the thumb and fore- 

finger of one hand and drawing the thumb and 

forefinger of the other hand over the wire with a 

downward motion. Repeat this Operation until the 

desired radius is  obtained. 

Note 

The lead wires must lie flat in the channel after the 

solder ioint between the sensing coil wires and the 

lead wires has been made. 
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p. Remove the small piece of masking tape 

that is holding the ends of the coil in place, so as 

to leave enough freedom to solder on the Tensolite 

leads. 

q. Wrap the coil wires around the lead wires 

a few times and then solder them together. Then 

slip Teflon booting over the soldered joint. 

r. Bring the lead wires out midway between 

the sides of the slot cut in the right-hand flange. 

5. Fasten the lead wires to the coil form with 

a drop of C-8  liquid resin. Allow the resin to 

harden. Make sure that the top surface of the lead 

wires is not higher than the sensing-coil wires. 

Note 

Liquid 0-8 resin consists of 4 parts by weight of 

Bakelite 00. clear 0-8 resin, Spec. 6020A, that 

has been well mixed with 1 part of 0-8 hardener, 

Spec. .6022. 

t. Pour a small amount of liquid C-8 resin in 

the channel on the right-hand side of the sensing- 

coil form. 

u. Rotate the form to allow the resin to flow 

around the circumference of the channel. Allow 

the resin to harden. 

v.  Remove the long piece of masking tape. 

w. Bond the winding to the coil form with 

liquid C-8  resin, using a two-part mold (ref. Fig. 

3-41) as follows. 

x. Coat the inside walls of the mold with a 

thin film of Dow Corning 7 Compound - Silicone 

release agent. 

y. Mix thoroughly 4 parts by weight of Bake- 

lite Co. clear C-8 resin, Spec. 6020A, with 1 part 

of C-8 hardener, Spec. 6022. 

2. piece the coil form in the mold and fill the 
mold cavity with the mixture. Heat for 3 hours at 

160° F and then air cool. 

aa. Separate the two parts of the mold, remove 

the bonded coil, and pull out the pin that was in- 

serted in step f .  

ab. Inspect the bond. Make sure that the top 

surface of the lead wire does not protrude above 

the bonding surface. 

4-99. ASSEMBLING THE SENSING COIL IN THE 

MAIN HOUSING. The detailed steps of this as- 

sembly procedure are as follows: 

a. Send to a machinist the bonded sensing 

coil, a main housing, the dimension of the damping 

gap desired (ref. paragraph 4-94), and the outside 

diameter of the floated units assembly to be used. 

b. Instruct the machinist to 1) turn down the 

outside diameter of the sensing coil, 2) push-fit it 

inside the main housing, and 3) bore the inside 

diameter of the sensing coil between 0. 0003 inch 

and 0. 0004 inch undersize. 

c.  When the parts are received back from the 

machinist, check the inside diameter of the sensing 

coil with an air gauge (ref. Fig. 3-5) and hone it 

(ref. Fig. 3-7) down to the. diameter that will yield 

the required damping gap. Refer to paragraphs 4-22 

through 4-31 for a description of the honing opera- 

tion. 
Note 

By this honing operation, it  is possible to hold the 

required damping gap to  a precision of 0.0001 inch. 

d. Package the main housing assembly thus 

obtained in a clean plastic bag until further required 

in the assembly procedure (ref. paragraph 5-9c). 

4-100. ASSEMBLING THE POWER LEAD BAFFLE 

ASSEMBLY. The power lead baffle assembly (ref. 

paragraph 2-20) consists of a circular baffle plate 

machined from a piece of plastic resin material 

and three brass power-lead terminals, to which 

the ends of the three flex leads are subsequently 

attached in the assembly procedure (ref. para- 

graph 5-24). These terminals are assembled to 

the baffle plate as follows (ref. Fig. 4-50): 

a. Temporarily fasten each terminal to the 

baffle plate by two 1/32-inch-diameter pins. 

b. Permanently bond the terminals to the 

baffle plate by fillingthe circumferential slots with 

liquid C-8  resin. 

c .  Allow this liquid to solidify for 30 minutes. 

d. Then place the baffle plate, with the ter- 

minals in place, inside an oven (set at 150°F) for 

a period of 3 hours. 

e .  After this period, remove the 1/32-inch- 

diameter pins that temporarily held the terminals 

in place. 

4-101. ASSEMBLING THE TORQUE MOTOR END 

HOUSING CAP ASSEMBLY. As noted in Section II 

(ref. paragraph 2-19), the torque motor end housing 

cap assembly consists of an end housing cap, a 

jewel assembly, a power lead baffle cam, a Tru- 

arc retaining ring, a jewel ball retainer, a tungsten- 

carbide ball 1 millimeter in diameter, and three 
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fillister-head machine screws. The detailed 

procedure for assembling the parts is as follows: 

3.. Check the jewel bearing inside the jewel 

holder for looseness, flaws or the presence of dirt. 

b. Remove any dirt or foreign matter by in- 

jecting ether inside the hearing by using a hypo- 

dermic needle (ref. paragraph 4-88d). 

c. Lightly push the jewel holder into the end 

cap. 

TEMPORARY PINS 
(two per terminal) 

BAFFLE PLATE 

POW ER-L EAD 
TERMINAL 

(one of three) 

FILL THESE SLOTS 
WITH 08 RESIN 

(leaving terminal tips free) 

Fig. 4-50. Pictorial View of the power lead battle assembly 
showing how the terminals are secured to the baffle plate. 

d. Check the positioning of the appropriate 

pivot of the floated units assembly inside the jewel 

bearing (ref. paragraph 4-88c). Replace the 

jewel assembly if required. Return the floated 

units assembly to its container until further re- 

quired in the assembly procedure (ref. paragraph 

5-9a). 

e. To hold the eccentric power lead baffle 

cam in place on the end housing cap, insert the 

Tru-arc retaining ring, using appropriate Tru-arc 

pliers provided for  this purpose. Make sure that 

the cam turns easily. 

f ._ Temporarily assemble the tungsten-carbide 

ball and the jewel ball retainer to the torque motor 

end housing cap, using 3 fillister-head machine 

screws. 

Note 
This is a temporary assembly because the deter- 
mination of end shake, that is, the distance the 

floated units assembly is allowed to move between 
bearing seats, is a later step in the over-all assem- 
bly of the gyro unit. r see Section V) and involves 
modification of the  jewel ball retainer. 

g. Package the assembled torque motor end 

housing cap assembly in a plastic bag, pending 

further use in the assembly procedure (ref. para- 

graph 5-17j). 
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SECTION V 

OVER-ALL ASSEMBLY 

5-1. INTRODUCTION. 

5-2. A complete 201G gyro unit is comprised of 

various component assemblies and parts, such as 

the floated units assembly, the housing assemblies, 

the Microsyn stator assemblies, etc. The assem- 

bly of these individual components is described in 

Section IV. The present section — Section V - 

describes” how these components are combined to 

form an assembled gyro unit. 

5-3. The assembly procedure starts off by placing 

the signal generator end housing assembly on a 

special assembly test stand (ref. Fig. 3-42). From 

this first step, the gyro unit is built up step-by-step 

until the torque motor end housing cap assembly 

is secured in position. At this stage, the Microsyn 

centering procedure - covered in Section VI - takes 

place. Completion of the gyro unit assembly is 

covered in Section VII, which describes 1)the filling 
of the gyro unit with its flotation fluid and 2) the 

final electrical check. 

5-4. The build-up of the gyro unit to the extent 

covered in this section is represented pictorially 

in Fig. 5-1. The associated assembly description 

falls under six sideheads: 

a. Mounting the signal generator end housing 

assembly on the special assembly test stand (ref. 

paragraphs 5-5 through 5-7).  

b. Assembling the main housing assembly 

and the floated units assembly onto the signal 

generator end housing assembly (ref. paragraphs 

5-8 and 5-9). 

c .  Assembling the torque motor end housing 

sleeve and associated components onto the main 

housing assembly (ref. paragraphs 5-10 and 5-11). 

d.  Adjusting the end shake (ref. paragraphs 

5-12 through 5-21). 

e. Adding the power lead baffle assembly and 

the associated flex leads (ref. paragraphs 5—22 

through 5-24). 

f .  Securing the torque motor end housing cap 

assembly (ref. paragraphs 5-25 through 5-27). 

5-5. MOUNTING THE SIGNAL GENERATOR END HOUSING 
ASSEMBLY ON THE SPECIAL ASSEMBLY TEST STAND. 

5-6. Figure 5-2 is a pictorial view of the assembly 

stand used for assemblingthe ZOIG gyro unit. Inthe 

center is a 20-hole receptacle that accepts the 20- 

pin connector of the signal generator end housing 

assembly. Around the circumference of the stand 

are 20 test jacks that are connected to the 20-pin 

receptacle by wiring inside the stand. The resist- 

ances of both Microsyn units and the gyro motor 

(ref. Tables 4-2 and 4-3) can be checkedat various 

stages of the assembly by inserting the probes of a 

Simpson multimeter (ref. Fig. 3-10) into the appro- 

priate test jacks. Each test jack is identified on the 

assembly stand and is also called out on Fig. 5-2. 

5-7. By virtue of the key-type plug on the 20-pin 

connector, there is only one way to insert the sig- 

nal generator end housing assembly in the assembly 

stand. Figure 5-3 shows the signal generator end 

housing assembly mounted on the assembly stand, 

with the stand so oriented that the positive direction 

of the spin reference ads is toward the reader. 

The positive direction of the input axis is toward 

the right of the reader. Each lead is identified in 

the illustration as a further aid to the gyro assem- 

bler. Before proceeding with the next step of the 

over-all assembly, it is advisable to make the fol- 

lowing checks: 

a. Check for any dirt or foreign matter inside 

the housing and in the jewel assembly. 

b. Check for any dirt or foreign matter on 

the threads that engage the mating threads of the 

outer case. 

0. Check to see that no bare wires are in 

evidence as the leads come out of the signal gen- 

erator end housing. If bare wires are in evidence, 

unsolder the 20-pin connector and replace the 

defective wire. 



MAIN HOUSING ASSEMBLY AND 
FLOATED UNITS ASSEMBLY MOUNTED 
ON SIGNAL GENERATOR END HOUSING 
ASSEMBLY 

SEQJENCE OF GYRO-UNIT BUILDUP 

SIGNAL GENERATOR END HOUSING 
ASSEMBLY MOUNTED ON SPECIAL 
ASSEMBLY TEST STAND 

TORQUE MOTOR END HOUSING SLEEVE 
AND ASSOCIATED COMPONENTS 
MOUNTED ON MAIN HOUSING ASSEMBLY 

POWER LEAD BAFFLE ASSEMBLY, 
TOGETHER WITH ASSOCIATED FLEX 
LEADS, ADDED TO TORQUE MOTOR 
END HOUSING SLEEVE 

§ >  

TORQUE MOTOR END HOUSING CAP 
ASSEMBLY SECURED TO TORQUE 
MOTOR END HOUSING SLEEVE 

Fig. S-I. Buildup of the ZOIG gyro unit by the over-all assembly procedure covered in Section V. 

5-8. ASSEMBLING THE MAIN HOUSING ASSEMBLY AND 
THE FLOATED UNITS ASSEMBLY ONTO THE SIGNAL GEN- 
ERATOR END HOUSING ASSEMBLY. 

5-9. Figure 5-4 shows the main housing assembly 

and the floated units assembly assembled on top of 

the signal generator end housing assembly. The 

signal generator stator leads have been connected 

to their mating leads from the 20-pin connector, 

as have the sensing—coil leads also. The detailed 
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procedure for carrying out this assembly is as 

follows: 

3.. Remove the assembled floated units assem- 

bly from its plastic bag (ref. paragraph 4-101d). 

b. Carefully remove the balance assembly 

from the float shaft by unscrewing the three 

No. 000-120 flat-head machine screws, and return 

it and the 3 screws to the plastic bag. 

_ 
, 

..
 

_ 



Note 
B e  careful not to  damage either of  the two pivots 

in the shaf t s  of the floated units assembly .  If a 

pivot i s  damaged, replace it with a pivot that will 

yield a runout l e s s  than 0.0002 inch total indicator 

reading at i t s  end of the gimbal shell (ref. para- 

graphs 4-57 and 4-58).  

c .  Remove the assembled main housing assem- 

bly from its plastic bag ( re f .  paragraph 4-99d),  and 

make the 2 sensing-coil leads project radially from 

the main housing, clear of the end of the housing 

that will engage the signal generator end housing. 

T l  CT T3CT 

SENSING-COIL 
TES T JACKS 

SlCT 
PlQA 

Fig. 5-2. Pictorial View of the assembly stand used for 
assembling the ZOIG gyro unit. 

d .  Locate the stOp pin inside the main housing. 

The stop pin i s  along the positive direction of the 

spin reference axis. Since the end of the stop pin 

i s  visible from the outside of the main housing, it 

serves as a convenient means Of locating the posi- 

tive direction Of the spin reference axis af ter  the 

pin inside is  no longer visible. 1 

e .  Locate the stop-pin hole in the float. This 

hole i s  along the positive direction of the spin axis. 

Note 
As noted in paragraph 2-8 of Section II, the spin 

axis of the gyro rotor and the sp in  reference acts 

of the gyro unit are i n  alignment when the floated 

units a s sembly  i s  in  i t s  zero-rotation position. 

i .  Careful ly  lower the float inside the main 

housing, making sure that the stop pin engages the 

stOp-pin hole. Check the engagement by taming 

the floated units assembly. 

g .  Slip shield NO. 1 over the float shaft at the 

signal generator end. It i s  unimportant which side 

of this shield faces the main housing. 

aGNAL 
GENERATOR 

END 
HOUSING 

I ASSEMBLY 
p15] 7 T2 T3CT 

G2 TICT 52  .1 
T3 GI CT 

'G3 
TIOA 

7‘ SENSING 
. } COIL 

LEADS 

PIQA 

ASSEMBLY 
STAND GROUND 

Note: For identification of the other test jacks, see Fig.  5 - 2  . 

Fig. 5-3.  Pictorial View showing the signal generator end 
housing assembly mounted on the assembly stand. 

Soldering sleeves are used, as  
shown, to ioin mating leads to 
main housing assembly md sig- 
nal generator stator assembly. 

2 T3CT 
G . Haggai?” GI T2 G3 SIGNAL 

(cutaway to permit T l  GETflERégl’DOR 
showing sgots in I 

rear ” .417 K-  T lQA MAIN 
73 RV l HOUSING T4 "fi'Ll baO a ASSEMBLY . t ,  

Geflggfilfoa “EITCTI SENSING-COIL LEADS 
END p2 m i  PIOA 

HOUSING -“.“I 
ASSEMBLY ' V ‘  

\ 
ASSEMBLY 

STAND GROUND 

Note: For identification of the other test  jacks, see Fig.  5 - 2 .  

Fig. 5-4. Pictorial view showing the main housing assembly 
and the floated units assembly assembled on top of the signal 

generator and housing assembly. 
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h. Slip shield No. 2 over the float shaft - feet 

last — and push it up against shield No. 1. Turn 

shield No. 2 slightly so that the feet on the shield 

fit under the lips projecting from the main housing. 

i.  Remove the assembled Microsyn signal 

generator stator assembly from its plastic bag 

(ref. paragraph 4-50d). 

j. Locate the positive direction of the spin 

reference axis on the Microsyn signal generator 

stator assembly with the aid of Fig. 4-20, which 

shows the relationship of the spin reference axis 

to the split quadrature pin. 

it. - Slip the stator assembly — feet first — 

over the float shaft, alongside shield No. 2.  Make 

sure that the positive spin reference axis direc- 

tions of both the stator assembly and the main‘ 

housing assembly are in alignment. 

1. Place the Microsyn signal generator leads — 

radially outward — in the cutouts of the projecting 

lips of the main housing, making sure the leads do 

not cross one another (ref. Fig. 5-5). 

snA SENSING-COIL 
‘l’ LEADS 

FLOATED I f ‘ :  
UNITS ' ’ MAIN ASSEMBLY HOUSING 

' ASSEMBLY 

MICROSYN 
SIGNAL 

GENERATOR 52 
STATOR 

ASSEMBLY 

Fig. 5-5.  Pictorial view showing the location of the Microsyn 

signal generator leads in the cutouts of the lips that project - 

from the main housing assembly. 

m. Slip a Microsyn filler block — smooth 

surface first - over the'float shaft, alongside the 

Microsyn stator assembly. Turn the filler block 

so that the drilled holes in the block fit over the 

nuts and screws that secure the Microsyn stator 

mount to the Microsyn stator core (ref. Fig. 4-18). 

n. Remove the balance assembly and the 

3 attaching screws from the plastic bag (ref. step b 

of this procedure), and locate the positive direc- 
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tion of the spin axis on it. This direction is found 

by locating the only tapped hole that is exactly in 

line with a balance stud. The balance stud opposite 

this tapped hole is along the positive direction of 

the spin axis (ref. Fig. 4-21). The positive direc- 

tion of the spin axis with respect to the gimbal 

shell shaft is shown on Fig. 4—26. 

0. Replace the balance assembly on the float 

shaft with the positive directions of the spin axis 

in alignment, and secure with the three No. 000-120 

flat—head machine screws. When this is done, the 

combination of the floated units assembly and the 

main housing assembly is ready for assembly onto 

the signal generator end housing assembly. 

p. Locate the positive direction of the spin 

reference axis on the signal generator end housing 

with the aid of Fig. 4-46. This should check also 

with the positive direction for this axis noted on 

Fig. 5-3. 

q. Spread radially outward the leads coming 

from the signal generator end housing, as the lips 

projecting from the main housing must fit inside 

the signal generator end housing. Make sure these 

leads do not cross one another. In addition, turn 

the two balance forks in the signal generator end 

housing so that the balance nuts along the positive 

spin-axis and input-axis directions will go between 

the prongs. 

r .  While holding the main housing assembly 

in one hand, with the balance assembly at the top, 

invert the signal generator end housing assembly 

and lower it gently onto the main housing assembly. 

Align the positive directions of the spin reference 

axes of the two assemblies, and be careful not to 

damage the pivot. Firmly press the two housings 

together by using the thumb and index finger of 

both hands as a vise. 

s .  Insert the 4 signal generator tie rods 

through the clearance holes in the main housing 

and thread them into the tapped holes in the signal 

generator end housing. 

Note 

“may be necessary to turn» the main housing as- 

sembly slightly in order to make the holes in the 

two housings line up. 

t. Locate the 7 Microsyn torque motor leads 

and the 3 gyro motor leads coming out of the signal 

generator end housing (ref. Figs. 5-3  and 2-18). 

I 
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Place these 10 leads in the proper channels of the 

main housing (ref. Fig. 5-4). Note that the 3 motor 

leads (GI, 62 and G3) rest in the constant—width 

channels. 

u. Locate the 7 Microsyn signal generator 

leads and the 2 sensing-coil leads coming out of 

the signal generator housing. These are the leads 

that are in the U-shaped cutouts in the signal gen- 

erator end housing. 

v. Locate the mating leads from the Microsyn 

signal generator stator assembly and the sensing 

coil. Slip a short brass soldering sleeve over 

each mating pair of leads associated with the Micro- 

syn signal generator stator assembly and the sensing 

coil as indicated on the insert of Fig. 5-4. Fig- 

ures 5-3 and 5-5 are helpful in finding the mating 

leads. Let the solder flow in from the open end of 

the sleeve. 

Note 
Before soldering the mating leads, cut them back 
as required to avoid any excess length when step a 

following is carried out. 

w. Before proceedingfurther, checkthe signal 

generator resistances (ref. Table 4-3), using the 

test jacks of the assembly stand and a Simpson 

multimeter (ref. Fig. 3-10). 

x. Insert the soldered ends of the mating leads 

into the 4 wire clamps (made of insulating material) 

used to secure these leads to the main housing. 

Then secure the wire clamps in the cutouts in the 

main housing with one No. 00-96 NF-Z, 3/16-inch 

long, flat fillister-head machine screw for each 

clamp. Note that 3 of the wire clamps have 2 holes 

each, while the fourth has 3 holes. The latter 

clamp is used in the slot that contains the 2 sensing- 

coil leads and the signal generator quadrature 

adjust lead (PlQA). 

5-10. ASSEMBLING THE TORQUE MOTOR END HOUSING 
SLEEVE AND ASSOCIATED COMPONENTS ONTO THE MAIN 
HOUSING ASSEMBLY. 

5-11. Figure 5-6 shows the torque motor end 

houSing sleeve, the Microsyn torque motor stator 

assembly, and the Microsyn filler block assembled - 

on top of the main housing assembly. The torque 

motor stator leads have been connected to their 

mating leads from the 20-pin connector. The 

m :  Soldering sleeves are used, as 
shown, to ioin mating Ieodsto 
Microsyn torque motor stator 
assembly. 

MICROS YN 
FILLER 
BLOCK FLOATED 

MICROSYN __ UNITS 
TORQUE 5.9.53. ASSEMBLY 
MOTOR “ .4?» 
STATOR «- ~> 5:. TORQUE MOTOR 

ASSEMBLY . | ”P, END HOUSING 
IQ SLEEVE 

r J 

SENSING-COIL 

MAIN HOUSING 
ASSEMBLY 

SIGNAL 
GENERATOR 

END 
HOUSING 

ASSEMBLY 

ASSEMBLY 
STAND GROUND 

Note: For identification of the other test iaclts, see Fig. 5 -2 . 

Fig. 5-6. Pictorial view showing the torque motor end housing 
sleeve with its associated components assembled onto the main 

housing assembly. 

detailed procedure for carrying out this assembly 

is as follows: 

a. Remove the assembled Microsyn torque 

motor stator assembly from its plastic bag (ref. 

paragraph 4-50d). 

b. Locate the positive direction of the spin 

reference axis on the Microsyn torque motor stator 

assembly with the aid of Fig. 4-19, which shows 

the relationship of the spin reference axis to the 

split quadrature pin. 

c .  Slip the stator - feet downward - over 

the float shaft and onto the main housing such that 

the positive spin reference axis directions of both 

the Microsyn torque motor stator assembly and 

main housing assembly are in alignment. 

d. Using Figs. 4-19 and 5-4 as guides, locate 

the Microsyn torque motor leads that mate with 

the torque motor leads coming from the signal 

generator end housing assembly. 

e. Cut each of the 7 torque motor leads coming 

from the signal generator end housing assembly at 

a point slightly above the midpoint of the main 

housing. 
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f .  Cut each of the 7 leads from the Microsyn 

torque motor stator assembly so that there is just 

sufficient overlap of mating leads to make a good 

solder joint. Then place a short length of addi- 

tional booting over each of these 7 leads. 

g. Strip about 1/4 inch of booting from the 

ends of the torque motor stator leads and their 

mates from the signal generator end housing assem- 

bly. 

h. Tin both ends of the wires. Slip a long 

brass sleeve over one wire; then insert the other 

wire in the sleeve as indicated on the insert of 

Fig. 5-6. Apply heat to the sleeve with the solder- 

ing ironto effect the bond. Then, slip the short 

lengths of added booting over the sleeve. 

i .  Make sure the 7 leads rest flush in their 

channels, with no parts of these leads extending 

beyond the surface of the main housing. To ac- 

complish this, it may be necessary to push the 

leads from the torque generator stator assembly 

back slightly. 

j. Check the torque motor resistances (ref. 

Table 4-3), using the test jacks of the assembly 

stand and a Simpson multimeter (ref. Fig. 3-10). 

k. Place a Microsyn filler block — smooth 

surface downward — onto the torque motor stator 

assembly. The drilled holes in the block must fit 

over the nuts and screws that clamp the stator 

mount to the stator core. 

1. Place the torque motor end housing sleeve 

onto the main housing assembly, fitting it over the 

projecting ends of the 4 signal generator tie rods 

(ref. Fig. 5-4). 

Note 
The l torque mot-or tie rods are not used to secure 

the end housing s leeve in position on the main 

housing until completion ofthe end-shake adjustment 
described in the following paragraphs. Make sure 
that the torque motor end housing sleeve bottoms; 

otherwise, end-shake measurements are meaningless. 

5-12. ADJUSTING THE END SHAKE. 

5-13. The next task for the assembler is to adjust 

the amount of end shake in the gyro unit. As 

shown by Fig. 5-7,  end shake is the distance in an 

assembled gyro unit mounted on an assembly stand 

that exists between the t0p of the upper pivot of the 

floated units assembly and the bottom of the 

tungsten-carbide jewel ball associated with the 

upper jewel assembly. This definition assumes. 

that the jewel ball is flush against the jewel ball 

retainer. The specified end shake for the ZOIG 

gyro unit is 0. 005 inch. This small amount gives 

sufficient axial play of the floated units assembly 

to allow for thermal expansion changes and to pro— 

tect the pivots against shock, once the Fluorolube 

flotation fluid has been added (ref. Section VII). 

Note 

In general, regardless of gyro unit orientation,- end 

shake is the distance the floated units assembly is 

allowed to. move between pi'vot seats. Of course, 

when the gyro unit is  in an upright position and is 

not ye t filled with Fluorolube, the power pivot will 

rest on top of the tungsten-carbide jewel ball in the 

lower jewel assembly. Hence, the distance between 

the top of the upper pivot and the bottom of the 

jewel ball in the upper jewel assembly is the end 

shake. 

JEWEL BALL _ 
RETAINER __L END 

f SHAKE 

JEWEL BALL PIVOT 

UPPER JEWEL ASSEMBLY 

PIVOT ASS EMBLY 

TORQUE MOTOR END 
HOUSING CAP ASSEMBLY 

N 
\ POWER / 

LEAD-IN ’ J /  POWER LEAD 
BODY BAFFLE ASSEMBLY 

TORQUE MOTOR END 
HOUSING SLEEVE 

Fig. 5-7. Cross-section View showing the end shake in on 
assembled gyro unit mounted on an assembly stand. 

5-14. The procedure used for determining the 

end shake involves finding the distance from the top. 

of the torque motor end housing sleeve to the top of 

the upper pivot and then finding the distance from 

the top of the torque motor end housing sleeve to 

the bottom of ball in the upper jewel assembly. The 

difference between these two distances is the actual 

end shake present in the gyro unit. As an aid in 

visualizingthis situation, remember that in a com- 

pleted gyro unit the top of the upper pivot and the 

bottom of the ball are both below the top of the 

torque motor end housing sleeve (ref. Fig. 5-7). 



5-15. The procedure used to acquire the specified 

end shake of 0. 005 inch involves two steps: 

a. Machining an amount equal to the actual end 

shake off the top of the torque motor end housing 

sleeve, thus leaving the unit with zero end shake. 

b. Machining 0.005 inch off the shaft protruding 

from the ball retainer in order to obtain the speci- 

fied end shake. 

5-16. DETAILED PROCEDURE FOR DETER- 

MINING THE ACTUAL END SHAKE. An adapter 

ring, a surface plate, and a special-type micro- 

meter gauge, which has an ordinary micrometer 

scale, constitute the special equipment used during 

the procedure for determining the actual amount of 

end shake. Figure 5-8 shows the gauge mounted 
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SURFACE PLATE, MICROMETER PIVOT 

Fig. 5-8. Crass-section view showing the special equipment 
used for determining the actual amount of and shake in a gyro 

unit. 

on the adapter ring, which in turn rests on the sur- 

face plate. The gauge does not measure depth 

directly because it uses the spindle of an ordinary 

micrometer. As the micrometer pivot mounted on 

the spindle is lowered, the micrometer scale 

readings become smaller. Three readings are 

taken with this special equipment. The first read- 

ing, during which the adapter ring is placed on the 

surface plate (ref. Fig. 5-8), establishes the 

height of the bottom of the adapter ring above the 

micrometer zero. The second reading, during 

which the adapter ring is placed on the torque 

motor end housing sleeve (ref. Fig. 5-9) when 

”a": MICROMETER 
~ / /  SCALE 

. 3  
MICROMETER 
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ADAPTER 
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UPPER PIVOT MICROMETER 
PIVOT 
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TORQUE MOTOR 
END HOUSING 

SLEEVE 

Fig. 5-9. Cross-section View showing the special end-shake 
equipment mounted on the torque motor end housing sleeve. 

this sleeve is mounted as shown in Fig. 5-6, estab- 

lishes the height of the top of the upper pivot above 

the micrometer zero. The difference between 

these two readings gives the distance that the top of 

the upper pivot lies below the top of the torque 

motor end housing sleeve. The third reading, 

during which the adapter ring is placed on the 

inverted torque motor end housing cap (ref. Fig. 

5-10), establishes the height of the top of the ball 

above the micrometer zero. The difference between 

the first and third readings gives the distance the 

top of the ball lies above the part of the end housing 

cap on which the adapter rests. This is equal to 

' 81. 



the distance that the bottom of the ball would lie 

below the top of the torque motor end housing sleeve 

in the gyro unit when mounted on the assembly 

stand. To obtain the actual end shake, subtract 

'3???“ 
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Note: This portion of the illustration has been enlarged for clarity. 

Fig. 5-10. Cross-sectiOn view showing the special end-shake 
equipment mounted on the torque motor end housing cap. 

the number representing the distance from the top 

of the tOrque motor end housing sleeve to the top of 

the upper pivot from the number representing the 

distance from the top of the torque motor end 

housing sleeve to the bottom of the ball. 

5-17. The following is the step-by-step procedure 

used for determining the actual end shake: 

a. Place the adapter ring on the surface plate 

(ref. Fig. 5-8). 

b. Set the micrometer gauge on the top of 

the adapter ring. 

c.  Advance the micrometer pivot until it 

touches the surface plate. 

d. Read the micrometer and record the num- 

ber. Call this number D(ref)' 

e .  Place the adapter ring on top of the torque 

motor end housing sleeve (ref. Fig. 5-9). 

f .  Set the micrometer gauge on top of the 

adapter ring. 

g. Advance the micrometer pivot until it 

touches the upper pivot of the gyro unit. 

h. Read the micrometer and record the num- 

ber. Call this number D1. 

Note 
The number DI should always be less than the 

number Dfref)‘ 

i .  Subtract the number D1 from the number 

D(ref) and record the difference. Call this number 

D2. D2 is the distance from the top of the torque 

motor end housing sleeve to the top of the upper 

pivot. 

j. Remove the assembled torque motor end 

housing cap from its plastic bag (ref. paragraph 

4-101g). Then place the adapter ring on the 

inverted torque motor end housing cap as shown in 

Fig. 5-10. 

It. Set the micrometer gauge on top of the 

adapter ring. 

1. Advance the micrometer pivot until it 

touches the top of the jewel ball. 

m. Read the micrometer and record the 

number. Call this number D3. 

Note 
The number 03 should always be greater than the 

number Dfref)‘ 

n. Subtract the number D ref from the 

number D3 and record the difference. Call this 

difference D 4. D 4 is. the distance from the top of 

the torque motor end housing sleeve to the bottom 

of the ball in the gyro unit when mounted on the 

assembly stand. 

Note 
The number 09; should always be greater than the 

number xfWVHDD 4. 

o. Subtract the number D4 from the number 

D2. Record the difference. This number is the 

actual end shake, that is, the clearance that would 

exist between the top of the upper pivot and the 

bottom of the jewel ball in the gyro unit when 

mounted on the assembly stand. 



5-18. The following illustrative tabulation shows 

typical readings and the calculations necessary to 

find the actual end shake. 

Height of bottom of adapter ring D(ref) 0.2535 in. 
above micrometer zero 

Height of top of upper pivot D1 0.2335 in. 
above micrometer zero , 

Distance from top of torque D2 0.0200 in. 
motor end housing sleeve to  top 
of upper pivot (D2 baO= Due” - D 1 )  

Height of top of ball above D3 0.2680 in. 
micrometer zero 

Disrance from top of torque motor 
end housing sleeve to bottom of 
ball in gyro unit mounted on as- (D4 = D3 — D(ref)) 
sembly test stand 

D4 0.0145 in. 

Clearance between top of pivot D5 0.0055 in. 
and bottom of ball in gyro unit 
mounted on assembly test stand (D5 = D2 - D4) 

5-19. DETAILED PROCEDURE FOR OBTAINING 

THE SPECIFIED END SHAKE. The actual end 

shake for the preceding illustrative example is 

0. 0055 inch, which is 0. 0005 inch greater than the 

specified end shake of 0.005 inch. This means 

the ball must be moved 0.0005 inch closer to the 

upper pivot. To do this, it is necessary to first 

machine 0. 0055 inch off the top of the torque 

motor end housing sleeve, thus giving the gyro unit 

zero end shake. The number D1 will now be 0.2390 

inch, which is an increase of 0.0055 inch. The 

distance from the top of the torque motor end 

housing sleeve to the top of the upper pivot 

(D2 = D(ref) - D1) is now 0.0145 inch, which is 

identical with the distance in the gyro unit mounted 

on the assembly stand from the t0p of the torque 

motor end housing sleeve to the bottom of the ball 

(D4 = D3 — D(ref))' Since D2 = D4, the end shake 

(D5 = D2 - D4) is zero. 

55-20. To acquire the necessary 0.005 inch end 

shake, it is now necessary to machine 0. 005 inch 

off the protruding shaft of the jewel ball retainer. 

The new numbers obtained after 0.0055 inch and 

0.005 inch are respectively machined off the torque 

motor end housing sleeve and the jewel ball re- 

tainer shaft are given in the following tabulation. 

Height of bottom of adapter ring D(ref) 0.2535 in. 

above micrometer zero 

Height of top of upper pivot D1 0.2390 in. 

above micrometer zero 

Distance from top of torque motor D2 0.0145 in. 

end housing sleeve to top of 
upper pivot (D2 = D(ref) - D1) 

Height of top of ball above D3 0.2630 in. 
micrometer zero 

Distance from top of torque motor D4 0.0095 in. 

end housing sleeve to bottom of 
ball in gyro unit mounted on as- (D4 = D3 - D(ref)) 

sembly test stand 

Clearance between top of pivot D5 0.0050 in. 
and bottom of ball in gyro unit 
mounted on the assembly stand (D5 xfWVHD= D2 — D4) 

5-21. For the purpose of illustration, suppose 

0.0056 inch were machined off the torque motor 

end housing sleeve through error, instead of the 

desired 0.0055 inch. Also, assume that no ma- 

terial has yet been machined from the jewel ball 

retainer. Under this circumstance, the tabulation 

would be as follows: 

Height of bottom of adapter ring D010 0.2535 in. 
above micrometer zero 

Height of top of upper pivot D1 0.2391 in. 
above micrometer zero 

Distance from top of torque motor D2 0.0144 in. 
end housing sleeve to top of 
upper pivot  (D2  = D(ref) - D 1 )  

Height of top of ball above D3 0.2680 in. 
micrometer zero 

Distance from top of torque motor D4 0.0145 in. 
end housing sleeve to bottom of 
ball in gyro unit mounted on as- (D4 = D3 ~ D(ref)) 
sembly test stand 

Clearance between top of pivot D5 _ -0.0001 in. 
and bottom of ball in gyro unit 
mounted on assembly test stand (D5 = D2 - D4) 

The negative number indicates that too much 

material has been machined from the torque motor 

end housing sleeve. To offset this error, 0.0051 

inch would have to be machined off the ball retainer 

shaft. 
Note 

Once the proper end shake has been obtained by 

machining, the torque motor end housing sleeve 

should be replaced onto the main housing assembly, 

fitting it over the proiecting ends of  the 4 signal 

generator tie rods (ref. Fig. 5-4). It should then be 

secured in position by inserting the b torque motor 

tie rods through the clearance holes in the torque 

motor end housing sleeve and threading them. into 

the tapped holes in the main housing. In addition, 

the modified torque motor end housing cap assembly 

should be reassembled and repackaged in its plastic 

bag, pending further use in the assembly procedure 

(ref. paragraph 5-27a). 

5-22. ADDING THE POWER LEAD BAFFLE ASSEMBLY 
AND THE ASSOCIATED FLEX LEADS. 

5-23. Figure 5-11 shows the power. lead baffle 

assembly, together with the three gyro motor flex 



leads, assembled to the arrangement shown in 

Fig. 5-6 and described in preceding paragraphs. 

When properly assembled, the flex leads will rest 

midway between the sides of the curved channels 

milled in the baffle plate. In addition, they will 

rest midway between the t0p of the baffle plate and 

POWER LEAD-IN BODY 

HOUSING 
ASSEMBLY Q . 

0F FLOATED UNITS 
PSEXEDR ’____ ASSEMBLY 

BAFFLE 9.?! ’p 
ASSEMBLY (ewe-r , TORQUE 

\‘ r - " /  MOTOR 

. baO | - /  END 
‘ 9  HOUSING 

GESIGNAL SLEEVE . 

NERATOR , MAIN 

END \ HOUSING 
ASSEMBLY 

ASSEMBLY 
STAND GROUND 

Note: For identification of the other test iacks, see Fig. 5-2. 

Fig. 5-". Pictorial view showing the power lead baffle 

assembly, together with three gyro motor flex leads, added 
to the torque motor end housing sleeve. 

the bottom of the channels. The three flex leads, 

which carry power to the gyro motor, have a com- 

position of 85 percent silver and .15 percent copper. 

Each is a flat ribbon wire, 0.001 inch by 0.009 inch 

in cross section, and has an electrical resistance 

of 10. 44 ohms per foot. 

5-24. The detailed procedure for adding the 

power lead baffle assembly and the associated flex 

leads is as follows: 

a. Remove the assembled power lead baffle 

assembly from its plastic bag (ref. paragraph 

4—100). 

b. Cut 3 strips — each about 3 inches long - 

from the spool of flat ribbon wire used for flex 

leads. 

c .  Form the 3 flat-ribbon leads into circular 

arcs by using an approximately 1/4-inch-diameter 

cylindrical rod as a forming tool. To form a lead, 

place it crosswise on top of the forming tool, under- 

neath the thumb of the hand holding the tool. With 

a downward motion of the other hand, slowly draw 

the length of the lead over the forming tool. It may 

be necessary to repeat this procedure a few times 

in order to obtain the desired radius of curvature. 

d.  After forming, anneal the flex leads on the 

annealing fixture (ref. Fig. 3-44) for 8 hours at 

220° F.  

e .  ‘Solder the annealed leads in the slots of 

the brass terminals on the baffle plate. 

f .  Slip the power lead baffle assembly over 

the float shaft, with the hole for the eccentric 

cam along the positive direction of the spin refer- 

ence axis (ref. Fig. 5—12). 

HOLE FOR 
ECC ENTRIC 

CAM 

‘ SRA 

Fig. 5-12. Top View of the power lead baffle assembly, 
identifying the end connections of the three gyro motor 

flex leads. 

g. Insert each of the 3 gyro motor leads from 

the 20-pin connector in the hole of the associated 

brass terminal on the baffle plate and then solder 

the leads in place. 

h. Solder the loose ends of the flex leads to 

the outboard sides of the three p0wer lead rods 

projecting from the power lead baffle assembly. 

Before soldering, position each flex lead with 

respect to its power lead rod so that, when the 

soldering procedure is completed, the flex leads 

do not touch the baffle plate (ref. paragraph 5-23). 

Match each flex lead to the appropriate power lead 

rod with the aid of Fig. 5-12. 
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5-25. SECURING THE TORQUE MOTOR END HOUSING CAP 
ASSEMBLY. 

5-26. Figure 5-13 shows the torque motor end 

housing cap assembly secured in position on top of 

the arrangement shown in Fig. 5-11. Extreme 

care must be exercised in placing the end housing 

cap assembly in position to be certain that the top 

pivot will not be damaged. Refer to the note in 

paragraph 5-9b for the action required when a 

pivot becomes damaged. 

TORQUE MOTOR 
END HOUSING 

TORQUE MOTOR CAP ASSEMBLY 
END HOUSING SLEEVE 

. _ . /  
SIGNAL GENERATOR 1 Mfi'g'sggéflm 

END HOUSING ASSEMBLY 

ASSEMBLY ‘ "m '7 A ‘ ”i ” 
STAND 

GROUND 

Note: For identification of the other test jacks, see Fig. 5 -2  . 

Fig. 5-13. Pictorial View showing the torque motor end 
housing cop assembly secured to the torque motor end 

housing sleeve. 

5-27. The detailed procedure for securing .the 

torque motor end housing cap assembly is as 

follows: 

a.  Remove the assembled torque motor end 

housing cap assembly from its plastic bag (ref. 

paragraph 5-21). 

b. With the end housing cap assembly oriented 

so that the baffle cam is along the positive direction 

of the spin reference axis, carefully fitthis assem- 

bly over the top pivot onto the torque motor end 

housing sleeve. 

c. Fasten the baffle plate to the end cap by 

means of 3 No. 0-80 N.F.  -2, 1/8 inch long, flat 

fillister-head machine screws. 

d.  Secure the end housing cap assembly to 

the torque motor end housing sleeve by means of 

4 No. 1-72 N . F . - 2 ,  1/4 inch long, flat-head 

screws. 

Note 
A special removing tool (ref. Fig. 3-45) is used to 
lift the end housing cap assembly off the torque 

motor end housing sleeve should this became neceso 

sary. The tool is similar to a pair of long-nosed 

pliers except that the iaws of the pliers open up 

when the handles are squeezed together. To lift the 
end housing cap assembly, insert the jaws in turn 
in the 3 U-shaped cutouts of the torque motor end 
housing sleeve and squeeze the handles together. 
Do not lift the end cap off with the pliers applied in 

only one cutout, but rather move from one cutout 

to the nest in order to lift the cap off gently, so that 

the upper pivot will not be damaged. ' 
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SECTION VI 

MICROSYN CENTERING 

6-1 . GENERAL. 

6-2. For optimum performance of the assembled 

ZOIG gyro unit, the Microsyn signal generator and 

the Microsyn torque motor must be exactly centered. 

The Microsyn units are centered after the gyro unit 

has been assembled to the point described in Sec- 

tion V - that is, before it has been filled with 

liquid and before the outer case assembly has been 

attached. Centering a Microsyn unit means adjust- 

ing the stator and rotor of the unit both rotationally 

and radially with respect to one another as required 

to obtain optimum input-output relationships. 

Centering a Microsyn signal generator a) centers 

the rotor angular displacement input -voltage sig- 

nal output relationship (ref. Fig. 6-1) so that the 

null voltage signal occurs at the zero-rotor-dis- 

placement angle of the gyro unit, b) minimizes the 

null voltage, with a resultant increase in accuracy 

at extremely small values of rotor displacement, 

and c)  reduces the reaction torque and the uncer- 

tainty torque acting on the floated units assembly. 

Centering a Microsyn torque motor reduces the 

reaction torque, which provides better linearity 

between current input signals and the torque output, 

and also reduces the uncertainty acting on the 

floated units assembly. 

6-3. In the centering procedure, both the signal 

generator and the torque motor are treated as 

signal generators. Microsyn centering consists 

of three main divisions: ( l )  rotational centering, 

(2) radial centering along the short axis of the 

rotor, and (3) radial centering along the long axis 

of the rotor. The Microsyn unit is centered rota- 

tionally when its null voltage occurs with the rotor 

midway between the mechanical stop positions (this 

is the zero-angular-displacement position of the 

rotor). This rotational centering is obtained when 

the voltage output signals at the two rotor-stop 

positions are equal. The Microsyn unit is centered 

radially when, with zero rotor angle displacement, 

the stator is adjusted along both the short axis 

92 

STOP PIN 
HOLE 

5 TOP \6finoves with 
0 PIN rotor) 

ROTOR ROTOR ROTOR 
SHAFT SHAFT SHAFT 

ROTOR ANGULAR DISPLACEMENT AS VIEWED LOOKING 
ALONG THE POSITIVE DIRECTION OF THE OUTPUT AXIS 

(Ref. Fig. 2-1) 

i I 

APPROX. 1.9V :L‘Z. .0 

I (+5.79 

’5 --I  .5 

T: 
3. 

NEGATIVE 2’ POSITIVE 

123%“ .40 air 
P?5;T7I%N 2 POSITION 
- , E 

I- 

3 
0 

NULL VOLTAGE SIGNAL 
(approx I .5  millivoltl) 

l 
| 

I 
l 
l 
| 

I 
l 

T I I I l I l l l r l l  
- 7 - 6 - 5 - 4 — 3 — 2 - I 0  I 2 3 4 5 6 7 

ROTOR ANGULAR DISPLACEMENT (degrees) 

Fig. 6-1. Signal generator performance plot; voltage output 
signal as a function of rotor angular displacement. 

(x-axis, Fig. 6-2) and the long axis (y-axis, Fig. 

6-2) of the rotor so that the flux distribution is the 

same in all four poles. Therefore, the induced 

voltages in the individual coils of the secondary 

winding will be equal. 

6-4. SIGNAL GENERATOR ROTATIONAL CEN- 

TERING. Rotational centering for either Microsyn 

unit is accomplished by exciting the Microsyn pri- 

mary winding and measuring the output voltage 

from the secondary winding. 



Note 
The two windings of the torque motor do not actually 

Operate like the primary and secondary of a trans- 

former, as do the two windings of the signal genera- 

tor .  Howeoer,  since the winding arrangement of the 

torque motor i s  basically that of the signal generator, 

the winding between terminals T1 and T2 of the 

torque motor i s  referred to ,  for convenience, as  the 

primary winding. Similarly, the winding between 

terminals T3 and T4 of the torque motor i s  called 

the secondary winding. 

For the Microsyn signal generator, the primary 

winding i s  the one with P designations; and the 

secondary winding i s  the one with S designations 

( r e f .  F ig .  6 -2a) .  The excitation voltages applied 

to  the individual coils of' the signal generator pri- 

mary winding may be shown by the following volt- 

age diagram: 

_ E i p r i l l  E(pr1)2 E(pr1)3 E(pri)4 

‘ I _  (externally , I 
7 grounded) PICT P2 
PI 

The symbols E ( p r i ) 1  , E (pri)2, E(pri )3’  and E (pl'i)4 

represent the excitation voltages applied to the coils 

of poles l ,  2 ,  3 ,  and 4 ,  respectively. The lengths 

of the arrows correspond to  the magnitudes of the 

voltages concerned. The voltages in these and the 

following diagrams are represented as being in 

phase or 180 degrees out of phase. Although they 

may depart somewhat from this ideal condition be- 

cause of variations in resistance and reactance 

from coil to coil ,  the representation shown is 

satisfactory for the purposes of this discussion. 

Any substantial departures from the ideal phase 

relationships are compensated by the use of a 

quadrature adjustment. The excitation voltages to 

the coils of the signal generator primary winding 

are all equal. When the rotor i s  centered rota- 

tionally, the voltages induced in the individual coils 

of the signal generator secondary winding will be: 

E l s e c l l  _ E ( s e c l 4  E ( s e c ) 3  EIBGCIZ 

__ (externally 
a grounded) SICT 52 

These induced voltages are also all equal. However, 

the coils of the secondary winding on poles 2 and 4 

of the signal generator are connected so as to 

oppose the coils of the primary winding on poles 2 

and 4 ,  and the coils of the secondary winding on 

poles l and 3are connected so as to aid the coils of 

the primary winding on poles 1 and 3.  Therefore,  

the resultant induced voltage in the secondary wind—- 

ing of the signal generator between terminals SI 

and $2 is  zero. If the rotor is moveda few degrees 

in the clockwise direction, the resultant induced 

Note: See Fig 2-18 for the on er-all wiring diagram of the 2016 gyro unit. 
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b) Torque motor schematic diagran 

Fig. 6-2. Wiring diagrams for the Microsyn centering procedure of the ZOIG gyro unit. 
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voltages in the signal generator secondary winding 

will be: 

Elsecll ElsecH Elsecl3 Elsecm 
— . "  

_|_ (externally 
:- grounded) SICT 52 
51 

The clockwise rotation of the signal generator 

rotor decreases the reluctance of the .magnetic 

path between the rotor and poles 2 and 4, with 

a resultant increase in the induced voltages E (sec)2 

and E(sec)4' Similarly, the clockwise rotation of 

the rotor increases the reluctance of the magnetic 

path to poles 1 and 3, with a resultant decrease in 

the induced voltages E(sec)1 and E(sec)3' The 

summation of these voltages shows a net resultant 

induced voltage in the secondary winding between 

terminals 81 and $2. With the excitation voltage 

across the primary winding (Pl-P2) applied to the 

horizontal input of an oscilloscope and the induced 

voltage across the secondary winding (SI -SZ) ap- 

plied to the vertical input of the oscilloscope, the 

oscilloscope trace will go downward-to-the-right 

6) because the induced secondary voltage is 180 

degrees out of phase with the excitation voltage. 
Note 

The 6) symbol and similar symbols used in the 
teat of this section do not represent the actual 
shape of the oscilloscope trace, but only its orien- 
tation. The actual trace seen should be an ellipse 

of the orientation indicated in each particular in- 
stance. 

If the signal generator rotor were turned in a 

counterclockwise direction, the reverse would be 

truezthe voltages E(sec)l and E(sec)3 would be the 

larger induced voltages and the resultant induced 

secondary voltage would be in phase with the exci- 

tation voltage. This would be indicated by an 

upward-to-the-right slope of the oscilloscope 

trace Q). The rotor is electrically centered 
rotationally with respect to the stators when the 

induced secondary voltage is a minimum as indi- 

cated by a vacuum tube voltmeter and a horizontal 

trace on the oscilloscope G. 

6-5.  SIGNAL GENERATOR RADIAL CENTERING 

ALONG ROTOR LONG AXIS. Radial centering of 

the signal generator along the long axis (y-axis, 

Fig. 6-2a) of the rotor is accomplished by exciting 

the primary winding (Pl-P2) and measuring the 

induCed voltage across one-half of the secondary 
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winding (Sl-SlCT) when the rotor is at the rotational 

electrical-zero position. The excitation voltages 

applied to the individual coils of the primary winding 

may be shown by the following diagram: 

Elprill Elpril2 E(prf)3 Etprm 

(externally 
:- grounclecl) PlCT P2 ‘ 

P l  

These excitation voltages are all equal. When the 

rotor is moved radially from its center along the 

long axis of the rotor (y-axis) toward the poles 1 

and 2,  the voltages induced in the individual coils 

of the secondary winding will be: 

E(secll  E(secl4 E(sec)3 Efsecl2 

J.(externall 
7-" groundedl SlCT $2 
$1 

The resultant induced voltage in one-half the sec- 

ondary winding (SI -SICT) will be in phase with the 

excitation voltage. Therefore, the oscilloscope 

trace will be upward-to-the-right®. Radial 
motion of the rotor away from center toward poles 

3 and 4 will induce a voltage 180 degrees out of 

phase with the excitation voltage in one-half the 

secondary winding, yielding a downward-to-the- 

right trace on the oscilloscope The rotor is 

centered radially along the y-axis when the voltage 

induced in one-half the secondary winding is a 

minimum (E(sec)1 gE(sec)4)’ as indicated by a 

vacuum tube voltmeter anda horizontal trace on 

the oscilloscope@ . 

6-6. SIGNAL GENERATOR RADIAL CENTERING 

ALONG ROTOR SHORT AXIS. Radial centering of 

the signal generator along the short axis ‘of the 

rotor (x-axis, Fig. 6-2a) is accomplished by 

exciting the secondary winding (SI-$2) and meas- 

uring the induced voltage across one-half the 

primary winding (Pl-PICT) when the rotor is at 

the rotational electrical-zero position. The exci- 

tation voltages applied to the individual coils of the 

secondary winding may be shown by the following 

diagram: 

E(secl1  ‘ Elam-:14 E(sec}3 Elsec 
—.= . 7  

(external ly 
t...— grounded) 

$1 
SlCT $2 



These excitation voltages are all equal. When the 

rotor is moved radially from its center along the 

x-axis (Fig. 6-2a) toward poles 1 and 4, the volt- 

age induced in the individual coils of the primary 

winding will be: 

E(pri)l E(pr1)2 E(pri)3 E(pri)4 
“ 

ibxtenrlk 
too a 

" g " PICT P2 
P1 

The resultant induced voltage in one-half the 

primary winding (Pl-PICT) will be in phase with 

the excitation voltage. Therefore, the oscilloscope 

trace will be upward-to-the-right @ .  Radial mo- 

tion of the rotor away frdm the center toward poles 

2 and 3 will induce an out-of-phase voltage, which 

would be indicated by a downward-to-the-right trace 

on the oscilloscope . The signal generator rotor 

is centered radially along the x-axis when the volt- 

age induced in one-half the primary winding is a 

minimum (E (pri)1 '=" E(pri)2)’ as indicated by a 

vacuum tube voltmeter and a horizontal trace on 

the oscilloscope @. 

6-7. TORQUE MOTOR ROTATIONAL CENTER- 

ING. Rotational centering of the torque motor is 

accomplished by exciting the primary winding and 

measuring the output voltage from the secondary 

winding. The torque motor primary winding is the 

one with the T1, T2 designations; the secondary 

winding is the one with the T3, T4 designations 

(ref. Fig. 6-2b). The excitation voltage applied to 

the individual coils of the torque motor primary 

winding may be shown by the following voltage 

diagram: 

5mm Emma E(prl)4 5mm 

(external I 
T grounded? 

T] 

These excitation voltages to the coils of the torque 

motor primary winding are all equal. When the 

rotor is centered rotationally, the voltages induced 

in the individual coils of the torque motor secondary 

winding will be: 

E(sec)2 E(sec)l E(sec)4 E(sec)3 

l (externall 
grounded d; 

T3 T3CT T4 

TICT T2 

These induced voltages are also all equal. However, 

the coils of the secondary winding on poles 1 and 3 

of the torque motor oppose the coils of the primary 

winding and the coils of the secondary winding on 

poles 2 and 4 aid the coils of the primary winding, 

so that the resultant induced voltage in the torque 

motor secondary winding between terminals T3 

and T4 is zero. If the rotor is moved a few de- 

grees in the clockwise direction, the resultant 

induced voltages in the torque motor winding will be: 

E(sec)2 E(sec) l  E(sec)4 E(sec)3 

—_l_3— (externall 
grounded; T3CT T4 

The clockwise rotation of the torque motor rotor 

decreases the reluctance of the magnetic path be- 

tween the rotor and poles 2 and 4, with a resultant 

increase in the induced voltages E(sec)2 and 

E(sec)4' Similarly, the clockwise rotation of the 

rotor increases the reluctance of the magnetic path 

to poles 1 and 3, with a resultant decrease in the 

induced voltages E(sec)1 and E(sec)3‘ The sum- 

mation of these voltages shows a net resultant 

induced voltage in the secondary winding between 

terminals T3 and T4. With the excitation voltage 

across the primary winding (Tl-T2) applied to the 

horizontal input of an oscilloscope and the induced 

voltage across the secondary winding (T3-T4) ap- 

plied to the vertical input of the oscilloscope, the 

oscilloscope trace will go upward to the right ® 

because the induced secondary voltage is in phase 

with the excitation voltage. If the torque motor 

rotor were turned in a counterclockwise direction, 

the reverse would be true: the voltages E(sec)l 

and E(sec)3 would be the larger induced voltages 

and the resultant induced secondary voltage would 

be 180 degrees out of phase with the excitation 

voltage. This would be indicated by a downward- 

to-the-right slope of the oscilloscope trace ® 

The rotor is electrically centered rotationally with 

respect to the stator when the induced secondary 

voltage is a minimum, as indicated by a vacuum 

tube voltmeter and a horizontal trace on the oscil- 

los cope 6 . 

6-8. TORQUE MOTOR RADIAL CENTERING 

ALONG ROTOR SHORT AXIS. Radial centering of 

the torque motor along the short axis (x—axis, 
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Fig. 6-2b) of the rotor is accomplished by exciting 

the primary winding (Tl-T2) and measuring the 

induced voltage across one-half of the secondary 

winding (T3—T3CT) when the rotor is at the rota- 

tional electrical-zero position. The excitation 

voltages applied to the individual coils of the 

primary winding may be shown by the following 

diagram: 

EtpriIZ ElpriIS I: E(pri)4 - >  E(pri}l 

_I, (externoll 
1.1-; grounded T ICT T2 

These excitation voltages are all equal. When the 

rotor is moved radially from its center along the 

short axis of the rotor (x-axis) toward poles 1 and 

4 (Fig. 6-2b), the voltages induced in the individual 

coils of the secondary winding will be: 

EISSCIZ E(sec)1  E(sec}4 EIBECI3 

— ~  -‘ “ —  

i (externally 
T grounded) T3CT T4 
T3 

The resultant induced voltage in one-half the sec- 

ondary winding (T3—T3CT) is 180 degrees out of 

phase with the excitation voltage. Therefore, the 

oscilloscope trace will be downward-to-the-right 

® . Radial motion of the rotor away from center 

toward poles 2 and 3 will induce an in—phase volt- 

age in one-half the secondary winding, as indicated 

by an upward-to-the-right trace on the oscilloscope 

® . The rotor is centered radially along the x— 

axis when the voltage induced in one —half the sec- 

ondary winding is a minimum (E(sec)2 3* E(sec)l)’ 

as indicated by a vacuum tube voltmeter and a 

horizontal trace on the oscilloscope @. 

6-9. TORQUE MOTOR RADIAL CENTERING 

ALONG ROTOR LONG AXIS. Radial centering of 

the torque motor along the long axis of the rotor 

(y—axis, Fig. 6-2b) is accomplished by exciting the 

secondary winding (T3-T4) and measuring the in- 

duced voltage across one-half the primary winding 

(Tl-TlCT) when the rotor is at the rotational 

electrical-zero position. The excitation voltages 
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‘1'- grounded 

T3 

applied to the individual coils of the secondary 

winding may be shown by the following diagram: 

E(sec)2 E(sec)1 EIsecM Elsecl3 
r 

T3CT T4 

These excitation voltages are all equal. When the 

rotor is moved radially from its center along the 

y-axis (Fig. 6-2b) toward poles 1 and 2, the volt- 

ages induced in the individual coils of the primary 

winding will be: 

E(priI2 Eipril3 Eipril‘i Elm-iii 

i (externoll 
7 grounded? TICT 1-2 

T1 

The resultant induced voltage in one-half the pri- 

mary winding (Tl-TICT) will be in phase with the 

excitation voltage. Therefore, the oscilloscope 

. trace will be upward-to-the-right @. Radial mo- 

tion of the rotor away from center toward poles 3 

and 4 will induce an out-of-phase voltage that would 

be indicated by a downward-to-the-right trace on 

the oscilloscope Q. The torque motor rotor is 

centered radially along the y-axis when the voltage 

induced in one-half the primary winding is a mini— 

mum (E(Pri)2 '5' E(pri)3)’ as indicated by a vacuum 

tube voltmeter and a horizontal trace on the oscil- 

loscope G.  

6-10. EQUIPMENT REQUIRED. 

6-11. The various items of equipment required for 

the Microsyn centering procedure are (ref. Figs. 

6-3 and 6-4): 

a. Microsyn centering fixture. 

b. Test console and equipment I mounted 

therein. 

c .  Two oscilloscopes. 

d. Two vacuum-tube voltmeters. 

6-12. PROCEDURE FOR PLACING GYRO UNIT IN CEN- 

TERING FIXTURE. 

6-13. The purpose of the centering fixture (ref. 

Fig. 6-3) is to hold the gyro unit and to permit 

easy adjustment of each Microsyn stator with 

respect to the associated rotor. The detailed 
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Fig. 6.3. Pictorial views of the Microsyn centering fixture. 
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Note: Use Figs. 6-5, 6-7, 6-9 and 6-11 as a guide in 
making connections to the two oscilloscopes. 

1 . Audio oscillator 9 .  S econdary input voltmeter - Microsyn l6. Excitation amplifier — for Microsyn 
2 , Angular voltmeter . used as a torque motor being centered 

3 _ Angular oscilloscope 1 0 .  20-pin receptacle 17. Driving amplifier - for Microsyn used 

4 . Radial voltmeter 1 l - Selector SWitCh as torque motor 

5 _ Radial oscilloscope 1 2 . Circuit excited switch _ primary or 18. Primary torque current rheostat - for 

secondary Mrcrosyn being used as torque motor 
6 . Impedance matching panel 19. Secondary torque current rheostat - for 

Microsyn being used as torque motor 

20. Quadrature adjust rheostat 

1 3 . Type of unit switch - rate or integrating 
or pendulous 

8 xfWVHD. Primary input voltmeter - Microsyn used 1 4 ‘  Tor que-off-restraint SWitCh 21 T at r e c't t‘ et 

as torque motor 1 5 . Torque direction switch - CW, CCW ' "u m ° x r a 1°“ amm er 

7 . Excitation voltmeter — Microsyn being 
centered 

Fig. 6-4. Pictorial View of the Microsyn centering test equipment. 



procedure for placing the assembled gyro unit into 

the centering fixture is as follows: 

a. Rotate the collet draw-in nut (2, Fig. 6-3) 

in a clockwise direction (as viewed from the top 

of centering fixture) as far as it will go, so that 

the nut lowers and loosens the collet jaws (20). 

Push back the collet jaws from the inside of the 

fixture so that they do not protrude within the inside 

diameter of the fixture. 

b. Loosen the set screw (11) on each of the 

two adjusting rod housings (6) and on each of the 

two pressure rod housings (7 and 16). 

c .  Pull out each of the two adjusting rod 

housings (6) and each of the pressure rod housings 

(7 and 16) as far as it will go, by pulling on the 
radial adjusting screw knobs (4 and 5) and the 

pressure rod housings (7 and 16), so that the ad— 

justing rods and pressure rods on the inside clear 

the inside diameter of the fixture. 

d. Plug the gyro unit (18) into the centering 

fixture, making sure that the plug on the gyro unit 

fits firmly into the socket at the bottom of the 

fixture. ‘ 

e .  Clamp the bottom of the gyro unit in posi- 

tion by rotating the collet draw-in nut (2) in a 

counterclockwise direction. Tighten firmly. 

f .  Set the four wedges (10) symmetrically 

about the gyro unit in order to hold it firmly within 

the fixture. 

g. Lower the adjustment sleeve (12) by re- 

moving the spacer (13) and lowering the assembly 

as far as it will go on the fixture. 

h. Push the pressure rod housing (7), into 

position and tighten its associated locking set 

screw (11). The pressure rod housing contains a 

V-slot and the locking set screw seats against a 

spring and ball. The pressure rod housing is 

located in its proper position when the locking set 

screw takes up on the ball so that the ball seats 

into the V-slot in the pressure rod housing. Once 

the pressure rod housing is  locked into position, 

be sure the retaining nut on the pressure rod (8) is 

backed away from the pressure rod housing. 
Note 

There is a possibility that the pressure rod, which 

is spring-loaded, will not be held in position against 

the Microsyn stator with sufficient force if the re- 

taining nut is not backed away from the pressure rod 

housing. 

1. Repeat the previous step h to position the 

other pressure rod housing (16). 

j. Back off the radial adjusting screw knob (4). 

Then push in the adjusting rod housing (6) by 

pushing on the knob. Lock the housing in position 

by tightening the locking set screw (11) so that its 

ball seats in the V-slotin the adjusting rod housing. 

Turn in the radial adjusting screw knob until it 

seats lightly against the Microsyn stator. 

k. Repeat the previous step j to position the 

other radial adjusting screw knob (5). 

1. Plug the 20-pin receptacle (10, Fig. 6-4) 

on the end of the cord from the test console into the 

20-pin connector (3, Fig. 6-3) mounted on the base 

of the centering fixture. Ground the centering fix- 

ture by connecting it to the frame of the test 

console. 

6-14. SIGNAL GENERATOR CENTERING PROCEDURE. 

6-15. SIGNAL GENERATOR ROTATIONAL CEN- 

TERING PROCEDURE. Figure 6-5  is a functional 

block diagram showing how the test equipment of 

Fig. 6-4 is used during signal generator rotational 

centering and radial centering along the rotor long 

axis. The signal generator primary winding is 

excited by the oscillator through one of the ampli- 

fiers, and the signal generator secondary voltage 

is measured for rotational centering and one-half 

the secondary voltage is measured for radial 

centering along the rotor long axis. The torque 

motor is energized by the oscillator and a second 

amplifier when it is required to drive the rotor 

from one angular position to another. Center the 

rotor of the signal generator rotationally by the 

following procedure: 

a. Turn on the test console by plugging its 

power cord into an electrical outlet. 

Note 
This test procedure assumes that a )  all test units 

have been previously interconnected by a qualified 

technician in accordance with the functional diagram 

of Fig. 6—5 and b)  the on-off switches on the indi- 

pidual test equipments have been previously turned 

on. 

b. Make the following patch-cord connections 

on the impedance matching panel (6, Fig. 6-4) of 

the test console, as shown in Fig. 6—6: 

(1) Connect the left—hand terminal designated 

15 to the EXCITE terminal designated P1-P2. 



PRIMARY 
WINDING 
PI-P2 

IMPEDANCE AUDIO EXCITATION EXCITATION 
OSCILLATOR AMPLIFIER MAFAEIEIEG 7 VOLTMETER 
(I, Fig. 6-4) (16, Fig. 6-4) (6, Fig. 6-4) (7, Fig. 6-4) 

PRIMARY 
/ TORQUE PRIMARY 

.CURRENT INPUT 
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”(13, Fig. 6-4) (8, Fug. 6-4) 
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SIGNAL (2’ Fig 6.4) 
GENERATOR 

SECONDAR 
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WINDING RADIAL 
71-1'2 OSCILLOSCOPE 

(5, Fig. 6-4) 
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MOTOR 
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WINDING 
mm 

Fig. 6-5 . Functional block diagram of test equipment when used during signal generator rotational centering and radial centering along 

rotor long axis. 
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b) Schematic view 

Fig. 6-5. Patch-card connections required an impedance matching panel of test console when signal generator primary winding is 
excited and torque motor is connected so as to drive rotor. 
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(2) Connect the right-hand terminal designated 

15 to the TORQUE terminal designated T3-T4. 

(3) Connect the right-hand terminal designated 

250 to the TORQUE terminal designated T1-T2. 

Note 

The patch cords used with the impedance matching 

panel are shielded cords with the shields connected 

to the ground terminal. 

c.  Place the TORQUE-OFF-RESTRAINT 

switch (14, Fig. 6-4) in the OFF position. 

d.  Place the TYPE OF UNIT switch (13, 

Fig. 6-4) in the INTEGRATING position. 

e.  Place the CIRCUIT EXCITED switch (12, 

Fig. 6-4) in the PRIMARY position. 

f .  Place the selector switch (11, Fig. 6-4) in 

the right-hand position, so that proper connections 

will be made for centering the signal generator and 

using the torque motor to drive the floated units 

assembly from one st0p position to another. 

g. Set the frequency of the oscillator (1, 

Fig. 6-4) at 400 cycles per second. 

h. Adjust the excitation current to the Micro- 

syn signal generator primary winding to 125 ma by 

adjusting the output level control on the oscillator 

(1, Fig. 6-4) and the output level control of the 

excitation amplifier (16, Fig. 6-4). This current 

is adjusted to 125 ma when the vacuum tube volt- 

meter (7, Fig. 6-4) reads 1. 25 volts. 

i .  Loosen the four signal generator tie rods 

(14, Fig. 6-3). 

j. Place the TORQUE DIRECTION switch 

(15, Fig. 6—4) in the CW position. 

k.  Place the TORQUE-OFF-RESTRAINT 

switch (14, Fig. 6-4) in the TORQUE position. The 

torque motor is now excited. Adjust the excitation 

to the primary and secondary windings of the torque 

motor by the torque—current rheostats (18 and 19, 

Fig. 6-4) so that the torque motor will drive the 

rotor against one of the stops. This rotation can 

be noted by the change in angular voltage on the 

angular voltmeter (2, Fig. 6-4). The voltage will 

reach a maximum when the rotor is against the 

stop. Read this voltage. 

1. Place the TORQUE DIRECTION switch 

(15, Fig. 6-4) in the CCW position. The torque 

motor will drive the rotor in the opposite direction 

against the opposite stop. As the rotor is driven 

in this manner, from one st0p to the other, the 

voltage on the angular voltmeter (2, Fig. 6-4) will 

decrease to the null voltage and then increase to 

a maximum when the rotor reaches the stop. The 

short axis of the elliptical trace on the angular 

oscilloscOpe (3) will increase or decrease pro- 

portionately to the voltage. 

Note 
The trace on the oscilloscope should be an ellipse. 

The short axis of the ellipse will increase or de— 

crease as the induced voltage in the secondary 

winding increases or decreases. If the oscilloscope 

cannot be adjusted to give an ellipse, it is an in- 

dication that the quadrature adjustment is not cor- 

rect. Rotate the quadrature rheostat (20, Fig. 6-4) 

so that a) the oscilloscope trace can be adjusted 

to an ellipse and b) the short axis of the ellipse 

is at a minimum. 

m. The rotor is properly centered rotationally 

within the stator when the voltages with the rotor 

at the stop positions are as nearly equal as pos- 

sible. If they are unequal, rotate the stator by 

moving the angular adjustment screw (9, Fig. 6-3) . 

so that the voltages at the stOps increase or de- 

crease as required. Move the rotor between its 

stops by placing the TORQUE DIRECTION switch 

(15, Fig. 6-4) in first one position and then the 

other position. This adjustment of the voltages at 

the steps is called splitting the stops. 

n. Rotate the rotor to the null position (point 

of lowest voltage on angular voltmeter). Place the 

TORQUE-OFF-RESTRAINT switch (14, Fig. 6-4) 

in the OFF position when the rotor is in the null 

position. 

6-16. SIGNAL GENERATOR RADIAL CENTERING 

PROCEDURE. Refer to Fig. 6-5 and paragraph 

6-15 for a description of the test setup when used 

for the radial centering of the signal generator along 

the long axis of the rotor. Center the rotor of the 

signal generator radially by the follOwing procedure: 

Note 

This procedure should follow the rotational centering 

procedure described in the previous paragraph. The 

initial conditions here are the terminal conditions 

for that procedure. That is, the rotor is in the null 

voltage position (point of lowest voltage an angular 

voltmeter) and the TORQUE-OFF-RESTRAINT 

switch (11;, Fig. 6-1,.) is in the OFF position. 

a. Center the stator radially by rotating the 

radial adjusting screw knob (5, Fig. 6-3) on the 

centering fixture. As the center position is ap- 

proached, the short axis of the ellipse on the radial 
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oscilloscope will decrease and the trace will 

approach a horizontal position. Adjust the radial 

adjusting screw knob (5, Fig. 6-3) until the short 

axis of the ellipse on the radial oscilloscope is a 

minimum and the trace is horizontal. Read the 

minimum voltage on the radial voltmeter (4, 

Fig. 6-4). 

Note 
Radial centering cannot be more accurate than-the 

bearing side shake (clearance between pivot and 

jewel bearing inside the gyro unit). To determine 

bearing side shake, measure the change in radial 

voltage as you tip the centering fixture approxi- 

mately 30 degrees, first in one direction and then 

in- the opposite direction about the a-aais (ref. 

Fig. 6-3). A change in voltage greater than about 

50 millioolts is an indication of  a defective jewel 

bearing component. 

b. This radial centering has taken place along 

the long axis of the rotor, with the primary winding 

of the signal generator excited. To provide radial 

centering along the short axis, the secondary wind- 

ing of the signal generator is excited. Figure 6-7 

is a functional block diagram of the test equipment 

when used during the radial centering along the 

rotor short axis of the signal generator. Note that 

the secondary winding of the signal generator is 

excited and the output voltage from one-half the 

primary winding is measured. Center the signal 

generator along this short axis by proceeding with 

the following steps. 

c .  Change the patch cord connections on the 

impedance matching panel (6, Fig. 6-4) of the test 

console by removing the patch cord that is con- 

nected between the left-hand terminal designated 

15 and the EXCITE terminal Pl-PZ and connecting 

it between the left-hand terminal designated 500 

and the EXCITE terminal designated SI—SZ 

(ref. Fig. 6-8). Be sure to connect the shields of 

the patch cords to ground. 

d. Place the CIRCUIT EXCITED switch (12, 

Fig. 6-4) in the SECONDARY position. 

e.  Adjust the secondary excitation voltage to 

20 volts. This is read directly on the excitation 

voltmeter (7, Fig. 6—4). This voltage is adjusted 

by rotating the output level control on the oscillator 

(1, Fig. 6-4) and the level control on the excitation 

amplifier (16, Fig. 6-4). 

f .  Center the stator radially by rotating the 

radial adjusting screw knob (4, Fig. 6-3) on the 

centering fixture. As described in step a, adjust 

this screw until the short axis of the ellipse on the 

radial oscillosc0pe is at a minimum and the trace 

on the radial oscilloscope is horizontal. Read the 

minimum voltage on the radial vacuum tube volt- 

meter (4, Fig. 6-4). 

g. These centering procedures for the signal 

generator should now be repeated, starting with 

paragraph 6-13, because of the interaction of the 

flux linkages involved. Record the voltage with the 

rotor at each stop, the angular null voltage, the 

radial voltage with the primary excited and the 

LH. IMPEDANCE 
AUDIO EXCITATION 
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(I. Fig. 6-4) (16, Fig. 6-4) (6 Fig M) 
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—-. l ' 6-4 PANEL RHEOSTAT - 
I 7' F'g' ) (6, Fig. 6-4) ”9 Fig 64) 

EXCITATION SIGNAL RADIAL 

(7, Fig. 6-4) v (4, Fig. 6-4) 

SECONDARY PRIMARY 

WINDING WINDING 
51-52 PI-PICT RADIAL 
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Fig. 6 -7. Functional block diagram of test equipment when used during signal generator radial centering along rotor short axis. 
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Fig. 6-8. Patch-cord connections required on impedance 

matching panel of test console when signal generator sec- 
ondary winding is excited and torque motor is connected so 

as to drive rotor. 

radial voltage with the secondary excited. Enter 

this data on the Microsyn Centering Data Sheet in 

the Microsyn Assembly Record Book. A typical 

example of a Microsyn Centering Data Sheet is 

shown in Appendix A. When these adjustments have 

been repeated so that optimum centering has been 

obtained, tighten the signal generator tie rods 

(14, Fig. 6-3). 

h. Loosen the locking set screws (11, 

Fig. 6-3) on each of the two adjusting rod housings 

(6, Fig. 6-3) and each of the two pressure rod 

housings (‘7 and 16). Pull out the two adjusting rod 

housings and the two pressure rod housings as far 

as they will go, so that the adjusting rods and 

pressure rods on the inside will clear the gyro 

unit. 

i. Repeat the centering tests without making 

adjustments and record the voltages with the rotor 

at each stop, the angular null voltage, the radial 

voltage with the primary excited, and the radial 

. voltage with the secondary excited. There should 

be little difference between these readings and the 

readings taken before the Microsyn tie rods were 

clamped and the adjusting rods and pressure rods 

of the centering fixture were backed off. 

6-17. TORQUE MOTOR CENTERING PROCEDURE. 

6-18. TORQUE MOTOR ROTATIONAL CEN— 

TERING PROCEDURE. Figure 6-9 is a functional 

block diagram of the test equipment when used 

during torque motor rotational centering and radial 

centering along the rotor short axis. With the 

torque motor primary winding excited by the 

oscillator through one of the amplifiers, the total 

torque motor secondary voltage is measured for 

rotational centering, and one-half the secondary 

voltage is measured for radial centering along the 

rotor short axis. The signal generator is energized 

by the oscillator and a second amplifier when it is 

required to drive the rotor from one angular posi- 

tion to another. Center the rotor of the torque 

motor rotationally by the following procedure: 

a. Mount the gyro unitin the centeringfixture 

as described in paragraph 6-13, steps a through f. 

b. Raise the adjustment sleeve (12, Fig. 6-3), 

insert the spacer (13, Fig. 6-3), and let the adjust- 

ment sleeve rest on the spacer. ' 

c. Locate the stator centering components on 

the adjustment sleeve (12, Fig. 6-3) and plug in the 

20-contact connector as described in paragraph 

6-13, steps h through 1. 

d. Turn on the test console by plugging its 

power cord into an electrical outlet. 

e. Make the following patch cord connections 

on the impedance matching panel (6, Fig. 6-4) of 

the test console, as shown in Fig. 6-10: 

(1) Connect the left-hand terminal designated 

15 to the EXCITE terminal designated T1-T2. 

(2) Connect the right-hand terminal designated 

15 to the TORQUE terminal designated P1-P2. 

(3) C onnect the right-hand terminal designated 

500 to the TORQUE terminal designated Sl-SZ. 

Note 
Be sure to connect the shields of the patch cords 

to the ground terminal. 

f. Follow the steps given in paragraph 6-15 

steps c through n with the following exceptions: 

(1) In place of step f, place the selector switch 

(11, Fig. 6-4) in the left-hand position, so that 

prOper connections will be made for centering the 
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Fig. 6 .9. Functional hloclr diagram of test equipment when used during torque motor rotational centering and radial centering along 

rotor short axis. 

TRANSFORMER OUTPUT IMPEDANCE TAPS WITH 
RESPECT TO GROUND baO ~ torque motor and using the signal generator to 

FROM EXCITATION FROM DRIVING ' 
AMPLIFIER (16, Fig. 6-4) AMPLIFIER (I7, Fig. M) drive the floated units assembly from one stop 

I l position to another. 

l l d/Wfifi‘lfif (2) In step h, adjust the current to the torque 

PANEL motor primary winding to 100 ma by adjusting the 
0 son 

output level control on the oscillator (1, Fig. 6-4) 

SHPIEIfE'E'D 0 25° 5%'E%EED and the level control of the excitation amplifier 

CORD CORDS (16, Fig. 6-4). This current can be read directly 

on the excitation ammeter (21, Fig. 6-4). 

(3) In place Of step i, loosen the four torque 

motor tie rods (15, Fig. 6-3). 

(4) In step it, when the TORQUE-OFF- 

RESTRAINT switch (14, Fig. 6-4) is inthe TORQUE 
l 

IllllgRJd-slg - TI 2 E§CITE OI position, the signal generator is excited and will 

BEING 51:2 \ F 4’2 drive the rotor between the stops. 
CENTERED 13-14 I 

GROUND 6-19. TORQUE MOTOR RADIAL CENTERING 

”P2 ll\ PROCEDURE. Refer to Fig. 6-9 and paragraph 

MTgnslg TI—T2 V 6-18 for a description of the test setup when used 

BEING '“ ' , for the radial centering Of the torque motor along 

LillEnfisE the short axis of the rotor. Center the rotor of the 

MOTOR torque motor radially by the following procedure: 

a. .Follow the procedure given in paragraph 
Fig. 6-l0. Patch-cord connections required an impedance 6-16 with the following exceptions- 

matching panel ot test console when torque motor primary ' 

winding is excited and signal generator is connected so as (1) In Step 9': rotate the r adial adjusting 
to drive rotor. screw knob (4, Fig. 6—3). 
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(2) In step b, reference to the signal gener- 

ator now applies to the torque motor. Figure 6-11 

is a functional block diagram of the test equipment 

when used during the radial centering along the 

long axis of the torque motor. Note that the sec— 

ondary winding of the torque motor is excited and 

the output voltage from one-half the primary wind- 

ing is measured. 

(3) In step c,  change the patch-cord con- 

nections on the impedance matching panel (6, 

Fig. 6-4) of the test console by connecting the patch 

cord from the EXCITE terminal designated T3-T4 

to the left-hand terminal designated 250 instead of 

terminal 15 (ref. Fig. 6-12). 

(4) In step e, adjust the current to the torque 

motor secondary winding to 100 ma by the adjust- 

ments noted. This current can be read directly on 

the excitation ammeter (21, Fig. 6-4). 

(5) In step i, center the stator radially by the 

radial adjusting screw knob (5, Fig. 6-3). - 

b. Once the signal generator and torque motor 

have been centered, it is desirable to adjust the 

gyro motor flex leads for minimum torque at the 

zero-angular-dlsplacement position of the floated 

units assembly, and to measure the friction level 

at this position, before removingthe gyro unit from 

the centering fixture. Refer to paragraphs 6-20 

through 6-23 for the methods of making these ad- 

justments and measurements. 

6—20. FLEX-LEAD NULL. 

6-21. The torque applied to the floated units 

assembly by the gyro motor flex leads should have 

its minimum value at the zero-angular-displacee 

ment position of the floated units assembly. That 

is, the flex-lead torque null should coidcide with 
the signal-generator voltage null. This can be 

accomplished by the following procedure‘: 

a. Set up the test equipment the same as for 

rotational centering of the signal generator (ref. 

paragraph 6-15). 

b. By means of the TORQUE-OFF-RESTRAINT 

switch, the TORQUE DIRECTION switch and the 

torque-current rheostats (ref. paragraph 6-15, 

steps j, k and 1), place the floated units assembly 

in the zero-angular-displacement position. This 

will be indicated by a minimum reading on the 

angular voltmeter (2, Fig. 6-4). 

c. Place the TORQUE-OFF-RESTRAINT 

switch in the OFF position. 

d. Adjust the flex-lead adjustment screw 

(19, Fig. 6-3) sothat a minimum readingis obtained 

on the angular voltmeter (2, Fig. 6-4). The mini- 

mum flex-lead torque now occurs at the zero- 

angular-displacement position of the floated units 

assembly. 

6-22. GYRO UNIT FRICTION LEVEL. 

6-23. The gyro unit friction level is the amount of 

AUDIO l EXCITATION 'm$gfilf§ 
OSCILLATOR AMPLIFIER pANEL 
(I, Fig. 6.4) (16. Fig. 6-4) (6, Fig. 6.4) 

PRIMARY 
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(18, Fig. 6-4) 

DRIVING 'mEEQPNCGE 
—- AMPLIFIER PANEL 

. '9- (I9, Fig. 6-4) 

H 
EXCITATION lj RADIAL 

I AMMETER 1%??? VOLTMETER 
(21, Fig. 6-4) T R / fl (4, Fig. 6-4) 

SECONDARY PRIMARY 
wINDING WINDING 
T3-T4 Tl-TCT RADIAL 

OSCILLOSCOPE 
PRIMARY (5. Fig. 6-4) 

INPUT 
VOLTMETER 
(8, Fig. 6-4) 

PRIMARY 
WINDING 

P I-P2 
SECONDARY 

INPUT SIGNAL 
VOLTMETER GENERATOR 
(9' F'9' 6“” SECONDARY 

WINDING 
$1.52 

Fig. 6-". Functional block diagram of test equipment when used during torque motor radial centering along rotor long axis. 
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Fig. 6-12. Patch-cord connections required on impedance 
matching panel of test console when torque motor secondary 

winding is excited and signal generator is connected so as 
to drive rotor. 

torque required to overcome the stationary friction 

level of the floated units assembly from its zero- 

angular-displacement position. The friction level 

is determined by measuringthe minimum inputs to 

the torque motor that are required to move the 

floated units assembly from its zero-angular- 

d‘isplacement position. The torque output from 

the torque motor can then be calculated, using the 

known sensitivity of the Microsyn unit. The detailed 

procedure is as follows: 

a. Set up the test equipment the same as for 

rotational centering of the signal generator null 

(that is, with no change from the setup used in 

obtaining the flex-lead null). 
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b. By means of the TORQUE -OFF-RESTRAINT 

switch, the TORQUE DIRECTION switch and the 

torque-current rheostats, place the floated units 

assembly in the zero-angular-displacement posi- 

tion. This will be indicated by a minimum reading 

on the angular voltmeter (2, Fig. 6-4). 

c. With the TORQUE DIRECTION switch in the 

CW position, move the floated units assembly away 

from the zero-angular-displacement position. 

Observe the voltage readings of the primary input 

voltmeter and the secondary input voltmeter (8 and 

9, Figs. 6-4 and 6-5) at the instant the minimum 

reading on the angular voltmeter (2, Fig. 6-4) 

starts to increase. 

d. Repeat the procedure of steps b and c with 

the TORQUE DIRECTION switch in the CCW posi- 

tion. 

e. The primary input voltmeter and the sec- 

ondary input voltmeter are each set up to read the 

voltage across a 10-ohm resistor. Therefore, to 

determine the current inputs (in milliamperes) 

into the primary and secondary circuits of the 

torque motor, divide the voltage readings (in 

millivolts)by ten. Obtain the corresponding torque 

output of the torque motor (in dyne-centimeters)by 

multiplying the product of the two currents by the 

torque motor sensitivity (obtained from the appro- 

priate production test data sheet; ref. paragraph 

4—44). The friction-level torque obtained should 

not exceed 0. 4 dyne-centimeter. 

6—24. When the centering and testing of the gyro 

unit in the centering fixture have been completed, 

remove the gyro unit from the centering fixture by 

removing the four wedges (10, Fig. 6-3), loosening 

the collet draw-in nut (2, Fig. 6-3) by rotating it 

clockwise, pressing down the ejection lever (1, 

Fig. 6-3), and lifting out the gyro unit. 

Note 
Be sure the two adjusting rod housings ( 6, Fig. 6-3) 

and the two pressure rod housings (7 and 16) have 

been pulled out as described in paragraph 646‘, 

step II. 
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SECTION VII 

FILLING AND FINAL ELECTRICAL CHECK 

7-1. INTRODUCTION. 

7-2. Once the Microsyn units have been centered 

(ref. Section VI), the outer case assembly is at- 

tached and hermetically sealed. The void between 

the floated units assembly and the outer case assem- 

bly is then filled with a fluid of relatively high vis- 

cosity. The purpose of filling the gyro unit is to 

float the floated units assembly in order to reduce 

bearing friction and to applythe desired integrating 

damping action. The viscosity of the fluid — and 

hence the damping action - is determined by the 

operating temperature of the gyro unit. The main 

housing assembly of the gyro unit contains a non- 

inductively wound temperature-sensitive coil of 

wire (ref. paragraph 4-97) that may be used for 

determining, and also controlling, the operating 

temperature of the gyro unit (for example, see 

paragraphs 8-21 through 8-23). 

7-3.  The 201G gyro units built by the Instrumenta- 

tion Laboratory are filled with Fluorolube, a product 

manufactured by the Hooker Electrochemical Co. , 

Niagara Falls, N. Y. Fluorolube, which is almost 

colorless, has a soft, sticky feeling at room 

temperature. At the operating temperature of the 

gyro unit (160° F),  the viscosity decreases, so that 

the fluid has the properties required to provide the 

functions noted in the preceding paragraph. 

7-4. The gyro unit is filled by forcing the filling 

fluid through a fritted glass filter, heating the 

fluid to operating temperature, and forcing the 

filling fluid up through one of the pins in the 20-pin 

connector into the gyro unit and out through the 

copper tubing on the t0p of the outer case assembly. 

When the filling is complete, the filling pin on the 

20-pin connector and the copper tubing on the top 

of the outer case assembly are sealed. A final 

electrical check is then made of the completed 

gyro unit. 

7-5. The following paragraphs of Section VII give 

the detailed procedures associated with the gyro 

filling operation under the following sideheads. 

a. Attaching the outer case assembly (ref. 

paragraphs 7 -6 and 7-7). 

b. Testing the gyro unit for leakage (ref. 

paragraphs 7 -8  and 7-9). 

c .  Description of the filling equipment (ref. 

paragraphs 7-10 through 7 -12). 

d.  Filling the gyro unit (ref. paragraphs 7-13 

and 7-14). 

e.  Making the final electrical check (ref. 

paragraphs 7-15 and 7-16). 

7-6.  ATTACHING THE OUTER CASE ASSEMBLY. 

7-7.  The outer case assembly is assembled to the 

gyro unit by attaching it to the signal generator end 

housing by the following detailed procedure: 

a. Inspect the threads of the signal generator 

end housing and also those of the outer case assem- 

bly to see that they are free from dirt. 

b. Coat the threads of the signal generator 

end housing with special Armstrong adhesive, which 

is prepared in the ratio of 25 parts (by weight) to 

1 part of hardener. 

c.  Drop the diaphragm in the outer case and 

make sure it seats correctly in the bottom. As an 

aid in securing the diaphragm, smear a small 

quantity of cold Fluorolube (same as used for filling 

the gyro unit) at the center of the inside face of the 

diaphragm. 

d. Support the outer case assembly with the 

open end upward. Thread the signal generator end 

housing into the case until the case is solidly- 

abutted against the shoulder on the end housing. 

Cure for 20 minutes at room temperature, then 

overnight in an oven set at 165° Fahrenheit. 

7-8. TESTING THE GYRO UNIT FOR LEAKAGE. 

7-9. Before filling the gyro unit, test itfor leakage 

by sealing the filling pin (ref. Fig. 2-18) on the 20- 

pin connector with the sealing screw (15, Fig. 7-1; 

also 1 ,  Fig. 7-3),  applying ten pounds per square 

inch of helium - supplied by a helium pressure 

flask - through the copper tubing at the top of the 

outer case assembly, and immersing the gyro unit 

in hot water. 
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1. Control valve ’17. 
2. Control valve 

3. Control valve 18. 
4. Flexible hose l9. 
5 .  Flexible hose 20. 

6. Control valve 21. 
7. Control valve 22. 

8. Flexible hose 23. 
9. Control valve 24. 

10. Exhaust port 
11. Filling port 25. 
12. Water inlet port 26. 
13. Glass bulb 27. 
14. Gyro unit 28. 
15. Sealing screw 29. 
16. Clamp 30. 

Gyro heater block temperature 
thermometer 
Water temperature thermometer 
Ejection lever 
Filling valve assembly 
Megovac and diffusion pumps 
Kinney pump 
Vacuum gauge (Bourdon tube type) 
Vacuum gauge (McLeod type - 
alternate for (36)) 
Switch for Kinney pump 
Switch for Megovac pump 
Holding fork 
Switch for diffusion pump 
Heater switch 
Gyro heater thermostats 

31. Water heater thermostat 
32. F titted glass filter 
33. Filling fixture 
34. Glass retainer 
35. Vacuum gauge (mercury manom- 

eter - alternate for (23)) 

36. Vacuum gauge (Pirani type) 
37. Flexible hose 
38. Control valve (cooling water in) 
39. Control valve (cooling water out) 
40. Needle valve control (controls 

water flow) 
41. Vacuum gauge (mercury manometer - 

alternate for (36)) 
42. Heated filaments for (36) 
43. Isolation valve 

Fig. 7-1. Pictorial View of the filling equipment. 
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Fig. 7-2. Schematic diagram of the filling equipment. 

Note 
Hot water is used because helium, like most gases, 

is less soluble in hot water than in cold. Hence, 

bubbles will escape to the surface if any helium is 

leaking from the gyro unit. 

By observing for bubbles, check for leaks at the 

following places: 

a. At the joint Of the copper tubing to the 

outer case assembly. 

b. At the seal of the outer case assembly to 

the rest Of the gyro unit. 

c.  At the two balance-fork port holes. 

d. At the joints of the 20-pin connector. Fix 

any leaks as required, recheck, and remove the 

sealing screw when all is in order. 

740. DESCRIPTION OF THE FILLING EQUIPMENT. 

7-11. Figure 7-1 is a pictorial view Of the equip- 

ment used to fill the assembled gyro unit, which is 

shown being placed into position. The equipment 

consists Of a filling fixture (33, Fig. 7-1), a 

Kinney pump, a Megovac pump, an oil diffusion 

pump, and the associated vacuum gauges, ther- 

mometers, control valves, and other equipment 

called out on the figure. The Oil diffusion pump 

assists the Megovac pump in obtaining a high 

vacuum. There are two separate vacuum circuits, 

as shown by the schematic diagram Of Fig. 7-2. 

7-12. The filling fluid is poured onto the fritted 

glass filter (32) through the filling port (11), while 

the flexible hose (5) is temporarily removed. The 

fluid is then forced through the filter into the glass 

retainer (34) by a difference in pressure between 

the top Of the filter and the glass retainer. This 

glass retainer has a water jacket, which contains 

water heated by an electrical heating unit in the base 

of the filling fixture (33). The heated water brings 

the filling fluid up to the Operating temperature. 

The gyro unit is also heated to the Operating tem- 

perature Of the filling fluid by electric heaters in 

the part Of the filling fixture that surrounds the 
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gyro unit when the unit is placed in its proper posi- . 

tion in the filling fixture. The fluid is pushed from 

the glass retainer (34) through the glass tubing 

connecting the glass retainer with the filling valve 

assembly (20). Whenthe sealingscrew(1, Fig. 7-3) 

is lowered, and the hand wheel ('7) is turned to the 

open position, fluid is pushed into the gyro unit by 

a difference in pressure between the filling valve 

assembly and the gyro unit (21). The flow of fluid 

from the glass retainer through the gyro unit is - 

controlled by the filling valve assembly. The 

pictorial cutaway view of Fig. 7 - 3  shows the details 

of this assembly and the path followed by the filling 

fluid. 
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FILLING FLUID PATH 

. Gyro unit filling pin $12 5 
6 . Valve body 
7 . Hand wheel 
8 . Valve adjusting screw 

1 . Sealing screw 9 .  Bellows 
2 . Packing screw 1 0 . Spring 
3 . Ofiring l 1 . Valve head 
4 .  O-ring 1 2 . Sealing screw adapter 

Fig. 7-3. Pictorial cutaway View of the filling valve assembly. 

7-13. FILLING THE GYRO UNIT. 

7-14. The detailed procedure for filling the gyro 

unit with the filling fluid is as follows: 

a. Close the control valves (1, 2 ,  and 3, 

Fig. 7—1) to shut off the air connections to the glass 

retainer (34). 

b. Be sure that the water level in the jacket 

around the glass retainer (34) reaches the water 
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inlet port (12). Add water through this. port if 

necessary. 

c .  Turn on the water heater and gyro unit 

heaters by means of the heater switch (29). The 

water temperature should reach the operating 

temperature of the filling fluid, which is 160° 

Fahrenheit. The water temperature is controlled 

by the water heater thermostat (31)and is measured 

by the water temperature thermometer (18). The 

gyro heaters should heat the filling fixture sur- 

rounding the gyro unit to the operatingtemperature 

of the filling fluid. The gyro heater block tem— 

perature is controlled by the two gyro heater 

thermostats (30) and is measured by the gyro heater 

block temperature thermometer (17). 

d. Close the filling valve assembly (20) to shut 

off the filling fluid line to the gyro unit. This is 

accomplished by turning the hand wheel (7, Fig. 

7-3) completely clockwise (as viewed in Fig. 7-1). 

e .  Remove the flexible hose (5) from the 

filling port (11), pour about 75 milliliters of filling 

fluid into the filling port, and replace the flexible 

hose on the filling port. 

f .  Start the Kinney pump (22) by depressing 

the switch (25). This pump is a standard rotary 

pump. 

g. .Fully open control valves (1) and (2) in 

order to create a vacuum within the glass rev 

tainer (34). 

h. Open and close the control valve (3) 

quickly several times in order to apply the vacuum 

on the filling fluid slowly, without permitting the 

filling fluid to back up through hose (5) into the 

air lines and into the pump. Once this danger is 

over, fully open the control valve (3) so that an 

equal vacuum is applied to both sides of the filling 

fluid. The result of this procedure is that any air 

present in the filling fluid is removed through the 

hose (5). 

i .  Place the gyro unit in a horizontal position 

and slip the Kovar tubing attached to the glass bulb 

(13) over the copper tubing from the gyro unit. Heat 

the joint with a soldering iron before applying sold er 

to the joint. Leak test the joint by first sealing the 

gyro filling pin with the sealing screw (1, Fig. 7 -3)_ 

and then applying about one pound per square inch 

of helium through the glass bulb while the gyro 

unit and joint are immersed in hot water. 

._ 
. 
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j. Remove the packing screw (2, Fig. 7-3) 

from the bottom of the filling valve assembly (20, 

Fig. 7-1).  

k. Place an O-ring (3, Fig. 7-3) over the 

filling pin (5) of the gyro unit (ref. Fig. 2-18) so 

that it seats tightly against the base of the- 20-pin 

connector. Use a lubricant, such as Dow Corning 

7 Compound, as required to put on the O-ring. 

1. Screw the sealing screw (1, Fig. 7-3), 

with the sealing screw adapter (12) removed, into 

the filling pin of the gyro unit. 

m. Place the gyro unit (14, Fig. 7-1) in the 

filling fixture (33), aligning the key on the 20-pin 

connector with the keyway in the 20-hole receptacle 

in the base of the filling fixture and being sure 

that the gyro unit seats firmly into this receptacle. 

Under this condition, the filling pin (5, Fig. 7-3) 

will engage the filling valve assembly as shown in 

Fig. 7-3. Clamp the gyro unit into position by 

means of the clamp (16, Fig. 7-1) ,  which swings 

across the top of the gyro unit. 

11. Place an O-ring (4, Fig. 7-3) and the 

packing screw (2) over the sealing screw (1), which 

is projecting out the bottom of the filling valve 

assembly (20, Fig. 7-1) ,  and start to screw the 

packing screw into the filling valve assembly. 

Fasten the sealing screw adapter (12, Fig. 7-3) 

to the end of the sealing screw (1). Tighten the 

packing screw (2) with a wrench to the position 

shown in Fig. 7 -3. 

0. Secure the glass bulb (13, Fig. 7-1) in the 

holding fork (27). 

p. Connect the flexible hose (8, Fig. 7-1) 

between the glass bulb (13)and the control valve (6). 

q. Start the Megovac pump (21) by depressing 

the switch (26). This pump is a rotary pump. 

r .  Open control valves (6), (7), and (9) in 

order to create a vacuum within the gyro unit (14). 

When the pressure has been reduced by the 

Megovac pump to a Pirani gauge (36) reading of 

100 microns, start the diffusion pump (21) by 

depressing switch (28), and opening valves (38) 

and (39). 

5.  After all pumps have been operating for 

several hours - so that good vacuums have been 

obtained (Pirani gauge readings of 30 microns are 

not unusual) - close the control valve (3) and re- 

move the flexible hose (5) from the filling port (11). 

Note 
The McLeod gauge is used only for checking the 

Pirani gauge. It shows what‘the pressure was, not 

what it i s  at the time of observation. The McLeod 

gauge gives a discontinuous reading because of the 

time elapsed during which a sample of air. i s  taken 

and compressed to make a measurement. 

The difference in pressure created by the difference 

between the atmospheric pressure introduced 

through the filling port (11) and the vacuum within 

the glass retainer (34) will cause the filling fluid 

to flow through the glass filter (32) into the glass 

retainer (34). 

t. When at least 25 percent of the filling fluid 

has been pushed through the fritted glass filter (32), 

start filling the gyro unit by lowering the sealing 

screw (1, Fig. 7-3) and turning the hand wheel (7) 

on the filling valve assembly (20, Fig. 7 -1) 

counterclockwise. Then, increase the pressure in 

the glass retainer (34) by about7 inches of mercury. 

This action - accomplished by starting and stopping 

the Kinney pump (22) — will keep the pressure in 

the glass retainer, as indicated on the vacuum 

gauge (23), the required amount above the pressure 

in the gyro unit, as indicated by the Pirani gauge 

(36). This difference in pressure will cause the 

filling fluid to flow from the glass retainer (34) 

into the gyro unit and up into the glass bulb (13). 

Note 
Be careful not to exceed this differential pressure 

very much-as the gyro unit. will be filled too quickly 
As a result, any dirt deposits inside the unit that 

during normal gyro usage would stay in place might 
work loose and cause the gyro unit to functionim- 
properly. 

u. Continue the filling operation until the 

glass bulb (13) is approximately half full. The 

filling operation should require about 10 minutes. 

v. When the filling is complete, close the 

filling valve assembly (20) to shut off the filling- 

fluid line to the gyro unit. This is accomplished 

by turning the handwheel (7, Fig. 7-3) completely 

clockwise (as viewed in Fig. 7-1). 

w. Screw in the sealing screw (1, Fig. 7-3) 

and then remove the sealing screw adapter (12). 

x. Stop the Kinney pump (22, Fig. 7-1) by 

depressing switch (25). 

y. Remove hose (4) at valve (2) to introduce 

atmospheric pressure inthe line inorder to prevent 

the Kinney pump oil from coming up the line. 

Ill 



2.  Close valve (6). 

aa. Remove hose (8) at valve (6). 

ab. Turn off the heater switch (29). 

ac. At a temperature of 155° Fahrenheit on 

the gyro heater block thermometer (1'7)(about one- 

half hour after step ab), crimp the capper tubing 

at the top of the gyro unit just below the point where 

it is soldered to the metal tube at the base of the 

glass bulb (13). Unsolder the metal tube on the 

glass bulb from the copper tubing on the gyro unit. 

Then solder the end of the copper tubing on the 

gyro unit, so that this end connection is completely 

sealed. 

ad. Release the clamp (16, Fig. 7-1) and 

remove the gyro unit from the filling fixture by 

depressing the ejection lever (19). Wrap a towel 

around the gyro unit, as it is hot, and lift it out of 

the filling fixture. 

ae. With the 20-pin connector of the gyro unit 

upright, remove the O-ring (3, Fig. 7-3) and the 

sealing screw (1) from the gyro unit. 

at. Insert a filling screw into the filling pin 

(5, Fig. 7-3) on the gyro unit. At this time, it is 

not necessary to make the joint leak proof. 

Note 

The filling screw i s  a standard No. 0-80 NF-2 fil- 

lister head screw that has been modified with a 

chamfer at the base of  the head. The reason for this 

is that the filling piaon the gyro has a mating cham- 

fer. 

ag. Heat the gyro unit in anoven to 165° Fahr- 

enheit for approximately 15 to 20 minutes so that 
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any air or excess filling fluid will be forced out of 

the filling pin as the filling fluid expands. Wipe 

off any excess filling fluid around the filling pin and 

make the connection leak proof by threading the 

scr‘ew in as far as it will go and soldering the 

screw into the filling pin. The slot in the screw 

should be full of solder. Make sure that the top of 

the screw does not extend beyond the other 19 pins 

of the connector. 

ah. Turn off the diffusion pump by means of 

switch (28). 

ai. Depress the Megovac pump switch (26), 

provided about one-half hour has elapsed after 

step 2. 

aj. Quickly, open valve (6) to allow atmos- 

pheric pressure to go to the diffusion pump. This 

prevents the oil in the Megovac pump from being 

siphoned into the diffusion pump and damaging the 

pump. 

ak. Close the cooling water valves (38) and (39). 

7—15. MAKING THE FINAL ELECTRICAL CHECK. 

7-16. As a final electrical check, test the gyro 

unit in accordance with Tables 4-2 and 4—3 (ref. 

paragraphs 4-37 and 4-48). Enter the results in 

the Assembly Record Book. Then recheck the 

centering of the Microsyn units in accordance with 

the procedure of Section VI. This completes the 

assembly procedure for the M. I .  T. ZOIG Integrating 

Gyro Unit. 

‘ 
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SECTION VIII 

TESTING PROCEDURE 

8-1. INTRODUCTION. 

‘ 8—2. This section describes the series of tests and 

associated procedures that are made on assembled 

201G gyro units at the Instrumentation Laboratory, 

M . I . T .  There are 16 distinct procedures inthis 

series. Taken together, they comprise the com- 

plete testing procedure for the 201G unit. Explan- 

atory information, a list of equipment, initial con- 

ditions, and a step-by-step set of instructions is 

included for each procedure. Typical data taken 

during an actual testing procedure are included 

where applicable, in order to give test personnel 

an indication of results to be expected. 

8—3. The information given in this section has 

been prepared specifically for use in carrying out 

the testing procedures. In general, therefore, 

discussions of gyro unit operation, applications of 

gyro units to Operating systems, and theoretical 

analyses have been omitted. Such information, as 

it pertains to the testing procedure for the 201G 

gyro unit, is quite adequately covered in the Insti- 

tute of the Aeronautical Science' s Sherman M. Fair- 

child Fund Paper No. FF-13 and also in Instru- 

mentation Laboratory Report R-91 (ref. Section I). 

8-4. TESTS TO BE PERFORMED. 

8-5. The various tests and associated procedures 

to be performed are listed below, in the order in 

which they should be made: 

a. Selection of the signal generator quadrature 

resistor. 

b. Alignment of the input axis. 
c.  Application of compensation to the torque 

generator prior, to making mass unbalance adjust- 

ments. Note 

As stated in Section II, the Microsyn torque motor 

is also commonly known as a torque generator. This 

device has been referred to as a torque motor in the 

preceding sections on assembling the 2010 unit in 

orderto be consistent with the nomenclature assigned 

to the various components by the working drawings 

of the unit. For convenience in making use of related 

material in the publications noted in paragraph 8-3, 

however, the designation used in those publications - 

torque generator- will be used throughout Section-VIII. 

d .  Mass unbalance adjustments without earth- I 

rate effect. 

e .  Mass unbalance adjustments with earth- 

rate effect. 

' f .  Determination of the excitation current 

squared — reaction torque sensitivity of the signal 

generator. 

g. Determination of the excitation current 

squared — reaction torque sensitivity of the torque 

generator. 

h. Determination of the angle-torque sensi- 

tivity of the elastic-restraint-producing compo- 

nents. 

i .  Determination of the angular velocity — 

voltage rate sensitivity of the gyro unit. 

j. Determination of the current squared — 

voltage rate sensitivity of the gyro unit. 

k. Determination of the current squared - 

angular velocity sensitivity ratio of the gyro unit. 

1. Determination of the base angular velocity - 

controlled-member angular velocity sensitivity 

ratio of the gyro unit. 

m. Determination of the gravity-sensitive 

drift rate, compensated and uncompensated. 

n. Determination of the nongravity-sensitive 

drift rate, compensated and uncompensated. 

0. Final balance trim. 

p. Determination of the characteristic time. 

Note 
A tabulation of conditions for each procedure is 
provided by Table 8-1 for the purpose of presenting 
an over-all picture of the testing procedure. 

8-6. MINIMUM PERFORMANCE STANDARDS. 

8-7. An examination of the requirements of the 

system in which the tested gyro unit is to be used 

would have to be made before minimum perform- 

ance standards for the gyro unit under test could 

be established. Typical examples of applications 

of gyro units may be roughly listed as follows: 

a. Stabilization equipment. 

b. Autopilots. 
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Table 8-1. Tabulation of test conditions. 

a 

8 '3 '- 
1'. ' ,2 ’i 3 : -;-; g 

e o g a a U E u- a . -  

5 5 '51.: §§ t o i 33 E a 5 a 
u- “ : -  D. g V ?  II 0 2 C C O :5 I I.“ ’ o a U \  a... o c -o 5 t: Y - ‘3 “' 5 ‘5 3 " o 
= .3 63%.: 0-9:: o-2° 0'3 " 0 ‘ 5  ‘3 2‘3 .9: .. - .°v a t ;  -.§.f a; 3.? SE1; *- 2.; 
a 0 ‘ 9 0  E B F  3 . 5 “  E U ’  5 . 2  2 - 5 . ;  0 E o .. ‘5 T”, c 5. s2. .2...x a an: act .2; .26.: a: :5 

Selection of the signal generator 
. quadrature resistor Any No No Yes Yes No Yes No No _ Y“ 

Alignment of the input axis SA-Vert No Yes Yes Yes No No No No Yes 
Application of compensation to the , ~ — . 

torque generator prior to making OA-Vert mass unbalance adjustments lA-EW Yes Yes Yes Yes No No Yes No Yes 

Mass unbalance adjustments with- SA-Vert out earth-rate affect I A-EW Yes Yes Yes Yes No No Yes No Yes 

Mass unbalance adjustments with lA-Vert. Yes Yes Yes Yes No No Yes NO' Yes 
earth-rate affect SA-Horiz 

Determination of the excitation 
current squared-reaction torque OA-Vett Yes Yes Yes Yes No No Yes No Yes 
sensitivity of the signal generator lA-EW 

Determination of the excitation 

current squared-reaction torque OA-Vert Yes Yes Yes Yes No No Yes No Yes 

sensitivity of the torque generator lA-EW 

Determination of the angle-torque 
sensitivity of the elastic-restraint OA-Vert Yes Yes Yes Yes Yes No Yes No Yes 

producing components lA-EW 

Determination of the angular ve- 
locity — voltage rate sensitivity 
of the gyro unit _ IA-Vert No Yes Yes Yes No No Yes Yes Yes 

Determination of the current 
squared - voltage rate sensitivity IA-Vert No Yes Yes Yes No Yes No No Yes 
of the gyro unit (Variable) 

Determination of the current 

squared - angular velocity sen- IA-Vert Yes Yes Yes Yes No Yes No No Yes 
sitivity ratio of the gyro unit (Variable) 

Determination of the base veloc- 
ity - controlled member angular 
velocity sensitivity ratio of the IA-Vert Yes Yes Yes Yes No No Yes Yes Yes 
gyro unit 

Determination of the gravity- - 
sensitive drift rate, compensated SA-Vert __Y_¢,S,"," and uncompensated I A-EW Yes Yes Yes Yes No No No No Yes 

Determination of the nongtavity- Y " 

sensitive drift rate, compensated OA-Vert ___‘E_ 
and uncompensated IA-EW Yes Yes Yes Yes No No No N° Y” 

SA-Vert 

Final balance trim ”FEW Yes Yes Yes Yes No No Yes No Yes 
IA-Vert 

t[i)l;teermination of characteristic lA-Vert Yes Yes Yes Yes No No Yes xfWVHD _ No Yes 

" Using circuit arrangement of Fig. 8-2, except for the characteristic time test, for which Fig. 8-26 applies. 

*‘ "Yes” for compensated; "No" for uncompensated. 

c .  Fire control equipment. 8-8. BASIC TEST SETUP. 

d. Stable verticals- 8-9. The servo-controlled turntable and associated 

Since the minimum performance standards for gyro equipment shown in Fig. 8-1 comprise the basic 

units vary in accordance with their application, test setup used to carry out the procedures listed 

no specifications can be set down here. However, in paragraph 8-5. The essential components of the 

as an example of performance standards that might basic test setup are as follows: 

be expected for a particular application, Table I of a.  Servo-controlled turntable assembly. 

Report R-91 is included here as Table 8-2. b. Gyro mounting package. ' 
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Table 8-2. Typical performance specifications for a ZOIG gyro unit (Table I of M.I.T. Instrumentation Laboratory Report R-9I). 

SUGGESTED SPECIFICATIONS FOR Board STANDARD INTEGRATING GYRD 2016 (Page I of 2) 

(Use MIL-F-I8870 (NONI) for specifications not listed here.) 

'3. PHYSICAL SPECIFICATIONS - size 20 (2-inch diameter), square-flange mounted, hermetically sealed, terminal plug on flange end. (See Fig. 14-) 

II. WERATING 
SPECIFICATIONS 

(1) 
Type 

(2) 
Terminal: at Plug 

(electricall independent 
of case) (See Fig. 6.) 

(3) 
Insulation Check‘ 

(measured at operating 
temperature) 

(4) 
Electrical Specifications 
(measured at operating 

temperature) 

(5) 
Nominal Operation 

(to meet specifications 
under Parts III and IV) 

(5) 
‘ Notes 

A.GyroSpinMotor 2-phase synchronous (speed 
or momentum not specified) 

3 terminals Pemeen circuit and case: 

No breakdown for 1' min- 
ute at 120 volts a-c 

Insulation to be 1 megohm 
or greater at 120 volts d-c 

130 1 10% ohms per phase at 
400 cps 

Effective electrical Q per 
phase when running with 400 
cps: 0.5 < Q < 2 

400 cps 1 0.05% 

16 1 5% volts per phase 
3 1 20% watts total 
2 phase: 90° 1 20" 

(for positive rotation) 

1. Must reach synchronous :peed within 30 see 
after application of 400 cps power.‘ 

2. Must operate synclxonously over an electrical 
input frequency range from 200 to 800 cps. 

3. Signal Generator Microsyn (a-c signal propor- 
tional to angle, excitation 
current, and frequency) 

Excitation Circuit: 
4 (circuit terminals. center 
tap, and quadrature tap) 

Signal Circuit: 
3 (circuit terminals and 
center tap) 

Between circuits, and from 
each circuit to case: 

No breakdown for 1 min- 
ute at 500 volts a-c 

Insulation to be 3 megohrn 
or greater at 500 volts d-c 

Excitation Circuit: 
16 1 10% ohms at 400 cps 

9 1 10% ohms cl-c‘ 

Signal Circuit: 
1600 1 10% ohms at 400 cps 
530 1 10% ohms d-c' 

Excitation: 
400 cps 1 0.5% 
100 ms 1 1% 
less than 15 harmonic 

distortion 

Signal: Load impedance: 
20 K or greater 

1. Must give a usable signal over a frequency 
range from 60 to 2000 cps» 

2. Must be able to operate continuously at 400 cps 
over an excitation can-eat range from 0 to 400 
file 

3 (circuit terminals and 
center tap) 

Insulation to be 3 megohm 
or greater at 500 volts d-c 

14001103 ohmsat400cps 
500 1 10% ohms d-c‘ 

as). Torque Microsyn (torque proportional Excitation Circuit: Between circuits, and from Excitation Circuit: Excitation and signal cut- 1. The excitation curentrms magnitude dependsupon 
Generator to product of excitation cut-- 4 (circuit terminals. center each circuit to case: 150 1 10% ohms at 400 cps tents of the same frequency, the maximum rate required by each particular ap- 
(I-c “elation. rent and signal current. and tap. and quadrature tap) No breakdown for 1 min- 70 1 10% ohms d-c' 400 1 5% cps plication. This maximum rate is usually achieved 

2016‘) independent °f rotor “519) Signal Circuit: “‘9 0‘ 50° W1“ *‘C Signal Circuit: Magnitude: see note 1. “MI “3“,! signal “‘1 “elm“ mm" Maxi- 
3 (circuit terminals and insulation to be 3 megohm. 140 1 10% ohms at 400 cps Distortion: "3 note 2. mum Foam” "'2” up' to .2" ."d/m crates- “am up) M ”at" n 500 “I" d—c 50 :t: 10,; ohms d.ce _ ' . . . pondmg to 160 ms in both circuits are possible. 

Phase: "cm” and ' “I 2. Total harmonic distortion in current waveform 
“men" “fl?" or o W‘ must be within 1% of the actual magnitude. 
of phase "mm 1 2'5 3. Must give usable torque output 0"! I frequency 

range from 60 to 2000 cps. 

C(b). Torque Microsyn (torque proportional Excitation Circuit: Between circuits, and from Excitation Circuit: Excitation and signal cir- 1. The excitation current magnitude depends upon 
Generator to mother of excitation cut- 4 (circuit terminals, center each circuit to case: 1500 1 10% ohms at 400 cps cuita direct-current the maximum rate required by each particular q- 
(d-c excitation rent and signal current, and tap, and quadrature tap) No breakdown f“ 1 min- 700 1 10% ohms d-c‘ Magnitudes: see note 1' plication. This maximum rate is usually achieved 
20l) independent of rotor angle) Signal Circuit: are u 500 volt' a-c Signal Circuit: with equal signal and excitation currents. Maxi- 

mum continuous rates up to 2.5 rad/sec corres- 
ponding to 50 main bath circuits are possible. 

2. Must be adaptable to conventional hysteresis 
erasing circuits. 

D. 'l'hertnal Control Heater not part of gyro. Heater 
andcontrol to be chosen by 
user. Temperature-sensitive 
resistance element to be' built 
into each gyro near damping 
gap. May be used for coptrol 
purposes if desired by user. 

2 terminals for cooperative- 
semitive element 

From temperature-sensitive 
element to case: 

No breakdown for l min- 
ute at 500 volts a-c 

or greater at 500 volts d-c 
Insulation to be 3 megohm‘ 

Temperature-sensitive element 
to have 730 1 10% ohms' at 
170°F and a gradient of 
1.5 1 10% olans per degree F. 

170 1 1’1“ controlled either 
by an art-off or proportional 
heater controller, and meas- 
ured at gyro case surface 
near center of unit. 

1. Heat to be supplied symmetrically about the gyro. 

2. Actual resistance of temperature-sensitive ele- 
ment within 0.2% to be supplied for each pro 
for the nominal operating temperature, i.e.. that 
temperature at which final gravity balance was 
undertaken. 

E. Trim Adjustments l. Gravity balance adjustments that are available to manufacturer on complete unit are optional. However. this adjustment should not normally be 
required during life of gyro. 

2. No external padding adjustments on Microsyns should be required to meet performance specifications outlined in Part IV, although such adjustments n 
may be made by user to’improve performance. 

F. Life 1. Shelf life must- be at least 3 years. 
2. Gyro must meet performance specifications for at least 2000 hours of gyro-wheel operation. 

6. Environment 1. Ambient temperature range: Not specified; dependsarpon the-a1 control used. 

2. Heat cycles: 

3. Qrick warmup: 

4. Humidity: No effect 

5. Ambient pressure: No effect, 1 1 annaphere gage. 

6. Vilxation: - 

7. Acceleration: - 

g
-a

 

. Notes on temperature: (a) the gyro must not be 
permanently damaged by 1 hour of operation at 
200°F. (b) it can be expected that the use of 
heaters can control the gyro at 170°F under 
normal operating conditions with equal to e 
generator currents corresponding to 2.5 ' as 
per second in an ambient temperature as high 
as 140°F. This is while the gyro is mounted in 
the standard test block in still, open air with 
ten conduction from the block initiated. 

* Every gyro unit must be tested for sections or individual items marked with a single asterisk. 
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Table 8-2. Typical performance specifications for a ZOIG gyro unit (cont). 

SUGGESTED SPECIFICATIONS FOR BuOrd STANDARD INTEGRATII'B GYRO 2016 (Page 2 of 2) 
(Use IIlL-F-I8870 (NOrd) for specifications not listed here.) 

III. FUNCTDNAI. SPECIFICATIONS , Value Unit to Unit Variation Variation in One Unit over Operating Range Itotes 
(At miool operation conditions under Part II, Column 5) 

A. Ratio o f '  input axis ugular velocity no equivalent 2016a 0.1 milliradisn/ second 1: 5%. :t 0.2% “10' 0.5 radian See Part 1V, Item D 
“ q “  a ” !  men: m 9  (SR )(OB)[12;WI millimpel’ez m “ c a m  'fi l : iud ” m m  u p "  

. . . vo e at 
20l 1.0 W e 58' n 0.2:; below 1.0 $3 ' 

milliamperea secon 

B. Ratio of gyro signal output to irput angular velocity,5(qu)[w’;] 25 millivoltsfisecond V :l; 10%. :l: 5% 
second 

C. Ratio of gyro output gimhal angle rate to lupin-axis angular velocity, 1.1 or less 

stauIIWri] 
lar rotation limit of gimhal about output axis away from signal 7.5 degrees 1; 2.5 degrees 

, either direction.‘ 

E. Characteristic time (CT) (an) (equivalent first-order time constant) Less than 0.005 second Experiments“, determined. 

IV. PERFORMANCE SPECIFICATIONS ' 
(At standard oporoting conditions undot Part II, Column 5) 

A. input axis alignment 
with gyro case references. Maximum error in alignment of IA about SRA: 1 l milliradisn 
(as indicated in standard . - - : - - alignment tut block) Maximum error in altgnment of IA about 0A 3 2 millrradlan 

B. ‘ . - - - - quadrature component 7 millivolts or less 23:1“??? 1 From signal generator alone with nominal excitation {harmonic “”0"“: 2 mill ivolts or less 

minimum ems output) 2. Pickw from wheel and torque generator alone. operating at nominal power and frequency: 4 millivnlts or less 

3. Total null: 9 millivolts or less‘ (with all too-cps excitations from the some reference simply) 

c. Drift rate (lnptlt' . Nongravity-sansitive component . . . . Indicated drift rate with In at axis 
eel. case angular tantrum-8min" variation as a tunction ol signal “WWW““V' “WW" "I" vertical or spin reterenoa’atia velocity necessary component - at strut null” generator output voltage 1 I i" '“Y ""4 "mm" vertical 
3&3”?k At nominal operat- Maximum drift rate 0.3'mfiiradian/second' 2.0 milliradian/secnnd within 0.1 milliradian/second' l' _ . h if' . 
RIM) ing “04mm“ 3: 50% of signal generator “91:31:: ' e 'P“ restrons 

(except torque . range at t 

Sign”: “mm. Maximum exclusions 0.01 ‘ g fim m fi  in 1 :0" 0,014 flg‘dlwu“: i. 1 z". 

' with time (with gyro 0.03 to ocean in 1 sy 0.042 ad seen in i y 
continuously at 0.1 milliradian/second in 1 month N“ mined N” ”am“ 0.14 milliradian/second in 1 math 
operating temperature) ' 

Variation with 
signal generator 

(Fixer: malignant voslaa‘ge llrrittlin' I 
can a p or t o a gna Uncertainty varIat on Percentages of the rate achieved 

Due—y to excita- when the signal current equals.l the MI.“ out) range) (“I l b. “in“ “II 
9g gm excitation current. Maximum v ues zorc r _ 

““1“ 33"“ mourned at signal generator . (a-c torque generator) 15' 5% 0 02% 

voltage null." 0.5% without hysteresia 

2016b (doc torque eneratnr)r 15' 5% erasing 
' ‘ 0.025 with hysteresis 

erasing 

D. Linearity Torque Generator Equivalent Rate in radians/second 

0°;L__.t___9_-.5__ '2 I 4i .‘i 10 
Percentage deviations in the ratio of input angular velocity to equivalent '5' :l: 0i 2“ l K X i  

torque motor «meat product, (SR) (“mg“), from the average value meas- :1": -2 . 
uredhetweenO..2andOSradian/second.‘l‘orquemotorcircuitsshouldbe 5 - 4  ZOIGra-ctorquneneratar‘ \ 
connected in series for equal currents. Percentage deviations to be less E 20l. d-c ”:1“ generator I \ 

than or equal to the values shown. Filled drift rates may be subtracted 9 5 
from the measured angular velocity to compute the sensitivity ratio. In ' 

regions wher:.0.2% tolerance is indicated, the gyro output signal is to he g -8 Noximtuo continuous rate__ 

ltept at null. g -10 as radians/second ‘ll 

" l l l --12 

L
il

 

:Evorygyrounitmustheaestedforsections orindividual itemsmarkedwithasingle astedsk. 
°'OperationatgyaunuilheremeansnpenationwithasignalgeneraonrvoltageeqnaltoariessdtanSIal thesmnlleratths voltagesprnduaedvhenthegyroisateithorsaop. 



c .  Test console. 

d.  Rate table assembly. 

e.  Auxiliary electrical equipment. 

Note 

Unless otherwise indicated, all tests are performed 

with the equipment connected in accordance with 

Fig. 8-2. 

8-10. SERVO-CONTROLLED TURNTABLE AS- 

SEMBLY. Figure 8-3 is a pictorial view show- 

ing the servo-controlled turntable assembly. A 

cutaway view is included to show the slip-ring 

assembly. The turntable achieves smooth operation 

over an angular velocity range from 0.01 milliradian 

per second up to 5 radians per second. The servo 

amplifier (located in the test console) that sup— 

plies the power to the servo drive motor receives 

its input signals from the signal generator of the 

gyro unit. The gyro unit, the servo amplifier, and 

the turntable assembly (which includes the servo 

motor) form a closed loop to operate as a servo 

system. By design, this system achieves smooth, 

steady angular velocity control at a small indi- 

cated error from the gyro unit, rather than fast 

dynamic response, since all tests using the servo 

loop are for steady—state angular velocity. The 

turntable assembly incorporates a direct-drive 

motor having a common shaft connection between 

the motor rotor and the turntable. Since continuous 

rotation of the turntable is highly desirable, an 

adequate number of slip rings are provided on the 

turntable axis to bring electrical connections from 

the gyro unit to the associated electrical equipment. 

v 
OSSEILLOJ To 

OPE GYRO UNIT 
TO HORIZONTAL INPUT _ VERTICAL/ 

. \ P INPUT 
S SIGNAL _ |  : 2 2. 

BEAT - MILLIAMETER I 

FREQUENCY GENERATOR PRIMARY SECONDARY ERROR 5'6”“- EXCITATION OSCILLATOR AMPLIFIER GND 
A OR G3 PI S,I 

PLEA!) PHASE SIGNAL GENERATOR . 
l H . 

LAG LEAD WHEEL VOLTMETER: 
WHEEL PHASE N 0R G: LAG ' 

AMPLIFIER GND B OR 62 

r— INPUT To 
SERVO 

AMPLIFIER 

TORQUE T1 Ta 
GENERATOR AMPLHER I PRIMARY 3 E SECONDARY 

“'- baO | T2 T 4 

[- — — — — —  -l J TORQUE GENERATOR 

l '— _ _ _ _ _  
I I TURNTABLE j 

l J ' §ERVO MOTOR 
T CONTROL WINDING . L k EXCITATION PHASE E / 

Ti exgEiwo \ I ATION 
I I AND 133: “3 E , TACHOMETER 
I | SERVO FEEDBACK 

D-C EXCITATION _l AMPL'F'ER “N """""V’ 
SOURCE IF D-C- - — | 
TYPE TORQUE _l 

GENERATOR - — — 
IS USED 

Note: The rate table, its drive motor and associated equipment are not shown since they operate independently 
of the components shown here. 

Fig. 8-2 .  Schematic diagram of the interconnections between components in the basic test setup. 
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GYRO MOUNTING PACKAGE 
(ALSO CALLED THE 

TEST BLOCK) 
Note: The gyro unit is mounted 

in the test block. 

FEMALE RECEPTACLE PLUGGED INTO 
THE 20-PIN CONNECTOR OF THE 

GYRO UNIT 

TURNTABLE 

MICROSCOPE 

I 

II To TEST 
, H CONSOLE 

.I/ 

SERVO MOTOR 
HOUSING 

SLIP RING ASSEMBLY 

Fig. 8-3. Pictorial view of the servo-controlled turntable assembly and the gyro mounting package. 

8-11. The turntable assembly is designed so that 

it can be readily mounted on the rate table assem- 

bly in either of two positions: 

a. With the turntable axis vertical. 

b. With the turntable axis horizontal. 

8-12. The best way to measure accurately the 

angular velocity of the turntable under steady-state 

conditions is to time the angular increments of the 

turntable with respect to the base. For high angu- 

lar velocities, a cam-operated switch can be used 

to trigger a precision timing equipment. A single 

cam is used to time integer revolutions; for smaller 

angular increments, two cams can be used, but 

they must be similar and accurately located to the 

required precision. For low angular velocities, 

the cam method requires excessively long time 

intervals, so that the use of a microscope and a 

precision engraved scale is more convenient. The 

reticle increments in the microscope should be 

small enough so that very low angular velocities 

can be measured conveniently. In all cases, the 

timing interval must be long enough to achieve the 

required accuracy of the measured result. For 

manual timing, accuracy is limited by the con- 

sistency of human reaction time. About 0.1-second 

timing accuracy is the best that can be expected 

from experienced technicians. This means that for 

measurements of 0. 1 percent accuracy, the timing 

intervals must be at least 100 seconds long. 

8-13. GYRO MOUNTING PACKAGE. Figure 8-3 

shows the gyro mounting package fastened to the 

turntable. The purpose of the gyro mounting 

package is to enable the gyro unit to be positioned 

in proper alignment with respect to the turntable. 

The mounting package also contains the necessary 

temperature control components. This package has 

the.shape of a right rectangular block, with a cylin- 

drical bore in which the gyro unit is mounted. The 

gyro mounting package may be considered to be a 

standard alignment test block for the gyro unit. 
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This standard test block must be used for the input- 

axis alignment procedure of the gyro unit, and it is 

very convenient for all the other procedures. In 

the test block, the gyro input axis is accurately 

aligned perpendicular to one face of the test block. 

This is the reference surface upon which the test 

block is fastened to the turntable when this table is 

servo-controlled by the gyro, since for this opera- 

tion the input axis must be parallel to the table 

axis. By fastening either of the other two refer- 

ence surfaces of the test block to the turntable, 

either the output axis or the spin reference axis 

can be set parallel to the turntable axis. 

8-14. TEST CONSOLE. Figure 8-4 is a pictorial 

view showing the components of the test console. 

The important controls, switches and components 

are identified on the figure. Compare this figure 

CONNECTIONS FOR 
HORIZONTAL INPUT ___. 

TORQUE-EXCITAT ION 
SWITCH 

L 
x L h \ g "  

m PATCH PANEL 

' PLUS-MINUS SWITCH 
TO OSCILLOSCOPE 

CONNECTIONS FOR 
VERTICAL INPUT 

TO OSCILLOSCOPE 

/ 

SERVO DRIVE ’ 
AMPLIFIER 

EXCITATION CONTROL “T 

EXCITAT ION CONTROL " 

WHEEL AMPLIFIER / 

POWER SWITCHES ’ 

POWER SWITCH ES < 

fl SERVO 
EXCITATION PANEL 

POWER SWITCH 
/ 

TORQUE GENERATOR 
/ EXCITATION AMPLIFIER 

— POWER SWITCH 

COMPENSATION ADJUSTMENT 
POTENTIOMETER 

"" COMPENSATION 
CIRCUIT SELECTOR 

\ SIGNAL GENERATOR 
EXCITATION AMPLIFIER 

POWER SWITCH 

/
"

/
 

QUADRATURE ADJUSTMENT 
POTENT IOMETER 

/ 

QUADRATU RE 
CIRCUIT SELECTOR 

/ 

POWER SUPPLY 

‘\ BEAT FREQUENCY 
AUDIO GENERATOR 

Fig. 8-4. Pictorial View of the test console. 
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with Fig. 8-2 to see how the various components 

shown fit into the basic circuit arrangement used 

for the testing procedure. 

8-15. RATE TABLE ASSEMBLY (ref. Fig. 8-1). 

This assembly comprises a rate table, a drive 

motor and associated controls and auxiliary equip- 

ment, all housed as an integral unit. The rate 

table is mounted horizontally and spins about a 

vertical axis. The angular velocity of the rate table 

has been accurately calibrated. This angular veloc- 

ity is adjustable, in steps, from O. 0255 to 418. 88 

milliradians per second. The direction of angular 

rotation is reversible over the entire range of 

speeds. The rate table is used to impart an angu- 

lar velocity to the entire servo-controlled turntable 

assembly, as is required for some of the proce- 

dures listed in paragraph 8-5. 

8-16. CIRCUIT ARRANGEMENT OF THE BASIC TEST 

SETUP. 

8—17. Figure 8-2 shows schematically the impor- 

tant features of the circuit arrangement used for 

the testing procedure. The equipment to supply the 

excitation current to the gyro wheel and the signal 

generator is straightforward. A common 400-cps 

precision reference frequency is required. The 

excitation currents and the temperature control of 

the gyro conform to operating conditions like those 

of Table 8-2, Column 5. 

8-1 8. The torque generator currents must be either 

alternating or direct, depending upon the type of 

torque generator used in the gyro unit being tested. 

The a-c frequency for the torque generator in a 

2016a gyro unit is identical with that used to excite 

the gyro wheel and signal generator. The use of 

direct current for the torque generator in a 2016b 

gyro unit when a fixed excitation is employed intro- 

duces the problem of magnetic hysteresis effects 

when a high maximum-to-minimum rate ratio is 

required in operation. This hysteresis can be 

effectively erased by any one of many methods. 

A simple hysteresis erasing circuit is given in 

Fig. 8-5. 

8-19. During some test procedures, the output of 

the signal generator is used as an input to the servo 

drive amplifier. The signal generator signal then 

becomes nulled as a result of torque feedback 

within the gyro unit. This is provided by the pre- 

cession of the gyro rotor in response to the angular 

velocity of the turntable. 

EXCITATION 
CIRCUIT 

SIGNAL 
CIRCUIT i 

200.300 (2 0.5 mid 
vans l -: CAPACITOR 

DC I T 450 w. v. 
I SUPPLY 0—7 *0 

DOUBLE-POLE, DOUBLE-THROW SWITCH, 
SHOWN IN CHARGE POSITION. TO OPERATE 
HYSTERESIS ERASE CIRCUIT, PUSH SWITCH 
UP MOMENTARILY. 

Fig. 8-5. Schematic diagram of a simple hysteresis erasing 
circuit. 

8-20. PRELIMINARY CONDITIONS. 

8-21. GENERAL. Prior to performing any of the 

tests, it is necessary that the gyro unit be stabilized 

thermally and mechanically, and that a check of the 

electrical circuits be made. The gyro unit is sta- 

bilized thermally during tests by means of the 

test block, which maintains the gap temperature 

at 160° F.  The gyro unit is stabilized mechanically, 

or run in, by a process called "yozzling. " 

8-22. ADJUSTING AND MAINTAINING THE GAP 

TEMPERATURE. The temperature of the gap 

must be adjusted to and maintained at 160° F. ‘ The 

equipment required is as follows (ref. Fig. 8-6): 

a. Rubicon Wheatstone Bridge. 

b. Magnetic amplifier. 

c .  Double-pole, single-throw relay. 

d. Double-pole, double-throw switch. 
e. Three 380-ohm resistors. 

f .  Milliammeter. 

g. loo-ohm variable resistor. 

8-23. The detailed steps of the procedure are as 

follows: 

a. Connect the equipment as shown in Fig. 8-6. 

h. Switch the temperature-sensing element 

(the sensing-coil wire located in the gyro unit) into 

the magnetic amplifier bridge circuit that is formed 

with R1, R2, R3 and R4. ‘ 
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Note 

The resistance of the sensing-coil wire varies up- 

ward or downward in. direct proportion to the gap 
temperature. This variation has been plotted in the 

form of a calibration curve (see Fig. 8-7) for the 

standard length of the sensing—coil wire used in each 

gyro unit. 

c .  Adjust the variable resistor, R4, to its 

midrange position. 

d .  Apply 60-cps power and 400-cps power as 

shown in F i g .  8 -6 .  

e .  Allow the test block to warm up until the 

relay de-energizes. 

f. Adjust the controls of the Wheatstone bridge 

( r e f .  F ig .  8-8) to give a known resistance identical 

with that found from the experimental curve at 

160° F .  As can be seen from Fig .  8 -7 ,  this value 

i s  387 : 1  ohms. 

g .  Switch the sensing element to the Wheatstone 

bridge. If the gap temperature i s  at 160° F ,  the 

bridge will be balanced — that i s ,  no current will 

flow through the bridge galvanometer. The needle 

on the scale will then show zero def lect ion when 

the GB button i s  depressed.  If the needle swings 

to the right, the gap temperature i s  less than 160° F .  

If the needle swings to the l e f t ,  the gaptemperature 

i s  more than 160° F .  

h. Note whether the gap temperature is at 

160° F ,  above 160°F or below 160° F .  

i .  If the gap temperature is at 160° F ,  switch 

the sensing element back into the magnetic ampli- 

fier bridge circuit. The adjustment is  now at an 

end and the temperature will be maintained auto- 

matically at the correct level by the operation of 

the magnetic ampli f ier  bridge circuit. This is  

because any change in the gap temperature will 

unbalance the bridge circuit and cause the heaters 

in the test block to operate until the bridge circuit 

i s  once again in balance. 

j. If the gap temperature i s  below 160° F ,  

switch the sensing element back into the magnetic 

amplifier bridge circuit and slowly turn the variable 

resistor, R4, in one direction (and if necessary in 

the other direction), until the relay i s  heard to 

energize. 

k .  Stop turningthe variable resistor, R4, and 

allow the test block to warm up,  until the relay is 

heard to de-energize.  

1. Repeat steps g through R until the desired 

160° F gap temperature has been attained. 

m.  If in step h the gap temperature was found 

to be higher than 160° F ,  proceed as follows: 

11. Switch the sensing element back into the 

magnetic amplifier bridge circuit and slowly turn 

the variable resistor,  R4, in one direction (and if 

necessary in the other direction), until the relay 

is  heard to energize. 

x 
I I WHEATSTONE 

x2 BRIDGE 

—O O 

DOUBLE-POLE, 
DOUBLE-THROW 

SWITCH 

SENSING 
g ELEMENT 

(GYRO) 
NOV 0-: 

IISVa-c 60ers  . _ _ _ _ _ _ _ _ . _  
400 cps  

L“: xfWVHD° $3 HEATERS 
28V d-c o/I’ c 

: TEST BLOCK 

MAGNETIC 
AMPLIFIER ? 

E 
I RI R2 R3 - FIXED RESISTORS APPROXIMATELY 380 t: 5% OHMS 

R4 — VARIABLE RESISTOR APPROXIMATELY IOO OHMS 
SENSING ELEMENT — BALCO WIRE — 3870HMS AT I60°F 

RELAY 

Fig. 8-6. Schematic diagram of the arrangement used for controlling the temperature in the test block. 
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Fig. 8-7. Calibration curve giving the variation of the resistance of the sensing-coil wire with changes in-the gap 
temperature. 

A B A  ? ‘ 

_J  
# x 

E 9 x 1 0 0 0  ) 9 x 1 0 0  

66... 
Resistance Measurements: 

Connect the unknown resistance to posts X1 and X2.  Set the ratio 

dial in accordance with the accompanying table. Vary the rheostat 

dials until the galvanometer shows no deflection when the GB key is 

closed. The unknown resistance equals the rheostat setting times the 

ratio dial setting. 

I e e l 
9 x 10 

Q 9  ) Wheatstone Bridge 

Catalog No. l 0 5  2 

Rubicon Company 

Unknown Resistance 

Below 

1 0 ohms to 

1 0 0  ohms to 

l 0 0 0  ohms to 

1 0 0 0 0  ohms to 

1 0  ohms 

1 0 0  ohms 

1 0 0 0  ohms 

1 0 0 0 0  ohms 

1 0 0 0 0 0  ohms 

1 0 0 0 0 0  ohms to 1 0 0 0 0 0 0 3 t  

‘ 1 0 0 0 0 0 0  ohms to 1 0 0 0 0 0 0 0  ohms 

Fig. 8-8. Schematic diagram showing the details of the Wheatstone bridge arrangement. 
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Ratio Setting 

0 . 0 0 1  
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1 0  

100 

1 0 0 0  
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0. Back down the variable resistor slightly 

until the relay de-energizes. Note the direction 

in which the control shaft of the variable resistor 

was turned. 

p. Stop turning the variable resistor, R4, and 

allow the test block to cool until the relay is heard 

to energize again. 

q. Repeat steps g, h, and m through p, as 

required to attain a gap temperature of 160° F. 

r .  When the gap temperature reaches 160° F, 

the adjustment is at an end, and the magnetic ampli- 

fier circuit will automatically maintain the tempera- 

ture at the desired level. 

8-24. YOZZLING. The term "yozzling" means 

driving the floated units assembly of the gyro unit 

from stop to stop by means of a direct current ap- 

plied to the torque generator windings. A direct 

current of 3 volts is obtained by connecting four 

1.  5-volt dry cells in the series—parallel arrange- 

ment shown in Fig. 8-9. To obtain the required 

change in polarity of the direct current, a multi- 

vibrator is used. This electronic device controls 

a double-pole, double-throw relay—actuated switch 

that is connected across the 3-volt output of the 

dry-cell battery in the manner shown in Fig. 8-9. 

This arrangement is used regardless of whether 

the torque generator of the gyro unit is energized 

with direct current or alternating current. 

8-25. A constant flux occurs through the primary 

windings between terminals T1 and T2, regardless 

of which direction the switch is thrown. The direc- 

tion of the current is from T3 to T4 when the relay 

is in its unenergized position; conversely, the 

current flows from T4 to T3 when the relay is 

energized. When the relay changes position, the 

flux direction through the secondary windings 

changes direction while the flux direction through 

the primary remains the same. As a result, the 

rotor of the torque generator turns first in one 

direction and then the other. Since the rotor of 

the torque generator is mounted on the shaft of the 

floated units assembly, this assembly will reverse 

direction, or "yozzle," every time a switch 

reversal occurs. 

8-26. A gyro unit is "yozzled" mainly to run in 

the movable parts. Usually, the time duration of 

"yozzling" is extended over a weekend to eliminate 

I24 

3-VOLT BATTERY 
(FOUR 1.5-VOLT CELLS) -:—'- 

TI I.- 

1.3% ‘9’1 

T2 I 

TORQUE baO , , l 

GENERATOR 
wmpmcs MULTIVIBRATOR l a" 

RELAY 
(DOUBLE POLE - DOUBLE THROW) 

Fig. 8-9. Schematic diagram of the multivibrator circuit used 

for "yozzling." 

most of the stiffness of the gyro unit that is due to 

its newness. After the unit has been "yozzled," 

and before any test is performed, an alternating 

current is run through the torque generator in order 

to eliminate the hysteresis effect, which results 

whenever a direct current passes through the torque 

generator windings. Use the hysteresis erasing 

circuit shown in Fig. 8-5 to accomplish this. 

8-27. CHECKING OUT THE ELECTRICAL CIR- 

CUITS. The final step of the gyro unit assembly 

procedure is to check out the electrical circuits of 

the gyro unit. If the test procedure follows im- 

mediately after this checkout, this test need not be 

repeated. Otherwise, repeat the checkout proce- 

dure, utilizing Tables 4-2  and 4-3,  in order to 

insure that the circuits are still operating properly. 

8-28. SELECTION OF THE SIGNAL GENERATOR QUAD- 

RATURE RESISTOR. 

8-29. EXPLANATORY INFORMATION. The first 

item of the over-all testing procedure is to con- 

nect a resistance of appropriate value across a 

primary coil of the signal generator. Its purpose 

is  to cancel the quadrature component of the output 

voltage at the signal generator null. 

8-30. EQUIPMENT. Use the- basic test setup 

shown in Fig. 8-1. 

8-31. INITIAL CONDITIONS. Initial conditions 

for the procedure are as follows: 

a. Signal generator excitation: 

125 ma at 400 cps. 
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b. Torque generator excitation: 

100 ma at 400 cps for the 2016a 

10 ma d-c for the 2016b 

Series-connected input circuit in 

each instance. 

8-32. STEP—BY-STEP PROCEDURE. The detailed 

procedure for determining the appropriate resist- 

ance is as follows: 

a. Place the gyro unit in the test block and 

mount the block on the turntable in any convenient 

position. 

b. Connect the oscilloscope and the voltmeter 

to the primary and secondary windings of the signal 

generator as shown in Fig. 8-10. Leave these 

connections in place for all subsequent procedures, 

unless otherwise noted. 

c.  Leave the servo loop unenergized. 

d.  Apply the indicated excitation to the signal 

generator. A Lissajous figure should appear on 

the face of the oscilloscope. 

Note 
The amount of signal generator excitation current 

applied can be controlled by the excitation control 
knob on the signal generator excitation panel of the 

test console (ref. Fig. «9-4), and observed on the 

signal generator excitation milliammeter on top of 

the test console (ref. Fig. 8-1). 

e .  Place the variable resistance located in 

the test console (ref. Fig. 8-10) across terminals 

PQA and P2 by placing the quadrature circuit 

selector on the test console (ref. Fig. 8-4) in the 

P2 position. Adjust the quadrature adjustment 

potentiometer so as to obtain a minimum opening 

of the Lissajous figure on the oscilloscope at the 

signal generator null. For making fine adjustments, 

obtain the minimum reading from the voltmeter. 

Obtain the signal generator null by applying exci- 

tation to the torque generator as required (ref. 

F i g .  8 ' 4 ) e  

Note 
The amount of torque generator excitation current 

applied can be controlled by the excitation control 

knob on the torque generator excitation panel of the 

test console (ref. Fig. 8-4), and observed on the 

torque generator excitation milliammeter on top of 

the test console (ref. Fig. 84). With the TORQUE- 

EXC'ITATION switch at  the top of the console in the 

EXCITATION position, no torque is applied to the 

floated units assembly of the gyro unit by the torque 

generator. With this switch in the TORQUE position, 

the direction of the resulting torque can be controlled 

by the PLUS-MINUS switch. 

QUADRATURE 
ADJUSTMENT 

POTENTIOMETER 

(located in signal generator 
excitation amplifier pmel of 

test console) 
PCT 

P20 p SIGNAL 
GENERATOR E 

p2 WINDINGS 
‘ £ 

52 0 AC 

PQA VTVM \ 
SOURCE OF SCT \ 
EXCITATION PCT (shown to the 

left of the test 
conso e in 

¢ -P' 5‘ A Fig. 8-1) 
1 

TO VERTICAL 
DEFLECTION 

POSTS 

TO 
HORIZONTAL 4) c 
DEFLECTION - 

POSTS , 

* OSCILLOSCOPE 

Fig. 8-l0. Method of connecting the quadrature resistor, the 
oscilloscope and the voltmeter to the signal generator windings. 

f .  Next, place the variable resistance across 

terminals PQA and PCT (ref. Fig. 8-10)by placing 

the quadrature circuit selector in the PCT position. 

Adjust for minimum opening of the Lissajous figure 

and minimum voltage reading as in step e. This 

is necessary only if step e fails to close the 
Lissajous figure. 

g. Place the toggle switch in the position that 

gave the lowest reading on the voltmeter. The 

variable resistance will remain connected in all 

the succeeding procedures. 

8-33. ALIGNMENT OF THE INPUT AXIS. 

8-34. EXPLANATORY INFORMATION. The 

proper testing of the gyro unit requires that the 

input axis be positioned accurately with respect to 

the turntable platform. The present procedure is 

used to determine the exact direction of the input 

axis after the gyro unit has been assembled. During 

assembly, the approximate direction of the spin 

reference axis has been indicated on the face of 

the 20-pin connector by aligning the key with the 

positive sense of the spin reference axis. This 

assists in pre-positioning the gyro unit during the 

present procedure. 

8-35. EQUIPMENT. In addition to the basic test 

setup, a spirit level is used. 
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8-36. INITIAL CONDITIONS. Initial conditions 

for the procedure are as follows: 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 2016a 

10 ma d-c for the 201Gb. 

c.  Wheel excitation: 

0. 2 amp/phase at 400 cps for the 2OIGa 

0. 6 amp/phase at 400 cps for the .ZOIGb. 

d .  Position of the gyro unit on the turntable: 

output axis horizontal, spin reference axis upward, 

this latter condition obtained when the key of the 

20-pin connector is pointing upward. 

8-37. STEP-BY-STEP PROCEDURE. The detailed 

procedure is as follows: 

a. Place the turntable in a horizontal plane 

and check its position with the spirit level. 

b. With the gyro unit still mounted in the test 

block, place the test block on the turntable so that 

the output axis of the gyro unit is parallel to the 

plane of the turntable and the spin reference axis 

is  upward. 

c .  Apply the indicated excitation to the gyro 

unit. 

(1. Leave the servo loop unenergized. 

e.  Rotate the turntable a few degrees by hand, 

while Observing the vertical deflection of the trace 

on the oscilloscope (see Fig. 8-10 for the standard 

connections to the oscflloscope). 

f .  Rotate the gyro unit inside the test block 

a few degrees about its output axis and repeat 

step e. Repeat this procedure until the minimum 

deflection is obtained. 

g. Lock the gyro unit in this position inside 

of the test block. The input axis will now lie 

parallel to the turntable. Its positive sense is 

90 degrees clockwise from the positive sense of the 

spin reference axis (which is directed upward in 

the direction of the key on the 20-pin connector). 

Identify the negative direction of the input axis with 

an accurately positioned mark on the gyro unit. 

h. Remove the test block from the turntable, 

mount it in a boring jig, drill a small hole (0. 1250 

in. dia.)  as indicated in Fig. 8-11, and insert a 

dowel pin to indicate the negative direction of the 

input axis. 
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POSITIVE SENSE 
OF SPIN 

REFERENCE AXIS 

POSITIVE 
SENSE OF 

INPUT AXIS 
a 

0.1250 in. dia. dowel pin, 1/2' in. long. Pin to protrude 0.125 in. Ex- 
posed end of pin chamfered 30° included angle, 1/ 16 in. long. Locate 
on axis as shown within one milliradian. 

Fig. 8-I'I. Indication of the negative direction of the input axis 
by means of a dowel pin. 

Note 
The positive direction of the input axis is  already 

indicated (but not precisely) by the access hole to 

the input-axis balance nut. 

8-38. APPLICATION OF COHPENSATION TO THE TORQUE 
GENERATOR PRIOR TO MAKING MASS UNBALANCE ADJUST 
MENTS. 

8-39. EXPLANATORY INFORMATION. The 

reaction torque due to the Microsyn units and the 

flexible power leads may be of such magnitude that, 

unless reduced, it will be impossible to make the 

adjustments necessary to achieve a balance of the 

floated units assembly. Therefore, a compensating 

resistor is introduced into the torque generator 

excitation circuit to cancel or "buck out" this 

reaction torque. 

8-40. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-41. INITIAL CONDITIONS. Initial conditions. 

for the procedure are as follows: 

3. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 2016a 

10 ma d-c for the ZOIGb. 

c .  Wheel excitation: 

0.2 amp/phase at 400 cps for the ZOIGa 

0.6 amp/phase at 400 cps for the 2016b. 

d. Position of gyro unit on the turntable: 

output axis vertical, input axis east-west. 
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8-42. STEP-BY-STEP PROCEDURE. The detailed 

steps of this procedure are as follows: 

a. Secure the test block to the turntable with 

the gyro unit output axis parallel to the plane of 

the turntable as before. Then orient the turntable 

assembly so that the output axis of the gyro unit is 

vertical and the input axis is in the east-west 

direction. 

b. Place the other variable resistance of the 

test console across terminals TQA and TICT by 

placing the compensation circuit selector on the 

torque generator excitation amplifier panel of the 

test console in the TCT position. Turn the com- 

pensation adjustment potentiometer to an indicated 

value of 2 .2  K ohms. This resistance value has 

been found from experience to be a good starting 

point for the variable resistance to the gyro unit. 

Figure 8—12 illustrates the circuits concerned. 

TORQUE GENERATOR EXCITATION 
AMPLIFIER PANEL 

COMPENSATION 
ADJUSTMENT 

POTENTIOMETER 
(located in torque 

generator excitation 

aaifier panel) ‘ 
T2 V yrcr 

T2 

SOURCE OF TQL. 
EXCITATION 

'TICT A 

PRIMARY WINDING SEfiflSPNAGRY 

TI 
TORQUE GENERATOR WINDINGS 

Fig. 8-I2. Method of connecting the compensating resistor to 
the torque generator windings. 

c. Apply the indicated excitation. 

d. Energize the servo loop (ref. Figs. 8-2 

and 8-4). 

e. Take a drift reading in accordance with 

the procedure given in paragraph 8-43 following. 

f .  Increase or decrease the resistance to 

minimize the drift, and take another drift reading. 

g. When a minimum drift is observed, throw 

the compensation circuit selector .to the T2 posi- 

tion so that the variable resistance is across 

terminals TQA and T2. Repeat steps e and f .  

h. Place the toggle switch in the position that 

provided the least drift. This means that the 

variable resistance will remain connected during 

all succeeding procedures. 

i. The gyro drift rate should now be less than 

0. 01 mr/ sec. 

8-43. PROCEDURE FOR MAKING DRIFT READ- 

INGS. The circumferential surface of the turntable 

is marked in degrees, with major markers at 

15-degree intervals. The Bausch and Lomb 40- 

power microscope that is used to view the angular 

displacement of the turntable is equipped with a 

fixed scale inside of it that has 11 main reference 

marks, with each interval between the reference 

marks broken up into 10 equal divisions. The 

separation between degree markings on the turn- 

table occupies approximately 75. 2 divisions inside 

the microscope, as shown in Fig. 8-13. In mathe- 

matical terms, this means that: 

1 degree on the turntable circumference 

= 75. 2 divisions on the microsc0pe 

« X  103 
.—-—_—_-— mr = 1 division 
180 x 75.2 

2. 32 mr = 10 divisions 

SCALE 0N MICROSCOPE 
(IO main divisions, each 
composed of IO sub- 
divisions) 

PORTION OF TURNTABLE VISIBLE THROUGH 
MICROSCOPE 

Y 

I-DEGREE MARKINGS ON TURNTABLE 
= 72.5 DIVISIONS ON MICROSCOPE SCALE 

Fig. 8-13. View taken through the turntable microscope. 
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The foregoing analysis gives a basis upon which to 

read the angular displacements of the turntable. 

The main reference marks on the stationary micro- 

scope scale are 10 divisions apart. When a moving 

reference is spotted on the turntable while looking 

through the microscope and followed through 10 

divisions on the microscope scale, the angular 

displacement of the turntable is 2. 32 milliradians. 

This method is employed for low drift rates. For 

high drift rates, a division marking on the micro- 

scope scale is used as a stationary reference and 

two consecutive markings on the turntable are used 

as moving references. Observe the first of the 

two moving references as it passes the stationary 

reference of the microscope. When an identical 

portion of the next consecutive marking -— that is, 

either a leading or a trailing edge — coincides with 

the stationary reference, an angle of 1 degree on 

the turntable has been passed through. For both 

methods, the time required for the angular interval 

to be traversed is clocked with a stop watch. The 

ratio of angular displacement to time yields the 

drift rate. 

8-44. MASS UNBALANCE ADJUSTMENTS WITHOUT EARTH- 
RATE EFFECT. 

8-45. EXPLANATORY INFORMATION. With the 

reaction torques of the Microsyns and the flexible 

power leads effectively eliminated, there are two 

remaining torque-producing effects acting on the 

floated units assembly of the gyro unit. The first 

is the effect due to earth rate — that is, the angular 

velocity of the earth about its polar axis. The 

second is the effect of mass unbalance in the floated 

units assembly. By orienting the gyro unit with 

the input axis in an east-west position, the effect 

of earth rate is eliminated, leaving only the effect 

of mass unbalance. For the purpose of making the 

necessary adjustments to reduce the effect of mass 

unbalance, the two balance nuts on the floated units 

assembly that are accessible by means of balance- 

nut forks are employed. In the present procedure, 

the input axis lies in the horizontal plane and mass 

unbalance along this axis is minimized by adjusting . 

the balance nut located along the positive direction 

of the input axis. 

8-46. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 
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8-47. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 201Ga 

10 ma d-c for the 2016b. 

c .  Wheel excitation: 

0.2 amp/phase at 400 cps for the ZOIGa 

0.6 amp/phase at 400 cps for the 2016b. 

d. Position of gyro unit on the turntable: spin 

reference axis vertical, input axis east-west. 

8-48. STEP-BY-STEP PROCEDURE. 

3.. With the turntable axis in the horizontal 

position, mount the test block so that the spin ref- 

erence axis is vertical and the input axis is in an 

east-west direction. 

b. Apply the indicated excitation. 

c .  Energize the servo loop. 

d. Take a drift reading in accordance with the 

detailed procedure given in paragraph 8-43. 

e.  If the drift exceeds the specification value, 

de-energize the servo 100p and turn the balance 

nut on the input axis slightly. Observe the trace 

on the OSCillOSCOpe when turning the balance-nut 

fork. The fork will have made contact with the 

balance nut when a slight disturbance appears on 

the oscilloscope. Continued rotation of the fork will 

change the angular position of the trace. 

Note 

The drift specification value will be determined by 

the particular application for which the gyro unit is 

intended. 

f .  After having turned the balance nut with the 

fork, back off up to 1/8 turn so that the nut will 

clear the fork at any position of the floated units 

assembly. 

g. Energize the servo loopand repeat steps d, 

e ,  and f until close balance (that is, as small‘a 

drift reading as possible) has been obtained. 

8-49. MASS UNBALANCE ADJUSTMENTS WITH EARTH- 
RATE EFFECT. 

8—50. EXPLANATORY INFORMATION. Since the 

balance nuts are mounted on two perpendicular 

axes, it will be necessary to perform a second 

balance adjustment. In this procedure, the spin 

reference axis is horizontal and the input axis is 

vertical. This means that the effect of earth rate 

‘
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will be present. Since it cannot be cancelled when 

the input axis is vertical, it must be incorporated 

into the null readings. That is, instead of attempt- 

ing a minimum drift reading, it will now be neces- 

sary to attempt to make the turntable rotate with 

respect to its base at a rate equal and Opposite to 

the component of earth rate along the gyro unit 

input axis. At a latitude of 42° North this compo- 

nent has a magnitude of about 0. 05 milliradian per 

second. Total earth rate is about 0. 0725 mr/sec. 

8-51. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-52. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 2016a 

10 ma d-c for the 201Gb. 

c.  Wheel excitation: 

0. 2 amp/phase at 400 cps for the 201Ga 

0. 6 amp/phase at 400 cps for the 2016b. 

d. Position of gyro unit on turntable: input 

axis vertical, spin reference axis horizontal. 

8-53. STEP-BY-STEP PROCEDURE. 

a. With the turntable axis in the vertical posi- 

tion, mount the test block so that the input axis is 

vertical and the spin reference axis is horizontal. 

b. Apply the indicated excitation. 

c.  Energize the servo loop. 

d. Take a turntable-rate reading in accordance 

with the detailed procedure given in paragraph 8-43. 

The net drift in the counterclockwise direction (as 

viewed from above) is the measured turntable rate 

minus the magnitude of the earth rate component 

(about 0. O5 mr/sec at latitude 42° North). 

Note 
The local component of earth rate varies with lati- 

tude. For this reason, the component must be cal- 

culated for each location where these tests are 

being performed. 

e .  If the drift exceeds the specification value, 

de-energize the servo loop and turn the balance 

nut on the spin axis. Observe the trace on the 

oscilloscope when turning the balance-nut fork. 

The fork will have made contact with the balance 

nut when a slight disturbance appears on the oscil- 

loscope. Continued rotation of the fork will change 

the angular position of the trace. 

f .  After having turned the balance nut with the 

fork, back off up to 1/8 turn so that the nut will 

clear the fork at any position of the floated units 

assembly. 

g. Energize the servo loop and repeat steps d, 

e ,  and f until the drift is sufficiently close to the 

specification value. 

8-54. CROSS COUPLING. There is a possibility 

that some cross coupling can occur during the two 

balance tests. This can happen when the threaded 

studs, to which the balance nuts are attached, are 

not precisely at right angles to each other. Another 

cause can be the fact that the balance nuts are not 

symmetrical. Therefore, the two balance-adjust- 

ment procedures should be repeated once again, 

in the same order as before. 

8-55. DETERMINATION OF THE EXCITATION CURRENT 
SQUARED - REACTION TORQUE SENSITIVITY OF THE 
SIGNAL GENERATOR. 

8-56. EXPLANATORY INFORMATION. Signal 

generator reaction torque is afunction of the square 

of the current applied to the excitation winding of 

the signal generator. The variation of this torque 

with the square of the excitation current is deter- 

mined by exciting the signal generator primary 

windings with various currents below and above the 

125-milliampere value used in the procedure for 

selecting the signal generator quadrature resistor. 

The reaction torque causes the signal generator 

rotor to rotate from its null output voltage position 

and thus induce an output signal across the sec- 

ondary windings of the signal generator. In turn, 

this output signal is amplified and fed into the servo 

motor stator. The servo motor rotates the turntable 

at a rate that will cause the signal generator rotor 

to return to its null position, through the operation 

of the gyro unit. The time interval required for a 

predetermined angular displacement of the turntable 

to take place is recorded twice for each excitation 

current on the primary windings. From these data, 

an average drift rate for each value of excitation 

current is calculated. Since this drift rate is 

directly proportional to the signal generator 

reaction torque that produced it, the manner in 

which the reaction torque varies with excitation 

current squared can be seen from a plot of drift 

rate versus excitation current squared. 
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8-57. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-58. INITIAL CONDITIONS. 

a. Signal generator excitation: 

50 to 150 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 201Ga 

10 ma d-c for the 201Gb. 

c .  Wheel excitation: 

0.2 amp/phase at 400 cps for the ZOIGa 

0.6 amp/phase at 400 cps for the 201Gb. 

d.  Position of gyro unit on turntable: output 

axis vertical downward, input axis horizontal in 

east-west direction. 
Note 

When the gyro unit is mounted with its output axis 
vertical downward and its input aais horizontal in 

the east-west direction,- any residual mass unbalance 

does not effect a rotation of the float about the 

output axis and earth rate wil l  not affect thegyro 

unit. 

8-59. STEP—BY-STEP PROCEDURE. 

a. Mount the gyro unit on the turntable with 

its input axis parallel to the turntable axis. 

b. Orient the turntable assembly so that the 

turntable axis is horizontal and pointed geograph- 

ically east-west. 

c .  Apply indicated excitation to the gyro unit, 

with 50 ma to the signal generator primary by 

means of the signal generator excitation control 

and the signal generator excitation milliammeter 

(ref. Figs. 8-1 and 8-4). 

d. Energize the servo loop. 

e.  For an angular displacement of 2. 32 mr, 

measure the time interval, using the procedure of 

paragraph 8-43. Calculate the drift rate. Repeat 

and average the two values. 

f .  Increase the current through the signal 

generator primary to 75, 100, 125, and 150 milli- 

amperes, repeating step e for each value. 

g. Plot the average drift rate values obtained 

versus the associated values of the excitation cur- 

rent squared. Note 

The drift rate i s  directly proportional t o  the signal 

generator reaction torque that produced i t .  The 

typical plot of average drift rate as a function- of 

eacitation current squared given in Fig. R-Ih shows 

that the sensitivity that is the subiect of the present 
procedure is reasonably linear over the range of 

excitation currents applied. This plot i s  based on 

the typical data given in the nest paragraph. 

130 

0.4 \ 

a I 

5 \ 
B 0.3 _ 
U) 

D! 
I.|.I 

G. 

g 0.2 
a 
D 
< 

a 
i 0.1 
2 

z \ 
L” \ 
'2 0 
a: 
'— 

E 
a: 

g —0.1 

9‘- UNIT TESTED: 20|G N0. 75 \ 
0 DATE OF TEST: NOVEMBER 1954 
8 _0 2 _ IN CHARGE OF TEST: , 
g ' J. HOGG AND A. LATTANZI 
g APPROVED: g y m  . 
< 

0 5000 10,000 15,000 20,000 25,000- 

SIGNAL GENERATOR EXCITAS'ZI'ION CURRENT SQUARED 
IN (MA 

Fig. 8-14. Typical plot of average drift rate versus signal 
generator excitation current squared. 

8—60. TYPICAL TEST DATA. 

Signal 
Generator Excitation Turntable Time Average 
Excitation Current Angular Required for Drift Drift 
Current Squared Displacement Displacement Rate Rate 

(ma) (ma)2 (mt) (see) 515} _m_r) 
sec sec 

50 2500 +2.32 6.5 +0.35? +0.360 
+ 2.32 6.4 +0.363 

75 5625 +2.32 6.6 +0.352 +0349 
+2.32 6.7 +0.346 

100 10,000 +2.32 11.0 +0.211 +0.202 

+2.32 12.0 +0.193 

125 15,625 (see paragraphs 8-28 through 8-32 on <0.01 
selecting the signal generator 
quadrature resistor) 

150 22,500 -2.32 9.0 -0.258 -0.252 

-2 .32 9.4 --0.247 
1 *  

8-61. DETERMINATION OF THE EXCITATION CURRENT 
SQUARED - REACTION TORQUE SENSITIVITY OF THE 
TORQUE GENERATOR. 

8-62. EXPLANATORY INFORMATION. By virtue 

of the design of a Microsyn torque generator, the 

reaction torque is directly proportional to the square 

of the excitation current. In an earlier procedure, 

the various reaction torques of the gyro unit were 

“backed out" by means of a compensating resistance, 

so that a state of equilibrium now exists insofar as. 

-
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these reaction torques are concerned. However, 

this equilibrium is in effect only for the particular 

value of excitation current employed when the value 

of the compensating resistance was determined. In 

the present procedure, the excitation current 

through the torque generator primary windings is 

varied below and above the value previously used 

in compensating for the reaction torques. 

8-63. As the excitation current is varied, a change 

in position of the torque generator rotor is produced. 

Since the torque generator rotor and the signal 

generator rotor are on the same shaft, the signal 

generator produces an output signal that is fed to 

the servo motor of the turntable. Via the gyro- 

scopic action within the gyro unit, the turntable 

rotation nulls the signal generator output signal. 

The turntable then turns at a drift rate determined 

by the torque generator reaction torque. It follows 

that as the difference between the applied excitation 

current and the original equilibrium excitation cur- 

rent is made greater, the drift rate will increase. 

Since the drift rate is directly proportional to the 

reaction torque that caused it, the drift rate values 

obtained can be used to determine the nature of the 

excitation current squared - reaction torque sensi- 

tivity of the torque generator. 

8-64. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-65. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation current: 

Variable (10 - 120 ma at 400 cps for 

the 2016a; 5 — 15 ma d-c for the 201Gb). 

c.  Wheel excitation: 

0.2 amp/phase at 400 cps for the ZOIGa 

0.6 amp/phase at 400 cps for the 201Gb. 

d .  Position of gyro unit on turntable: output 

axis vertical, input axis in east-west direction. 

8—66. STEP-BY-STEP PROCEDURE. 

a. Mount the gyro unit on the turntable as in 

the previous procedure (ref. paragraph 8-59, steps 

a and b). 

b. Apply the indicated excitation to the gyro 

unit. - 

c.  Energize the servo loop. 

d. Introduce various excitations through the 

torque generator primary windings by adjusting 

the torque generator excitation control (ref. Fig. 

8-4) and reading the output on the torque generator 

excitation milliammeter (ref. Figs. 8-1 and 8-4). 

e. Record the time interval elapsed during 

which the turntable travels through a predeter- 

mined angular displacement, using the procedure 

of paragraph 8-43. 

f .  Calculate the drift rates and average the 

two values obtained for each value of excitation 

current used. 

g. Plot the average drift rates versus the 

associated value of the torque generator excitation 

current squared. 

Note 
Since the drift rate is directly proportional to the 
reaction torque that caused it, the plot also repre- . 
sents the variation of the reaction torque with the 

square of excitation current. Figure 8-15 is a plot of 
this nature, based on the typical data given in the 
next paragraph. 

8—67. TYPICAL TEST DATA (for an alternating- 

current-excited torque generator). 

Torque 
Generator Excitation Average 
Excitation Current Drift Drift 

Current Squared Angle Time Rate Rate 
(ma) (ma)2 (sec) (mr/ sec) (mr/ sec) 

10 100 - 1° 43.3 ~0.40 -0.41 
41.5 —0.42 

20 400 - 1° 42.9 -0.41 -0.40 
4 5 . 2  - 0 0 3 9  

30 900 -- 1° 48.0 --O.36 -0.37 
46.5 -0.38 

40 1600 - 1° 54.2 -0.32 -0.32 

54.0 -0.32 

50 2500 - 1° 64.7 -0.27 —0.27 
64e9  ” 0 0 2 7  

10.7 . -o.22 
70 4900 —2.32 mr . 13.0 —0.18 -O. 18 

14.0 —0. 17 

80 6400 -2.3_2 mr 22.8 -0. 10 -0. 12 
18.5 —0.13 

90 8100 —2.3_2 mt 39.0 —-0.06 —o.07 
34.5' -0.07 

100 10,000 +2.32 mt 126.1 +0.02 +0.03 

92.3 +0.03 

110 12, 100 + 2.32 mt 23.4 +0.  10 +0. 10 
25.3 +0.10 

120 14,400 +2.32 an 13.9 +0.17 +0.18 
12.7 +0. 18 
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8-68. DETERMINATION OF THE ANGLE — TORQUE SEN- 
SITIVITY OF THE ELASTIC-RESTRAINT-PRODUCING COM- 
PONENTS. 

8-69. EXPLANATORY INFORMATION. With the 

output axis vertical, so that there is no torque due 

to mass unbalance, and with the reaction torques 

of the Microsyn units and the flexible power leads 

"bucked out" by apprOpriate compensating resist- 

ance, there should be very little gyro drift at the 

signal generator null. When the signal generator 

is not at null, the elastic restraint torque can 

either hinder or aid the rotational motion of the 

floated units assembly. The torque hinders when 

the leads are winding up (elastic energy being 

stored up), and aids when the leads are unwinding 

(elastic energy being. released). Elastic restraint 

torque thus varies with the angular displacement of 

the floated units assembly. 

8-70. Used in this test is a piece of equipment 

known as the Dummy Director. This is actually 

another Microsyn signal generator connected series 

aiding with the existing one in the gyro unit. It ' 
must first be calibrated in terms of millivolts per 

scale divisions. Instructions for accomplishing 

this are included in the present procedure. Fig- . 

ure 8-16 shows the primary and secondary windings 

of both the Dummy Director and the gyro signal 

generator connected series aiding. Figure 8-17 

shows how this circuit is connected into the basic 

test setup. 
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8-71. Initially, the two rotors are not necessarily. 

in the same relative position. Although the stator 

field of the Dummy Director is changed with the 

rotation of its rotor, the current thus induced into 

the secondary windings is too low to affect the posi- 

tion of the signal generator rotor. Instead, a small 

error signal, produced by the relative displacement 

of the two rotors, is fed through the servo loop. 

The turntable rotates in a direction that drives the 

signal generator rotor into coincidence with the 

Dummy Director rotor. The position of the signal 

generator rotor can thus be controlled by positioning 

the Dummy Director rotor. 

8-72. EQUIPMENT. In addition to the basic test 

setup, a Dummy Director and a stop watch are 

used. 

8-73. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 2016a 

10 ma d-c for the 201Gb. 

c.  Wheel excitation: 

0.2 amp/phase at 400 cps for the ZOIGa 

0.6 amp/phase at 400 cps for the 201Gb. 

d. Position of gyro unit on turntable: output 

axis vertical, input axis in east-west direction. 

Note 
When the gyro unit is mounted with its output axis 

vertical and its input aeis horizontal in the east- 

west direction, the position of the balance nuts 

does not create any torque about the output axis and 

earth rate will not affect the gyro unit. 

8-74. STEP-BY-STEP PROCEDURE. 

a. Mount the gyro unit on the turntable with 

its output axis vertical and its input axis in the 

east-west direction. 

b. Connect the Dummy Director in series with 

the signal generator in the gyro unit. See Figs. 

8-16 and 8-17 for details. 

c.  Apply the indicated excitation to the gyro 

unit. 

d. Turn the control on the Dummy Director 

until a null is observed as a horizontal line on the 

oscilloscope. 

Note 
The oscilloscope and the associated voltmeter re- 

main-connected to the excitation-and output terminals 

of the signal generator as shown in Fig. 8-10. 

e. Turn the Dummy Director control in turn 

to both stops. That is, so that the maximum angu- 

lar pattern is obtained on the oscilloscope. 

f .  Record the number of divisions from null 

for both conditions as indicated on the dummy signal 

generator dial. Also record the millivolt readings 

associated with the stop positions. , 

g. Add both millivolt readings, and divide 

by the sum of the divisions. This gives a scale 

calibration number of X mv/div. The reason for 

the calibration number is to enable the testing 

technician to introduce known values of voltage, 

which in turn can be converted to angular displace- 

ment of the floated units assembly by using the 

signal generator sensitivity in mv/mr. For 

example, suppose the calibration number were 

8 mv/div, and a rotation of 300 scale divisions 

were introduced. The result would be a 2400 mv 

output. Thus, for a typical signal generator sensi- 

tivity of about 22 mv/mr, the angular displacement 

of the signal generator rotor would be: 

M baO = 109.1 mr 
22 

h. Choose equal multiples of division inputs, 

beginning with the null position, and going in both 

directions. 

i .  Energize the servo loop. 

j. View the angular displacement of the turn- 

table and clock the time required for the angular dis- 

placement, using the procedure of paragraph 8-43. 

k. Calculate the angular velocity of the turn- 

table - that is, the drift rate - in milliradians/ 

second for each angular displacement of the floated 

units assembly. 

1. Plot the drift rate versus the outputvoltage 

of the Dummy Director signal generator. 

Note 
The angular displacement of the floated units as- 
sembly from its reference position is directly pro- 

portional to the output voltage of the Dummy Director 
signal generator. Therefore, the plot will represent 
the drift rate due to elastic restraint torque as a 
function of angular displacement of the floated 

units assembly from its reference position. Since 

the drift rate is directly proportional to the torque 
that caused it, the figure also represents the angle- 
torgue sensitivity of the gyro unit’ 3 elastic-restraint- 

producing components. Figure 8-18, based on-the 
typical data of the following paragraph, gipes a 

plot showing how the drift rate due to flea: lead 
reaction torque varies with the output voltage of 
the Dummy Director signal generator. 
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8-7 5. TYPICAL TEST DATA. 

Output 
Voltage 

D' . . of the Drift Average 

IV|3|ons Dummy Turntable Time R Drift from Null D' A ‘3“ Rate 
Position "In,“ ngle (5°C) (mr/sec) 

Signal (mr/sec) 
Generator 

(mi!) 

20.0 1752 + 1° 8.3 2.102 2.043 

8.8 1.983 

150 1314 + 1° 13.6 1.283 1.269 

13.9 1.255 

100 876 + 1° 24.7 0.706 0.711 

24.4 0.715 

75 657 + 1° 37.6 0.464 0.475 

36.0 0.485 

50 438 + 1° 69.8 0.250 0.246 

72.3 0.241 

40 350.4 + 2.32 mt 12.5 0.186 0. 199 
11.0 0.211 

30 262.8 + 2.32 mt 18.4 0.126 0.142 

14.7 0. 158 

20 175.2 + 2.32 mt 30.8 0.075 0.083 

25.7 0.090 

10 87.6 + 2.32 mt 66.8 0.035 0.036 
61.9 0.037 

0 O stopped 

10 87.6 -2.32 mr 34.0 —0.068 -0.068 
34.3 -0.068 

20 175.2 -2.32 mr 18.8 -0.123 -0.118 

20.7 -0.112 

30 262.8 -2.32 mt 12.8 -0.181 -0. 179 

13. 1 -0. 177 

40 350.4 -2.32 1111' 9.4 -0.247 -0.242 

9.8 -0.237 

75 657 -1° 36.0 -0.485 -0.490 

35.3 -0.494 

100 876 -1° 24.1 —0.724 -0.714 

24.8 -0.-704 

150 1314 -1° 13.0 -1.34 -1.34 

13.0 -1.34 

200 1752 -1° 6.0 -2.91 -2.86 

6.2 -2.81 

8-76. DETERMINATION OF THE ANGULAR VELOCITY - 
VOLTAGE RATE SENSITIVITY OF THE GYRO UNIT. 

8-77. EXPLANATORY INFORMATION. A gyro 

unit senses a given angular velocity input about its 

input axis, and responds in such a manner as to 

produce a torque on the floated units assembly about 

its output axis. This torque is theoretically pro— 

portional to the input angular velocity. In equation 

form, this phenomenon is represented by 

Mont) H Wan) 
where 

M(out) baO = output torque, in dyne—cm 

I34 

2 

H = angular momentum of rotor, in 32199-— 
, sec 

W(in) = input angular velocity, in rad/sec. 

8-78. The signal generator rotor is fixed with 

respect to the output shaft, and undergoes a rate 

of angular displacement that is proportional to the- 

output torque. With the signal generator windings 

excited, the flux distribution in the secondary 

windings will change because of the angular rotation 

of the signal generator rotor. Thus the voltage 

across the secondary windings of the signal gen- 

erator is changing with time at a rate proportional 

to the magnitude of the input angular velocity. 

8-79. Angular velocity inputs are applied to the 

gyro unit about its input axis by means of the rate 

table shown in Fig. 8-1. The corresponding volt- 

age rate output of the gyro unit (the rate of change 

of the voltage output from the Microsyn signal 

generator) is determined as follows. The data 

obtained in the flex lead reaction torque — gimbal 

angle sensitivity test showed that the output voltage 

across the secondary windings was 1780 millivolts 

at each stop position, or a total voltage range of 

3560 millivolts. For convenience, the first voltage 

range used in the test is 3000 millivolts, or 3 volts. 

An indicated voltage across the secondary windings 

of 1.5 volts will insure that the rotor is near a 

stop. If the rotation of the turntable is reversed, 

the needle of the voltmeter will drop to zero or 

the null position and then start climbing back up 

again. When 1.5 volts is reached, the rotor is 

near the opposite stop and a voltage range of 3 volts 

has been covered. The time. consumed for the 

voltmeter to drop from 1. 5 volts to zero and back 

up to 1.5 volts is recorded in order to find the 

voltage-rate output. The procedure is repeated, 

with the rotor turning progressively through smaller 

angular positions and with progressively smaller 

rates of angular velocities applied via the rate 

table. 

8-80. EQUIPMENT. In addition to the basic test 

setup, a stop watch and a C-clamp are used. 

8-81. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 
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Fig. 8-l8. Typical plot of drift rate due to flex lead reaction torque versus the output voltage of the Dummy Director signal 
generator. 

b. Torque generator excitation: c .  Rotate the turntable manually, so that the 

100 ma at 400 cps for the 2016a rotor is near a stop. A reading of 1. 5 volts will 

10 ma d-c for the ZOIGb. insure that the rotor is near a stop. 

c.  Wheel excitation: d.  Clamp the turntable to the circular plate 

0.2 amp/phase at 400 cps for the 2016a below it with the C-clamp in order that there be no 

0.6 amp/phase at 400 cps for the ZOIGb. relative motion between the gyro unit and the over— 

d.  Position of gyro unit on the turntable: input all turntable assembly. 

axis vertical. e.  By means of the rate table, introduce an 

Note angular velocity to the gyro unit. Begin with the 
The gyro unit is mounted in this position in order highest rate obtainable. 
to receive various angular velocity inputs that are 
supplied by the We table (re f. Fig. 84). f .  Start the stop watchwhen the needle on the 

voltmeter drops to l .  5 volts. Stop the watch when 

8'32° STEP'BY’STEP PROCEDURE the needle reads 1.5 volts again but at the opposite 

Note end of the scale. 

Leave the servo 100? ale-energized throughout the g. Drive the voltmeter needle off scale, in 

7'6“” p'ocedu'e' the direction of its last approach, by setting the 
a. Set the voltmeter at its 3.0-volt full-scale range selector of the voltmeter to the 0. 3-volt 

range and zero the needle at midscale. (The volt- position. 

meter remains connected in the arrangement shown h. Stop the rate table and reverse its direction 
in Fig. 8-10.) of rotation. 

b. Apply the indicated excitation to the gyro i. Return the range selector to the 3. O—volt 

unit. position. 
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3. Repeat steps f and g. 

1:. Stop the rate table. 

1. The next voltage interval is 2 volts. This 

can best be read on the l .  O-volt scale. . 

m. Introduce, by means of the rate table, the 

next highest angular velocity available. 

n. Record the time interval for the needle to 

pass from 1 . 0  to 0, then to 1 . 0  on the opposite 

side of the scale. 

0. Drive the needle off scale by turning the 

selector now to the 0. l-volt position. 

p. ’Stop and reverse the rate table. 

q. Return the selector to the 1.0-volt position. 

r .  Repeat steps :1 and o. 

8.  Continue the procedureby reducing the rate 

and the full-scale deflection range. Typical values 

are 500, 250, 120, 60 and 30 millivolts. When the 

30—millivolt full-scale range is reached, continue 

to introduce lower angular velocities until the 

entire range of the rate table is exhausted. 

8-83. TYPICAL TEST DATA. 

. t' 
Angola Due; 1011 Average 
Velocity Angular Voltage Voltage Voltage 

Input Velocity n e  Time Rate Rate 

(Int/sec) Input (11w) (sec) (Inv/ sec) (mv/ sec) 

104.72 + 3000 3.3 909.09 909.09 
-' 3 0 3  909' 09 

52.36 + 2000 74.4 454.55 454.55 
._ 4.4 454.55 

26. 18 + 1000 4.4 227. 27 227.27 
- 4.4 227.27 

13.09 + 500 4.5 111.11 113.70 
- 4.3 116. 28 

6.545 + 250 4.3 58. 14 57.48 
.. 4.4 56.82 

3. 272 + 120 4.2 28.57 28.57 
.I- 4 .  2 28-  5 7 

1.636 + 60 4. 2 14.29 14.65 
- 4.0 15.00 

0.8 18 + 30 4. 1 7.32 7.23 
- 4. 2 7. 14 

0.409 + 30 8.5 3.53 3.74 
- 7.6 3.94 

0.2045 + 30 17.2 1.74 1.89 
.. 14.8 2.03 

0. 1023 + 30 39.3 0.76 0.90 
.. 29. 2 1.03 

0.0511 + 30 116.0 0.26 0.41 
- 53.6 0.56 

0.0255 + 30 420.6 0.07 0.21 
- 89.5 0.34 

Note 
The above data is plotted in Figs. 8—19 and 8—20. 
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3-84. DETERMINATION OF THE CURRENT SQUARED - 
VOLTAGE RATE SENSITIVITY OF THE GYRO UNIT. 

8-85. EXPLANATORY INFORMATION. By Virtue 

of its design, a Microsyn torque generator produces 



an Output torque that is directly prOportiOnal to the 

product of the current flowing through its signal 

circuit and the current flowing through its excita- 

tion circuit. In the present procedure, these two 

circuits are connected in series, so that the output 

torque produced by the torque generator is-directly 

proportional to the square of the common current 

flowing through the series-connected windings Of 

the torque generator. The floated units assembly 

rotates as a result of the applied torque at a rate 

that is directly proportional to the torque, which 

in turn is directly proportional to the signal current 

squared. The resulting rate Of change of voltage 

output from the signal generator can be determined 

for each value of current applied by the means 

used in the previous procedure. 

8-86. Anoscilloscope is used to view the direction 

of rotation of the signal generator rotor. It is 

most useful to assign a plus or minus designation 

to the direction of rotor rotation because the signal- 

circuit windings of the torque generator are inter- 

changed for the purpose of obtaining two voltage- 

rate readings for the same input current. In the 

test data obtained, a plus direction means a clock- 

wise rotation (looking along the pos'itive direction 

of the output axis). 

8-87. In previous procedures, a compensating 

resistance was placed across the appropriate ter- 

minals Of the torque generator for the purpose of 

bucking out any reaction torque and thereby reducing 

drift. Withthe series connection used in the present 

procedure, however, it is not possible to use the 

compensating resistance and at the same time have 

the full input current flowing through all the wind- 

ings. The effect Of gyro drift is therefore very 

noticeable, especially for small current inputs to 

the torque generator. Since gyro drift is present 

during this procedure, it will aid, as can be seen 

from the data, when the signal generator rotor is 

driven in the negative direction and hinder when the 

rotor is driven in the positive direction. The pro- 

cedure is at an end when it becomes evident that 

gyro drift is predominating. 

8-88. EQUIPMENT. In addition to the basic test 

setup, a stop watch is required. 

8-89. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

_b. Torque generator excitation: Variable 

(1 - '10) ma at 400 cps for 201Ga; 0.1 - 1 ma for 

the 201Gb; primary and secondary windings in series 

in each case. 

c .  Wheel excitation: 

0.2 amp/phase at 400 cps for the 2016a 

0.6 amp/phase at 400 cps for the 201Gb. 

d. Position of gyro unit on turntable: input 

aids vertical. 

8-90. STEP-BY-STEP PROCEDURE. 
Note 

Leave the servo loop de-energized throughout the 

present procedure. 

a. Connect the milliammeter, torque generator. 

windings, and the current source in series as shown 

in Fig. 8-21. Put the windings in series by placing 

the TORQUE-EXCITATION switch on the patch 

panel at the top Of the test console in the TORQUE 

position. 

REFER TO FIG- 8-2 FOR TORQUE-EXCITATION SWITCH THE CONNECTIONS 0F . - 
lj THESE COMPONENTS. [93‘1“ EEEAEEE‘E’Z} 

— — — — —  j 

MILLIAMMETER I I ,9— 

f «.9 
i I 

i 
I , My PLUS-MINUSL—' 
L - - - - -  GYRO SWITCH 

UNIT 1 

_ __l 
PATCH PANEL 

a) Schematic diagram of the wiring connections 

0 O O O O O O O 
O O O O O O O "6% 
O O O O O 0 C W  
0 O O O O O O 

b) Pictorial diagram of the patch pmei on the test console 

'Fig. 8-21. External connections to the torque generator 
windings. 
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b. Foran a-c type of torque generator, intro- 

duce a current of 10 milliamperes at 400 cps to 

the torque generator windings. If a d-c type of 

torque generator is used, apply 1 milliampere d-c.  

c .  Record the time taken for the needle on the 

voltmeter to travel 1000 millivolts. 

d.  Reverse the current through the torque 

generator signal-circuit windings by interchanging 

the connections to terminals T3 and T4. This is 

accomplished by reversing the position of the 

PLUS - MINUS switch, which is also located on 

the test console patch panel. 

e .  Repeat step c as the signal generator rotor 

reverses direction. 

f .  Repeat the above procedure with progres- 

sively smaller input currents. 

Note 

The voltage range used is  a matter of judgment. 

8-91. TYPICAL TEST DATA (for an alternating- 

current-excited torque generator). 

Current 
Eorque Squae — Avleroge 

ener- Input . . Voltage Va 00 of 
ator Current Dlrecftlon kIm9°Time Valgoge Rate Sensitivity 
Input Squared o . mge ) e Sensitivity (aw/sec) 

Rotation (9°C — —  Current (m (1)2 (mv) (mv/ sec) (mv/sec) (“10,2 

(ma) " _ ("1012 

10 100 + 1000 29.0 34.48 0.35 0.39 
- 23.8 42.02 0.42 

9 81 + 1000 37.5 26.67 0.33 0.35 

8 64 + 500 24.1 20.75 0.32 0.30 
- 17.5 17.14 0.27 

7 49 + 200 13.4 14.93 0.30 0.39 
- 8 .6  23025 0'47 

6 36 + 200 20.7 9.66 0.27 0.39 
-- 11.0 18.18 0.51 

5 25 + 200 37.6 5.32 0.21 0.39 
- 14.4 1.39 0.56 

4 16 + 200 108.5 1.84 0.12 0.41 
- 18.6 11.07 0.69 

3.5 12.25 + 100 288.3 0.35 0.03 0.39 
- 11.1 9.01 0.74 

2.0 9 + No readings were taken below 3.5 
- milliamperes because at this current 

input the reaction torque and the 
2-5 6-25 + resulting drift is beginning to 

predominate. 

1.0 1.0 + 
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8-92. DETERMINATION OF THE CURRENT SOUARED - 
ANGULAR VELOCITY SENSITIVITY RATIO OF THE GYRO 
UNIT. 

8-93. EXPLANATORY INFORMATION. In the 

present procedure, the signal and excitation circuits 

of the torque generator remain connected in series 

as in the previous procedure. When various input 

currents are applied in turn to the torque generator, 

the resulting voltage output from the signal gen- 

erator is used to drive the turntable via the servo 

loop. For each value of input current applied to 

the torque generator, there is a corresponding 

steady-state value of turntable angular velocity 

that - through gyrosc0pic action - provides a torque 

on the floated units assembly that exactly counter- 

balances the torque output of the torque generator. 

Ideally, the ratio of the angular velocity of the 

turntable to the associated current squared input 

should remain constant. This ratio is known as 

the current squared -— angular velocity sensitivity 

ratio. The present procedure is used to deter- 

mine how closely this ratio for an actual gyro unit _ 

matches the ideal performance. As in the previous 

procedure, the connections to the signal circuit of 

the torque generator are reversed for each value 

of input current. This allows the effects of earth 

rate and gyro drift to be removed from the deter- 

mination of the sensitivity ratio values. 

8-94. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-95. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: Variable 

(0 — 100 ma at 400 cps for the 201Ga; 0 - 10 ma 

d -c for the 201Gb; series connected in each instance). 

c.  Wheel excitation: 

0.2 amp/phase at 400 cps for the 201Ga 

0.6 amp/phase at 400 cps for the 201Gb. 

d.  Position of gyro unit on turntable: input 

axis vertical upwards. 

8-98. STEP-BY—STEP PROCEDURE. 

a. Place the test block on the turntable so 

that the input axis of the gyro unit is vertical 

upwards. 
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b. Leave the voltmeter, oscilloscope and 

torque generator windings connected as in the 

previous procedure. 

0. Apply the indicated excitation to the gyro 

unit. 

d .  Adjust the torque generator excitation 

control so as to supply an input current of 100 

milliamperes to the torque generator. (10 ma d-c 

for a d-c type of torque generator.) 

e.  Energize the servo loop. 

f .  Record the time interval elapsed during 

which the turntable rotates 360 degrees. 

g. De-energize the servo loop. 

h. Interchange the connections to terminals 

T3 and T4. 

1. Repeat steps e and f .  

j. Repeat the above procedure, introducing 

input currents from 80 ma down to 0. 5 ma. Note 

that a d-c type of torque generator requires much 

less current, actually a maximum of '10 ma. Re- 

cord the time interval elapsed for a suitable angu- 

lar displacement of the turntable. Note that two 

time intervals are recorded, one for each direction 

of rotation of the turntable. Correct the indicated 

angular velocity for earth rate and drift rate com- 

ponents. 

k.  The method of correcting for earth rate 

and drift rate is to remove them from the measure- 

ments insofar as possible by taking the average of 

two angular velocity magnitudes measured with the 

same torque generator currents but with the current 

in one torque generator circuit reversed for the 

second measurement. (Since the angular velocities 

for the two directions will probably be measured 

by taking time intervals over equal angle incre— 

ments, it is important to point out that the average 

angular velocity magnitude is the average of the 

angular velocities, not the angular increment 

divided by the average of the two time intervals.) 
1. Divide the corrected angular velocity by the 

square of the input current to obtain values of the 

current squared - angular velocity sensitivity ratio. 

8-97. TYPICAL TEST DATA (for an a—c type of 

torque generator). 

Note 
A plot of the current squared - angular velocity 

sensitivity ratio versus input current squared, based 

on the following data, appears in Fig. 8-22. 

sCurrent 

Torque “and - A 
Gener- Clnput .Direcftion T Angular OnIgulffII’ .&::;t‘:g?w 

at urrent ' e - . e cc: y . or 0 Im ‘AngleVelocny Sensitivity Ratio 
Input Squared Rotation 

Current (ma)2 about IA (8°C) 

(ma) 

(mr/sec) Ratio (mr/sec) 

(mr/sec) (”0’2 

" 1 0 2  

100 10,000 + 15.5 360° 405 0.0405 0.0405 
.. 15.5 405 0.0405 

80 6,400 + 24.0 360° 262 0.0409 0.0409 
— 24.0 262 0.0409 

60 3,600 + 22.0 130° 143 0.0393 0.0401 
- 21.7 145 0.0403 

40 1,600 + 24.8 90° 63.4 0.0396 0.0399 
— 24.5 64.1 0.0400 

20 400 + 33.8 30° 15.5 0.0388 0.0398 

- 32.2 16.3 0.0408 

10 100 + 48.7 10° 3.58 0.0358 0.0356 
- 49.4 3.54 0.0354 

5 25 + 31.4 1° 0.56 0.0224 0.0392 

- 12.0 1.45 0.0560 

1 l -- 34.6 1° 0.5 1 0.51 0.06 
- 44 .8  0 . 3 9  0 . 3 9  

0.5 0.25 - 5.3 2.32 0.44 1.76 0.04 

- 5.0 mt 0.46 1.84 

0 (before run) — 39.4 1° 0.44 

0 (after run) - 39.9 1° 0.44 

8-98. DETERMINATION OF THE BASE ANGULAR VELOC- 
ITY - CONTROLLED MEMBER ANGULAR VELOCITY SEN- 
SITIVITY RATIO OF THE GYRO UNIT. 

8-99. EXPLANATORY INFORMATION. The 

present procedure is performed by introducing a 

known angular velocity to the turntable assembly 

(ref. Fig. 8-1) and observing the resulting angular 

velocity of the turntable when the servo loop is 

energized. The rate table is used to provide the 

known input angular velocity. It is calibrated over 

a wide range of angular rates. The turntable 

assembly is placed on the rate table so that the 

turntable axis is vertical and coincides with that of 

the rate table. The gyro unit is placed on the turn- 

table so that its input axis is also 'vertical. 

8-100. With the gyro unit energized, the servo 

lo0p closed, and the rate table rotating the turn- 

table assembly, the output signal from the signal 

generator will energize the servo motor. The 

turntable will then rotate with respect to the rate 

table (and the rest of the turntable assembly), but 

in the opposite direction. In the absence of mass 

unbalance, friction and reaction torques, and other 

drift-producing effects, the angular velocity of the 

turntable (called the controlled member angular 

velocity) would equal the angular velocity of the 
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Fig. 8-22. Typical plot of current squared - angular velocity sensitivity ratio versus torque generator input current squared. 

rate table (called the base angular velocity). Since 

these effects are always present, the base angular 

velocity - controlled member angular velocity 

ratio will never equal 1.00 unless the various drift 

components happen to cancel each other. 

8-101. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-102. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 20IGa 

10 ma d-c for the 201Gb. 

c .  Wheel excitation: 

0.2 amp/phase at 400 cps for the 2016a 

0.6 amp/phase at 400 cps for the ZOIGb. 

d. Position of gyro unit on turntable: input 

axis vertical upward. 

8—103. STEP-BY-STEP PROCEDURE. 

a. Place the test block on the turntable so 

that the gyro unit input axis is vertical upward. In 
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this position, the gyro will receive as an input a 

component of the earth's angular velocity. 

b. Apply the indicated excitation to the gyro 

unit. 

c. Energize the servo loop. 

d. Adjust the compensating resistance across 

the torque generator terminals to reduce the gyro 

drift due to the torque generator reaction torque, 

using the procedure of paragraph 8-42. 

e. Give the rate table an angular velocity 

equal to 418. 88 milliradians per second (the maxi- 

mum angular velocity of the rate table). 

f .  Record the time interval elapsed during 

which the rate table moves through an angle (equal 

to about 100 degrees) with respect to the turntable. 

This is doneby using as references division marks 

on the turntable and observing them through the 

microscope. 

g. Reverse the direction of rotation of the 

rate table, using the same rate. 

h. Repeat step f. 

i. Repeat steps e through h for reduced rates 

of the rate table, until the lowest rate obtainable 



has been used. In order to keep the elapsed times 

to a reasonable figure, reduce the observed angu- 

lar displacement .as the rates are lowered. 

8-104. TYPICAL TEST DATA. 

Average 
. Base 

Average A"99"" 
Base Dim”on Controlled Controlled Velocity— 

Angular of T i me Memb er Member Control I ed 

Velocity Rotation (sec) A99“ Angular Angular MWI’“ 
(mt/sec) about IA Velocity Velocity A0910?" 

(mr/ sec) (mr/ sec) 52:53:i 

Ratio 

418.88 + 3.73 900 422.0 417 0.996 

- 3.82 412.0 

209.44 + 7.66 90° 205.0 205.5 0.972 
- 7.78 202.0 

104.72 + 15.25 90° 103.0 103.00 0.984 

- 15.25 103.0 

52.36 + 29.72 90° 52.8 52.45 0.998 
- 30.22 52.1 

26.18 + 60.20 90° 26.1 26.1 0.997 
- 60.18 26.1 

13.09 + 40.02 30° 13.08 13.06 0.998 
- 40.15 13.05 

6.545 + 80.32 30° 6.53 6.545 1.000 
-— 79.90 6.56 

3.272 + 53.92 10° 3.23 3.26 0.998 
- 53.23 3.28 

1.636 + 54.63 5° 1.598 1.616 0.987 

— 53.42 1.633 

0.818 + 22.88 1° 0.762 0.774 0.947 

- 22.20 0.787 

0.4090 + 46.55 1° 0.375 0.392 0.958 
— 42.70 0.409 

0.2045 + 13.05 2.32 0.1780 0.1915 0.937 

— 11.35 mr 0.205 

0. 1023 + 23.00 2.32 0. 1008 0.1052 1.026 
- 21.18 111: 0.1095 

0.0511 + 52.58 2.32 0.0442 0.0572 1.120 

- 33.10 mr 0.0702 

0.0256 + 262.72 2.32 0.0082 0.0112 0.437 

- 162.96 mr 0.0142 

Note 

A typical plot of base angular velocity - controlled member 

angular velocity sensitivity ratio versus base angular velocity, 

based on the above data, appears in Fig. 8-23. 

8-105. DETERMINATION OF THE GRAVITY-SENSITIVE 
DRIFT RATE, COMPENSATED AND UNCOMPENSATED. 

8-106. EXPLANATORY INFORMATION. The 

purpose of this procedure is to make a final check 

of the gravity-sensitive component of the gyro drift 

rate, both with and without the aid of the compen- 

sating resistance used in the excitation circuit of 

the torque generator. The spin reference ads is 

placed in the vertical direction. The effect of earth 
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Fig. 8-23. Typical plot of base angular velocity - controlled 

member angular velocity sensitivity ratio versus base angular 

velocity. 

rate is eliminated by placing the input axis in the 

east-west direction. 

8-107. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-108. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 2016a 

10 ma d-c for the 201Gb. 

c .  Wheel excitation: 

0.2 amp/phase at 400 cps for the 2016a 

0.6 amp/phase at 400 cps for the 201Gb. 

01. Position of gyro unit on turntable: spin 

reference axis vertical, input axis in the east-west 

direction. 

8-109. STEP-BY-STEP PROCEDURE. 

a. Mount the test block on the turntable so 

that the spin reference axis is vertical, and the 

input axis is in the east-west direction. 

b. Apply the indicated excitation to the gyro 

unit. 

0 .  Energize the servo loop. 

d. Record the time necessary for the turntable 

to rotate one degree. Use the procedure of para- 

graph 8-43. 

e. Calculate the angular velocity of the turn- 

table - that is, the drift rate - in milliradians per 

second, using the data obtained in step d. If the 

drift is excessive, repeat the procedure for select- 

ing the torque generator compensating resistance 

that is described in paragraph 8-42. 
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f .  Repeat steps d and e, but with the torque 

generator compensating resistance disconnected. 

8—1 10. DETERMINATION OF THE NONGRAVITY-SENSITIVE 
DRIFT RATE, COMPENSATED AND UNCOMPENSATED. 

8-111. EXPLANATORY INFORMATION. The pur- 

pose of this procedure is to make a final check of 

the nongravity—sensitive component of the gyro 

drift rate, both with and without the aid of the com- 

pensating resistance used in the excitation circuit 

of the torque generator. The output axis is placed 

in the vertical direction. The effect of earth rate 

is eliminated by placing the input axis in the east— 

west direction. 

8—112. EQUIPMENT. In addition to the basic test 

setup, a stop watch is used. 

8-113. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps for the 201Ga 

10 ma d-c for  the 20IGb. 

c. Wheel excitation: 

0.2 amp/phase at 400 cps for the 2016a 

0.6 amp/phase at 400 cps for the 201Gb. 

d .  Position of gyro unit on turntable: output 

axis vertical, input axis in the east-west direction. 

8-114. STEP-BY-STEP PROCEDURE. 

a. Mount the test block on the turntable so 

that the gyro unit output axis is vertical downward, 

and the input axis is in the east-west direction. 

b. Apply the indicated excitation to the gyro 

unit. 

c. Energize the servo loop. 

d .  Record the time necessary for the turn- 

table to rotate one degree. Use the procedure of 

paragraph 8-43. 

e. Calculate the angular velocity of the turn- 

table - that is, the drift rate - in milliradians per 

second using the data obtained in step d.  If the 

drift is excessive, repeatthe procedure for select- 

ing the torque generator compensating resistance 

that is described in paragraph 8-42. 

f .  Repeat steps d and e, but with the torque 

generator compensating resistance disconnected. 
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8-115. FINAL BALANCE TRIM. 

8-116. EXPLANATORY INFORMATION. The 

purpose of this procedure is to effect a final balance 

of the floated units assembly and, consequently, to 

minimize the gyro drift. Two procedures made 

previously should be repeated. These are listed 

below, in the order in which they are to be per- 

formed: 

a. Mass unbalance adjustments without earth— 

rate effect (ref. paragraphs 8-44 through 8-48). 

b. Mass unbalance adjustments with earth- 

rate effect (ref. paragraphs 8-49 through 8-54). 

8-117. Refer to the referenced paragraphs for 

information. on equipment, initial conditions and 

step-by-step procedures. 

8-118. TYPICAL TEST DATA. 

a. Spin reference axis vertical downward; 

input axis in the east-west direction: gyro drift 

rate is less than 0. 01 milliradian per second. 

b. Input axis vertical upward; spin reference , 

axis horizontal: 

Turntable Angular Velocity 
Angle Time (Drift Rate + Earth Rate Component) 
(mt) (sec) (mr/ sec) 

- 2.32 38.4 - 0.0604 
- 2.32 45.5 - 0.0510 

- 2.32 35.5 - 0.0653 
— 2.32 36.5 - 0.0636 
- 2.32 39.6 - 0.0586 
- 2.32 42.9 - 0.0540 

- 2.32 41.4 - 0.0560 

- 2.32 39.3 - 0.0591 
- 2.32 44.4 - 0.0523 
- 2.32 39.9 - 0.0582 

Average turntable angular velocity : -- 0.05785 mr/ sec 

Known value of earth rate component: + 0.05 mr/ sec 

Average drift rate: - 0.00785 mt/ sec 

8—119. DETERMINATION OF CHARACTERISTIC TIME. 

8-120. EXPLANATORY INFORMATION. The 

dynamic properties of the gyro unit are specified 

in terms of a measured characteristic time, which 

is a parameter indicating the ability of the gyro unit 

to respond to sudden changes. 

8-121. EQUIPMENT. In addition to the basic test 

setup, a DuMont oscillosc0pe, a Polaroid camera, 

and a slip platform are used. The schematic 

diagram of Fig. 8-24 shows the method of setting 
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up the slip platform, oscilloscope and camera for 

this test. The slip platform is mounted on top of 

the turntable, and friction coupled to it, but free 

to rotate with respect to the turntable about the 

common axis by slipping, as shown in Fig. 8424. 

A pair of stop pins on the slip platform and another 

on the base of the turntable assembly can stop the 

angular velocity of the gyro unit stepwise for 

dynamic response tests when the gyro unit is 

mounted on the slip platform. The stop pins are 

electrically insulated in such a way that they can be 

used to make electrical contacts in a timing circuit 

at first touch. To prevent windup and breakage of 

the cable that connects the gyro unit on the slip 

platform to the rotor of the slip rings, a servo 

motor cutout disconnects the servo motor power 

when the relative angle change between the slip 

platform and the turntable exceeds a pre-set amount. 

The slip platform is easily removable from the 

turntable, so that it need be installed only during 

tests that require its features. 

8-122. INITIAL CONDITIONS. 

a. Signal generator excitation: 

125 ma at 400 cps. 

b. Torque generator excitation: 

100 ma at 400 cps, series connected, 

for a-c excitation; 10 ma d-c,  series connected, 

for d-c excitation. 

c .  Wheel excitation: 

0.6 amp/phase at 400 cps. 

d .  Position of gyro unit on slip platform: input 

axis vertical upwards. 

jj? GYRO-WHEEL AND SIGNAL 
GENERATOR EXCITATION 

SUPPLIES AND METER 

EXCITATION " T "" EXCITATION 

TORQUE m m 
GENERATOR TORQUE W SIGNAL 
EXCITATION GENERATOR GENERATOR 

SUPPLY 1m 
AND METER INPUT --—- OUTPUT 

SIGNAL GYRO WHEEL SIGNAL 

I .I. I A-C 
PINS ON SLIP: PLATFORM 

VOLTMETER 
A B 

(insulated) T: D-C 

SLIP PLATFORM “ M  l SOURCE 

E TURNTABLE J I I I; 
I I I 

‘ l l L r 

PINS ON BASE OF TURNTABLE ASSEMBLY 
(INSULATED) VERTICAL 

PLATES INPUT 

TURNTABLE 
SERVO GROUND 

MOTOR .I:___ 

_ _  OSCILLOSCOPE 

E- D-C SYNC 
; SOURCE INPUT 

SOLENOID- 
TURNTABLE OPERATED 

SERVO CAMERA 
AMPLIFIER ‘ . — 

Fig. 3-24. Schematic diagram oi the test setup for measuring characteristic time 
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8-123. STEP-BY-STEP PROCEDURE. 

a. Mount the slip platform on the turntable. 

b. Mount the test block on the slip platform 

with the gyro unit input axis vertical upwards. 

0. Adjust the horizontal sweep frequency of 

the oscilloscope to approximately 30 sweeps per 

second. 

d.  Mount a solenoid-operated Polaroid 

camera in front of the oscilloscope. 

Note 
As indicated in Fig. 8-34, the camera shutter is 

operated at the instant Pin A (on the base of the 

turntable assembly) makes contact with the pin on 

the slip platform. 

e. Apply the indicated excitation to the gyro 

unit. 

f .  Energize the servo loop. 

g. Allow the turntable to rotate the slip plat- 

form pins against the stationary pins on the base of 

the turntable assembly, so that the gyro rotation 

is suddenly stopped. 

h. Remove the photograph from the Polaroid 

camera and observe the oscilloscope trace. It 

should resemble the trace shown in Fig. 8—25. 

1. 0n the photograph draw a straight line con- 

necting the last few carrier peaks, as shown in 

Fig. 8-25. Extend the line to the time base line. 

j. The measured characteristic time is the 

time interval from the leading edge of the timing 

pulse to where the time axis intersects the straight 

line. 
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Fig. 8-25. Typical oscilloscope record of the characteristic 

time measurement for the 20IG gyro. 

8-124. TYPICAL TEST DATA. In the example 

shown in Fig. 8-25, the indicated characteristic 

time is about 0. 005 second. 

Note 

This completes the standard testing procedure ap- 

plied to 2016' Integrating Gyro Units at the Instru- 

mentation-Laboratory, M. I. T. 



APPENDIX A 

20lG ASSEMBLY RECORD BOOK 

Prepared by: ZOIG ASSEMBLY RECORD BOOK 

Date: 

Gyro Unit No. . (This number is to be scribed on 20-pin connector) 

For Project No. 

Date Started Date Completed 

Notes. 

Note 
As the steps of the detailed assembly procedure are performed, the appropriate circles 

and blanks in the Assembly Record Book should be checked and completed, respectively. 

This will help to keep track of progress during the assembly procedure and serve as  a 

record that the basic steps of the procedure have been carried out. A separate record J 

book is used for each gyro unit being assembled. It is important to note that the Assembly 

Record Book should not be used as a substitute for the detailed assembly procedure 

presented in Sections IV through VII. 

Sheet 1 
of 15 
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Date: of 15 

MOTOR ASSEHBLY 

ROTOR 

Rotor Type: 

Rotor bore diameter (Air Gauge) as received: inch at 72° F (room temp.) 

Rotor bore diameter (Air Gauge) after honing: inch at 72° F (room temp.) 

Rotor No. 00-96 tapped holes cleaned and screws fitted. O 

Hysteresis ring and bushing assembled. O 

Rotor checked for hysteresis ring chips.O 

SHAFT 

Shaft diameter at bearing surface (Elec. Ind. Gauge) as received:__inch at 72° F. 

Shaft diameter at bearing surface (after fitting):___ inch at 72° F. 

Nut fitted to shaft. 0 

BEARINGS 

Bearing Type: Spring Retainer O Synthane 0 

Manufacturer: Manufacturer's Designation: 

Lubrication Type: Grease 0 Oil 0 Dry 0 

Lubricant Manufacturer:_____ Manufacturer's Designation: 

Where Applied: Balls 0 Retainer O Races O 

Bearings centrifuged. O 

Rotor heated to 250° F. O 

Bearings and outer race spacer pushed home with arbor press. Inner race spacer 

dropped in place. 0 

Caution 
Bearings are assembled with lettering an outer races facing each other. 

The use of a plastic hammer or any rapping device is prohibited. 

Bearing retainer assembled with six, No. 00-96, 3/32 inch long, flat fillister 

head screws; screws tightened while at 250° F. O 

MOTOR STATOR 

Stator visually inspected under microscope for impregnation sloppiness on 

laminations, hub and hub seat faces. 0 

Stator terminal board securely in place. 0 
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Prepared by: ZOIG ASSEMBLY RECORD BOOK Sheet 3 

Date: of 15 

MOTOR STATOR (Cont.) 

Stator shaft hole and mating motor shaft checked for push fit. 0 

Winding resistance: Phase G3 - G1_.___ ohms 

Phase 62 - 61 ohms 

Phase G3 - :2 ohms 

FLOATED UNITS ASSEMBLY 

Copper plating of the gimbal shell and gimbal fork inspected to insure that there are 

no blisters, pock marks, or bad scratches on critically mating surfaces. 0 

Three No. 000-120 holes in gimbal shell retapped and pivot cone seat cleaned.O 

Gimbal fork Stupakoff bore diameter (small hole gauge):_.____.inch. 

Stupakoff outside diameter (micrometer):____inch. 

Stupakoff inspected under microscope for presence of through cracks.O 

Insulation resistance meter check for grounds.O 

Cone seat and No. 000-120 thread in Stupakoff cleaned.O 

Pivot seating checked.O 

No. 1-64 NC -2 hole in,gimbal fork retapped and metal chips removed with vacuum hose.O 

Wire clamp checked for proper seating in gimbal fork (clamp must be flush with 

surface).O 

Power lead—in holes in gimbal fork cleaned and sized to receive silicon-rubber-fiber 

glass insulating sleeves.O 

Inside of gimbal fork shaft coated with soldering flux.O 

Stupakoff prOperly seated in gimbal shaft (rim should be 0. 005 inch to 0. 010 inch 

below t0p of gimbal shaft).O 

Soldering Procedure: Mount gimbal fork in discarded gimbal shell.O 

Mount shell in pOSitioning device.O 

Place a ring of 50/50 solder around upper circumference 

of Stupakoff.O 

Apply heat to gimbal fork shaft by induction soldering machine.O 

Float Runout Procedure: Assemble gimbal fork and gimbal shell. (They must be 

positioned with respect to one another just as in final 

assembly. ) 0  
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Float Runout Procedure (Cont. ): 

Check the alignment of the parts by resting the Microsyn rotor 

mounting pads on a pair of V-blocks. (Correct alignment 

is assured when the flats of both rotor pads lie flush 

against the blocks. ) 0  

Insert pivots with a runout less than 0. 0001 inch T.I.  R. in 

each shaft.O 

Place assembly between jewel centers.O 

Record runout on damping surface at balance end:_inch. 

Record runout on damping surface at Stupakoff end:_inch. 

Repeat Stupakoff soldering procedure if runout exceeds 

0. 0002 inch T.I. 3.0 

Disassemble if found satisfactory.O 

Gimbal cleaned in acetone to remove soldering flux.O 

Wire clamp inserted and pulled up snugly with No. 1-64 screw.O 

Check made for grounds between power lead-in wires and gimbal fork using insulation 

resistance meter.O 

Record exact reading: G3_ohms, G2._ohms, Gl__'ohms. 

(Resistances should be greater than 2 megohms.) 

Gimbal forked placed in oven and cured at °F for—hrs. 

Recheck made for grounds after curing: 

G3_ohms, G2__ohms, G1_ohms. 

BALANCE ASSEMBLY 

Select a balance assembly and measure the inside diameter (small hole gauge):_inch. 

Measure mating shaft diameter of the float shell (micrometer): inch. 

If necessary, polish shaft until balance assembly fits with light push fit.O 

Record final float shell shaft diameter: inch. 

Gimbal shell washed and packaged for future use.O 

Small balance nuts poised.O 

Each balance stud and mating nut checked for smooth mating along entire 

length of stud. (If necessary, apply Molykote to balance studs. Rinse 

off assembly in acetone to remove any chips after smooth mating is assured. )O 
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Date: 

Sheet 5 
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BALANCE ASSEMBLY (Cont.) 

Record largest turning torque (torque wrench) of small balance nuts (Maximum 

allowable torque is 2-1/2 inch-ounces.) 

SRA Nut: in.-oz. IA Nut: inroz. 

Record least turning torque. 

SRA Nut: ins-oz. IA Nut: int-oz. 

Balance assembly cleaned and packaged for future use.O 

SELECTING THE MOTOR SPACERS ' 

Select nominal motor shaft u_pp£1_' spacer:_____inch thick. 

Select nominal motor shaft m spacer inch thick. 

Measure over-all length of spacers plus gyro rotor (bearing assembled) plus 

motor stator with a micrometer:_____inch. 

Measure the opening between gimbal fork prongs with telescoping gauge“ inch. 

It must be remembered that the gimbal fork must be sprung apart between 0.001 inch and 
0.002 inch to permit assembly of gyro motor. 

Record the difference in the dimensions: inch. 

ASSEMBLY OF GYRO MOTOR 

Gyro shaft checked for very snug push fit through gimbal fork (sprinkle Molykote 

on shaft and rub in before attempting to fit shaft). 0 

Align the motor component parts with the motor shaft holes, drop the motor shaft 

in place, and secure with the motor shaft nut. Remember, the prongs of 

the gimbal fork will have to be sprung apart.O 

Turn up shaft nut to a 40 inch-ounce torque, using Molykote under shaft nut to 

reduce friction.O 

MINIMIZING THE PENDULOSITY 

Gimbal fork and gimbal shell assembled together, observing previous alignment-.0 

Balance assembly removed from plastic bag and secured on gimbal shell shaft. 0 

Pivots in place.O 

Support floated units assembly between jewel centers.O 

Pendulosity of floated units assembly minimized.O 

I (One full turn of large balance nut corresponds to moving motor 

assemb1y__ inch; one full turn of small balance nut corresponds to 

inch. ) moving the motor assembly 
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Prepared by: 
Date: 

ZOIG ASSEMBLY RECORD BOOK Sheet 6 
of 15 

MINIMIZING THE PENDULOSITY (Cont.) 

Any pendulosity resulting from the gyro motor assembly along SRA should be 

removed by changing the thickness of each spacer, remembering still 

to keep the sum of the two spacer dimensions constant. The spacers 

should have parallel faces. 

Record upper spacer final thickness: inch. 

Record lower spacer final thickness:_______inch. 

Remove gyro motor from gimbal fork.O 

Weigh gyro rotor: gm. 

Weigh motor stator:_____gm. 

Weigh motor upper spacer: gm. 

Weigh motor lower spacer- gm. 

Weigh gyro motor shaft:_____.gm. 

Weigh ‘shaft nut: gm. 

Total weight: gm. 

RUNNING IN THE BEARINGS 

i50 

Solder temporary power leads to motor and insert motor in receptacle inside 

heat chamber.O 

Temporary power leads connected to terminal strip inside the heat chamber. 

(Correct phase relationship observed, i. e .  , G1 to G1, G2 to 62, G3 to G3.) 0 

Apply a 6-volt, 2-phase, 400-cycle per second, a-c voltage to the leads. (Phase 

currents should be equal and not exceed 0. 8 ampere per phase or 

0. 4 ampere per phase for high-impedance motors. ) 0  

Run motor for 15 minutes and note coast time :____sec. 

If coast time exceeds 24 seconds, tighten bearing retainer screws. Recheck 

shaft nut; adjust if necessary to a 40 inch-ounce torque.O 

Recheck coast time:____second. 

Glass window on oven secure.O 

Add 1 psig of helium to oven. 0 

Oven flushed once or twice. 0 

Temperature of oven adjusted to 168° F and motor assembly allowed to come up 

to heat. (Approximately 1 hour. ) O 
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Prepared by: ZOIG ASSEMBLY RECORD BOOK Sheet 7 

‘ Date: of 15 

RUNNING IN THE BEARINGS (Cont.) 

Motor run for one hour.O 

Listen to motor (while running) with a stethesCOpe.O 

Note any unusual grittiness or erratic tone. Motor should have a dry metallic 

whine . 0 

Note coast time after one hour run in: sec. 

If time is satisfactory, run motor for 40 hours and record the following: 

Date Time Volts Amps. . Sec. 

After 10 hrs. 

After 20 hrs. 

After 30 hrs. 

After 40 hrs. 

Remove motor from heat chamber and unsolder temporary leads.O 

Stupakoff leads soldered to gyro terminal board with correct phase relationship 

observed. 0 

Leads clear wheel. 0 

Float shell and gimbal fork soldered together using special soldering fixture and 

induction soldering machine. 0 

Outside surface of gimbal shell polished to remove copper plating.O 

Runout at balance assembly end of damping surface rechecked: inch. 

Runout at Stupakoff end of damping surface rechecked: inch. 

Air removed from inside the float by using the vacuum pump arrangement.O 

Float filled with helium at a pressure of 4 psig.O 

Evacuation procedure repeated and float refilled at 3, 2 and 1 psig.O 

Copper tubing on gimbal fork crimped and solder sealed.O 

Leak test the float with mass spectrometer. (Float must be full of helium to 

make the leak test. ) 0  

SELECTING MICROSYN COMPONENTS (Refer to Microsyn check-off sheet for 

tested and approved Microsyns.) 

Record signal generator stator type number: 

Record torque generator stator type number- 
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SELECTING MICROSYN COMPONENTS (Cont.) 

Record signal generator rotor serial number: 

Record torque generator rotor serial number: 

Record weight of signal generator rotor: grams. 

Record weight of torque generator rotor:__grams. 

PREPARING THE MICROSYN STATOR FOR ASSEMBLY 

Stator mounts secured to stator cores with teflon bushings, stainless steel 

screws and nuts.O 

Pigtails cut to appropriate lengths; booting and wire strands inspected to see 

that there are no loose strands of booting and that none of the original 

strands are cut off.O 

Cut ends of pigtails thoroughly cleaned. 0 

Cut ends of pigtails tinned.O 

Pigtails soldered to appropriate stator pins.O 

Coil winding resistances checked (see table at end of Assembly Record Book).O 

Mounting feet checked for squareness, and any sharpness or roughness along 

the edges of the mounting feet removed.O 

Microsyn stators placed in plastic bags for future use.O 

END-FOR-END AND ROTATIONAL BALANCE IN FLUOROLUBE 

Signal generator rotor fastened down with clamping screws. ("X" marking on 

-SRA, facing gimbal shell. ) 0 

Torque generator rotor fastened down with clamping screws. (")I" marking on 

—SRA, facing gimbal shell. )0 

Balance assembly and pivots in place. 0 

Floated units assembly supported at pivots by chains of a pair of analytical 

balances.O 

Add sufficient weights to both balance pans to balance floated units assembly.O 

Pan weight at balance assembly end before balancing: gm. 

Pan weight at Stupakoff end before balancing: gm. 

Total weight (floated units assembly weight) before balancing: gm. 

Floated units assembly suspended in Fluorolube tank so that assembly rests 

midway between the top and bottom of the tank. 0 
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END-FOR-END BALANCE IN FLUOROLUBE (Cont.) 

Floated units assembly end-:for-end balance obtained in Fluorolube.O 

Pan weight at balance assembly end after balancing:__gm. 

Pan weight at Stupakoff end after balancing:____gm. 

Total weight (floated units assembly) after balancing: 

HOUSING ASSEMBLIES 

SIGNAL GENERATOR END HOUSIN G 

gm. 

Pin connector wires cut; booting strips, and strands of wire inspected.O 

Wires soldered in pin connector.O 

Wire screen induction soldered to signal generator end housing.O 

Insulating booting slipped over all pin connector wires except the two sensing-coil 

leads. 

Pin connector wires threaded through signal generator end housing.O 

Pin connector induction soldered to signal generator end housing.O 

JeWel assembly checked for dirt deposits and looseness of jewel bearing inside 

jewel holder.O 

Jewel holder extractor and jewel assembly inserted in signal generator end 

housing. (Make sure jewel holder bottoms. ) 0  

Balance forks inserted and held in place by pins.O 

O—ring, pressure washer, and pressure screw inserted over each balance 

fork stem. 0 

Signal generator end housing washed clean in industrial washing machine.O 

MAIN HOUSING 

Check for presence of stop pin.O 

Sensing coil wound and resistance checked:___ohms. 

Outside diameter of float (micrometer): inch. 

Damping gap:__inch. 

BAFFLE PLATE 

Brass power-lead terminals permanently bonded to baffle plate.O 

Flex leads formed and annealed. 0 

Flex leads soldered to power-lead terminals.O 
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TORQUE MOTOR END CAP ASSEMBLY 

Dirt and foreign matter removed from jewel bearing by injecting ether inside 

bearing.O 

Jewel holder pushed lightly into end cap.O . 

Positioning of pivot checked with respect to jewel bearing. 0 

Eccentric power lead baffle cam in place.O 

OVER-ALL ASSEMBLY 

Check made for any dirt or foreign matter inside signal generator end housing 

and in jewel assembly.O 

Check made for any dirt or foreign matter on threads that engage mating threads 

of outer case.O 

' Check made to see that no bare wires are in evidence as leads come out of 

signal generator end housing.O 

Float lowered inside main housing; stop pin engages stop-pin hole.O 

No. 1 and No. 2 shield in place.O 

Signal generator stator assembled with feet facing main housing. (Make sure that 

positive spin reference axis directions of both the stator assembly and 

main housing are in correct alignment. ) 0  

Microsyn filler block smooth surface flush against stator. 0 

Balance assembly in place.O 

Main housing and signal generator end housing firmly pressed together and joined 

with 4 signal generator tie rods.O 

Signal generator stator leads soldered to 20-pin connector leads.O 

Signal generator resistances, resistances to ground, and insulation resistance 

between windings checked and values entered in table. 0 

Soldered ends inserted into wire clamps and clamps secured to main nousing.O 

Sensing-coil wires soldered and inserted in wire clamp; wire clamp secured to 7 

main housing.O 

Torque generator stator correctly positioned on main housing.O 

Torque generator stator leads soldered to 20 pin-connector leads.O 

Torque generator resistances, resistances to ground, and insulation resistance 

between windings checked and values entered in table. 0 

Microsyn filler block smooth surface flush against stator.O 
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EN D-SHAKE MEASUREMENTS 

inch. Height of bottom of adapter ring above micrometer zero. D(ref): 

inch. Height of top of upper pivot above micrometer zero. D1: 

Distance from top of torque motor end housing sleeve to top of upper pivot. 

inch. I)2 baO = D(ref) ’ D1: 

Height of top of ball above micrometer zero. D3: inch. 

Distance from top of torque motor end housing sleeve to bottom of ball. 

D4 = D3 - D(ref):—— inch. 

Amount to be machined from torque motor end housing. D5 = D2 - D4:_._ inch. 

Amount to be machined off shaft of jewel ball retainer:.____ inch. 

End shake:____. inch. 

Torque motor end housing sleeve fastened down with torque motor tie rods.O 

Baffle plate inserted observing correct alignment.O 

Motor leads from 20-pin connector soldered to baffle plate.O 

Flex leads soldered to Stupakoff Kovar rods.O 

Motor resistances checked and noted in table at end of Assembly Record Book. 0 

Torque motor end housing cap fastened down.O 

Baffle plate fastened to torque motor end cap by means of 3 No. 0-80 NF-2 flat 

fillister head machine screws. 0 

Ball retainer fastened in place. 0 

MICROSYN CENTERING DATA 

SIGNAL GENERATOR 

Signal Generator M. Y._____ Stator No. Rotor No. 

Sensitivity___ mv/mr with____ ma or volts.___ cps excitation. 

ROTATIONAL CENTERING 

Oscillator frequency set at 400 cycles per second. 0 

Signal generator primary excitation set at 125 ma at 400 cps.O 

Signal generator tie rods loosened. 0 

Torque motor energized to drive float. O 

Clockwise stop-position voltage with tie rods loosened: mv. 

Counterclockwise stOp-position voltage with tie rods loosened: mv. 

(If stOp-position voltages are unequal, rotate stator so that voltages at 

stops increase or decrease as required.) 
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ROTATIONAL CENTERING (Cont. ) 

Clockwise stop-position in voltage:___ mv. 

Counterclockwise stOp-position voltage:___mv. 

Minimum (null) voltage:___mv. 

RADIAL CENTERIN G ALONG Y (LONG) AXIS 

Rotor in null position. 0 

TORQUE -0FF-RESTRA1NT switch in OFF position. 0 

Radial null voltage with signal generator primary winding excited: mv. 

Side shake determined by tipping centering fixture approximately 30 degrees, 

first in one direction and then in opposite direction about X-axis. 0 

Record the change in voltage: 

RADIAL CENTERING ALONG X (SHORT) AXIS 

mv. 

Signal generator secondary excitation set at 125 ma at 400 cps.O 

Minimum voltage on radial vacuum tube voltmeter:___mv. ‘ 

REPEAT SIGNAL GENERATOR CENTERING PROCEDURE 

Record the following optimum values. 

Voltages at stops: CW mv. C(NJ___mv. 

Angular null voltage:_____mv. 

Radial voltage with primary excited (Y-axis centering) :___mv. 

Radial voltage with secondary excited (X-aids centering) :.____mv. 

Signal generator tie rods tightened.O 

Retract adjusting rods and pressure rods from Microsyn stator and repeat and 

record centering measurements. 

Voltages at stops: CW mv. CCW___mv. 

Angular null voltage:___mv. 

Radial voltage with primary excited (Y-axis centering):____mv. 

mv. Radial voltage with secondary excited (x-axis centering): 

TORQUE GENERATOR 

Torque Generator M. Y. Stator No. _ _  Rotor No. 

Sensitivity dyne-cm/ma2 with 400 cps excitation. 
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ROTATION AL CENTERING (Cont.) 

Torque motor primary excitation set at 100 ma at 400 cps.O 

Torque motor tie rods loosened.O 

Signal generator energized to drive float. O 

Clockwise stop-position voltage with tie rods loosened: 

ROTATIONAL CENTERING 

Counterclockwise stop-position voltage with tie rods loosened: 

mv. 

mv. 

(If stop-position voltages are unequal, rotate stator so that voltages at 

stops increase or decrease as required.) 

mv. Clockwise stop-position voltage: 

mv. Counterclockwise stOp-position voltage: 

Minimum (null) voltage° mv. 

RADIAL CENTERING ALONG Y (LONG) AXIS 

Rotor in null position.O 

TORQUE -OFF-RESTRAINT switch in OFF position. 

Radial null voltage with torque motor secondary winding excited: mv. 

RADIAL CENTERING ALONG X (SHORT) AXIS 

Radial null voltage with torque motor primary winding excited: mv. 

REPEAT TORQUE MOTOR CENTERING PROCEDURE 

Record the following optimum values. 

Voltages at stops: CW mv. CCW mv. 

Angular null voltage: mv. 

Radial voltage with secondary winding excited (Y-axis centering) :_mv. 

Radial voltage with primary winding excited (X-axis centering): mv. 

Torque motor tie rods tightened.O 

Retract adjusting rods and pressure rods from Microsyn stator and repeat and 

record centering measurements. 

Voltages at stops: CW mv. CCW mv. 

Angular null voltage: mv. 

Radial voltage with secondary winding excited (Y-axls centering): mv. 

Radial voltage with primary winding excited (X-axis centering): mv. 
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FLEX LEAD NULL ADJUSTED TO SIGNAL GENERATOR NULL 

Test setup the same as for rotational centering of signal generator.O 

Signal generator rotor at null position.O 

TORQUE-OFF-RESTRAINT switch OFF. 0 

Minimum voltage from angular voltmeter: ___.mv. 

FRICTION LEVEL 

Test setup the same as for rotational centering of signal generator. 0 

Signal generator rotor at null position. 

Observe voltage readings of Primary Input Voltmeter and Secondary Input 

Voltmeter when float begins to move away from null when torqued by 

torque motor. Repeat in opposite direction. 

Clockwise Rotation: Counterclockwise Rotation: 

Primary Voltage: ____mv. Primary Voltage:____mv. 

Secondary Voltage: _ _  mv. ’ Secondary Voltage: mv. 

Primary Voltage x Secondary Voltage 

100 
Friction Level = x Torque Motor Sensitivity 

dyne-cm 

Note 
The primary input voltmeter and the secondary input voltmeter are each set up to read 
the voltage across a 10-ohm resistor. Therefore, the current inputs (in milliamperes) into 

the primary and secondary circuits of the torque motor are found by dividing the voltage 
readings (in millivolts) by ten. The sensitivity of the torque motor has the units of dyne 
centimeters per (milliamperefl. 

FILLING DATA 

Fluorolube type: _ _  at _ _  ° F. 

Assembled gyro unit checkedfor leaks. 

Kinney pump started (time): 

Megovac pump started (time): 

Pirani gauge reading when diffusion pump started: microns. 

Diffusion pumps started (time): I 

microns. Pirani gauge reading when sealing screw dropped and valve opened: 

Sealing screw dropped and valve opened (time): 
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Fluid showing in glass bulb (time): 

Sealing screw raised and valve closed (time): 

Heater switch turned off (time): 

Capper tubing crimped and soldered (time): 

Sealing screw replaced by filling screw. 0 

Gyro unit placed in oven set at 165° F for 20 minutes.O 

Filling screw 'soldered in place.O 

Final electrical check made and results entered in tables.O 

Microsyn centering rechecked.O 

Unit ready for test. 0 

Gyro motor stator-winding resistance check list. 

Nominal Value Check Before Check After Check After Check After Check Before 
Resistance of Resistance Assembly of Assembly of Check Before Filling When Filling When Delivery 

Across (ohms) Power Leads Power Leads Filling Gyro Gyro is Hot Gyro is Cold of Gyro 

G1 - (52 
or 

N - B 4.2 

GI - G3 
or 

N - A 4.2 

62 - G3 
or 

B — A 9 

G1 - Ground 
or More than 

N - Ground 2 megohms 

GZ - Ground 
or More than 

B - Ground 2 mcgohms 

G3 - Ground 
or More than 

A - Ground 2 megohms 
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Microsyn resistance check sheet. 

Signal generator MY, 1.5-25 Rotor No. Stator No. 
Torque motor MY 1.5-4 Rotor No. Stator No; 

Check Check Check Check ' 

Nominal Before After Before After Check Check Check 
Resistance ' Value Soldering Soldering Assembly Assembly Before Before After 

Across (ohms) Pigtails Pigtails into Unit into Unit Centering Filling Filling 

Pl  — P2 7.0 

P1 - PICT 3.5 
FILLING PIN 

P2 — PICT 3.5 (used for filling gyro unit 
with flotation fluid) 

Pl - PIQA 5.0 

P2 — PlQA 2.0 

PICT — PIQA 2.0 

$1 — S2 280 

$1 — SICT 140 

$2 - SlCT 140 

more than — ’  
P1 - GND 2 1111330t IA 

P2 — GND 

PlCT - GND 

PIQA — GND 
_ SENSING SENSING 

81 GND PIN ‘ PIN 

$2 — GND i35§§£¥§§‘°¥R8Fu§&R%‘iii _ G ‘ 
5 ICT GND CONNECTOR 
P1 - 51 ll 

T1 — T2 32 

T1 — TICT 16 

T2 - TICT 16 

T3 - T4 24 

T3 — T3CT 12 

T4 — T3CT 12 

T1 - TIQA 24 

T2 L. TlQA '3 

TICT - TlQA 8 

more than 
T1 '- GND 2 megohms 

T2 — GND 

TICT - GND 

T3 — GND 

T4 — GND 

T3CT — GND 

TIQA - GND 

T1 — T3 1} 
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APPENDIX B 

A STATISTICAL ANALYSIS OF THE 20 SERIES OF 

FLOATED INSTRUMENTS 

7 

Mr. Godfrey I'Iorris* 

ELLIOTT BROTHERS, LTD. 
London, England 
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Acknbwledgment is due to the staff of the Miniature Components Group at the Instru- 

mentation Laboratory for providing the data summarized in this report. Under the direction 

- of Mr. Lester R. Grohe, Assistant Director for Miniature Components at the Instrumentation 

Laboratory, these data have been painstakingly gathered and correlated over a period of 

several years. 

( from Instrumentation Laboratory Internal Report 53534,, dated June, 1956, in) 

which the material of this appendix was originally published. 

Data relating to the prOperties, performance 

and history of the various units of the 20" series 

of floated instruments that have been produced by 

the Instrumentation Laboratory, M. I. T,., have been 

transcribed from the assembly record books into the 

form of a units history. Among the items tabulated 

in the units history are the faults found in this series 

of instruments, represented by failures and other 

untoward incidents that have occurred during the 

assembly and use of the instruments. The object of 

this appendix is to summarize this information and 

toindicate the frequency of occurrence of each type 

of incident. 

Some degree of uncertainty must be assumed to 

exist in this study. The assembly record books have 

been compiled by many different technicians over 

a period of several years, so that there are dif- 

ferences inemphasis and in the completeness of the 

records. Also, it is unlikely that the real cause 

of afailure has been discerned with equal precision. 

" This report was prepared by Mr. Harris while observing gyro 

assembly and testing methods used at the Instrumentation Laboratory, 

M. I. .T. 

" The designation "20” refers to the diameter of the case in 

tenths of inches. 

It is probable in some cases that an effect rather 

than aprime cause has been recorded as the reason 

for a failure. 

The various types of instruments that have been 

considered in the analysis are tabulated in Table 

B-1. The total number of instruments included is 

slightly less than the number actually built. *** In 

a few instances, the records of particular instru- 

ments were not available at the time of this study; 

these instruments have not been included in the 

totals. 

Table B-2 lists the nature of the various inci- 

dents that have occurred. These are totaled under 

two headings: the number of times a given type of 

incident has occurred during assembly, and the 

number of times agiven type of incident has neces- 

sitated the Opening of a completed instrument. 

Figure B- l  has been included to show the compo- 

nents in which the different incidents have occurred. 

Tables B-3,  B-4 and B-5 summarize the types of 

‘“ Some earlier instruments were rebuilt several times, sometimes 

in a different form. Depending upon the individual circumstances, 

the rebuilt units were considered as either the same unit or as an 

entirely new unit. Thus the number of units considered to have been 

actually built is somewhat arbitrary. 
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incidents for gyrosc0pic instruments, nongyro- 

scOpic instruments, and Microsyn units, respec- 

tively. 

Figure B-2 shows on a time base the approxi- 

mate date of the first completion of the various 

instruments analyzed. Also are shown the approxi- 

mate dates of occurrence of the various incidents. 

Sometimes the dates are not given in the records 

and so have been inferred with as much accuracy 

as possible. 

The total of electrical faults given in Table B-3 

includes Microsyn electrical failures but does not 

include failure of flex leads by burning out. Such 

burning out was due to either an electrical fault, a 

maladjustment external to the instrument (note the 

series of flex-lead incidents during February and 

March, 1954, in Fig. B-2) ,  or a tendency for flex 

leads to bend in the plane of the flex-lead material 

when carrying a heavy current. This sideways 

flexure caused the flex leads to short against the 

end plate. To overcome this, the end plates have 

been insulated by hard anodizing, and the flex-lea‘d 

current has been reduced by the introduction of 

high-impedance motor windings. These features 

first appeared in September of .1954, and it may be 

significant that there have been no flex-lead inci- 

dents since that time. 

Table B-I. The various instruments of the 20 series that 
have been considered in the analysis. 

Number of 
Microsyn Units 

Instruments Quantity in Each Instrument 

Gyroscopic Instruments 

20 IG Integrating Gyro Unit 84 2 

20 RG Rate Gyro Unit 8 1 

20 PIG Pendulous Integrating Gyro 
Unit 7 2 ' 

Nongyroscopic Instruments 

20 F P Floated Pendulum Unit 6 ‘2 

20 EPA Elastic Pendulous Accel- 
erometer Unit 3 1 
20 VI Viscous Integrator Unit 2 2 

Total number of gyroscopic instruments 99 

Total number of nongyroscopic instruments 11 

Total number of Microsyn units involved 209 

Table 3-2. A summation of the incidents that have occurred in the various instruments of the 20 series noted in Table B-I. 

Gyroscopic Instruments Nongyroscopic Instruments 

Occurred Required Occurred Required 
Nature of Incident During Opening a Total During Opening a Total 

Assembly Completed Assembly Completed 
Instrument Instrument 

Microsyn: Electrical fault \ 8 14 22 l 1 
Mechanical fault 9 1 IO 

Flex leads: Burned out 9 9 
Other incidents 1 5 6 

Motor: Rotor bearing fault1 5 1 6 
Stator electrical fault I 1 

Insulation of connectors and wiring broke down 4 7 l l  1 1 

Gimbal bearings: Faulty jewel S 5 
Faulty end ball 3 1 4 
Faulty pivot 3 4 xfWVHD 7 1 l 

Leakage: Float 3 3 
Outer case 3 3 6 

Macrodirt2 3 3 

Other causes: Filling tube blocked 2 g 2 
Excessive balance cross-coupling I 1 2 
Bellows distorted 1 1 

Faulty: Jewel extractor l 1 

Stop pin 1 1 2 
Centering 1 l 
Filling procedure 1 1 

Pendulosity incorrect l 1 
Combination of eccentricities I .  1 

Excessive float run-out 1 1 
Balance arms too long 1 1 
Unit "sticky" I 1 
Unit dropped 1 1 

Unit opened but no reason given 2 2 

TOTALS 57 54 111 2 1 3 

Notes: 
1. Some rotor bearing failures are believed to have been caused by distillation of solvents from insulation and potting media onto balls and race-ways. 

2. Macrodirr means obvious, observable dirt or contamination. Certain bearing failures, however, may have been caused by unobservable microdirt. 
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Table 3-3. A summary of incidents for gyroscopie 
instruments of the 20 series. 

99 Instruments Considered 

1 1 1 incidents 

36 without incidents 

63 with incidents . _. _. .. _ 63.7% of gyroscopic instruments 

1.12 per gyroscopic instrument 
1.76 per faulty gyroscopic instrument 

Total electrical faults" baO = 34 30.6% of all incidents 

Table 3-4. A summary of incidents for nongyroscopic 
instruments of the 20 series. 

11 Instruments Considered 

9 without incidents 3 Incidents: 1 Microsyn electrical fault 

I insulation fault 

I pivot fault 

2 with incidents 

Microsyn faults = 32 = 28.8% of all incidents 

Jewel bearing faults = 16 = 14.4% of all incidents Table 8-5. A summary of incidents for Microsyn units 
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Flex lead incidents = 15 = 13.5% of all incidents “5°d ill the 20 series. 

Leakage incidents = 9 = 8.1% of all incidents 

Rotor bearing faults — 6 = 5.4% of all incidents 209 Microsyn Units Considered 

' = = 2. f 11 ’ 'd 
Presence 0f macrodirt 3 7% o a ma ents 33 faults . .. .. ....................... = 15.8% of total Microsyn units 

’ See comment in text. 23 electrical faults . .. I. .- '. .- _. _ = 69.8% of Microsyn faults 
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MICROSYN UNIT MICROSYN UNIT PLATE 

(signal generator) (torque generator) 

Fig. 3-1. Assembly drawing of a typical ZOIG integrating gyro unit. (This gyro unit includes all the components in which various 
incidents associated with the 20 series of floated instruments have occurred.) 
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@ 0 

Motor rotor . 
bearing fault . . . . . 

Motor stator 
electrical 0 
fault 

Insulation . 
breakdown 0 0 0 0 0 0 A 0 0 0 0 

Gimbal Q Q Q 
bearing assembly 0 0 0 0 0 0 0 0 0 0 0 @ 0 A 

fault 

Float 
leakage . . . 

ou . LEGEND 
ter (:08! Gyrosco ic Instruments 

IIultq O . . . . .20IG lIlntegroting Gyro Unit 

020RG Rate Gyro‘Unit 
@2OPIG Pendulous Integrating Gyro Unit 

Macrodirt . . . Nongyroscopic Instruments. 
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Fig. 8-2. Scatter chart of the various incidents during the production program for the 20 series of floated instruments. 
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APPENDIX c 

PARTS LIST FOR THE 20|GIINTEGRATING GYRO UNIT 

MOTOR ASSEMBLY 

Rotor. 7. Stator. 

Bushing. - 8. Bearing Retainer. 

Hysteresis Ring. - 9. No. 00-96 Flat Fillister Head Machine 

Motor Shaft. Screw, 3/32 inch long (six required). 

Motor Bearing (two required). 10. Motor Shaft Nut. 

Bearing Preload Spacer (two required). 

FLOATED UNITS ASSEMBLY 

Gimbal Fork. 8. Balance Nut (four required, two heavy and 

Gimbal Shell. two light). 

Power Lead-in Body. 9. No; 000-120 Flat Head Machine Screw, 

Power Lead-in Wire Clamp. 5/32 inch long (three required). 

No. 1-64 NC-2 Flat Head Machine Screw, 10. Microsyn Signal Generator Rotor. 

5/16 inch long (one required). 11. Microsyn Torque Generator Rotor. 

Pivot Assembly (two required). 12. No. 1-64 NC-Z Rotor Clamp Screw 

Balance Assembly (one required). (four required). 

13. Motor Spacer (two required). 

MICROSYN COMPONENTS 

Microsyn Signal Generator Stator. 5. No. 2-56 NC -2 Fillister Head Machine 

Microsyn Torque Motor Stator. Screw, 5/16 inch long (eight required). 

Microsyn Stator Mount (two required). . 6. Stator Nut (eight required). 

Stator Screw Bushing (eight required). 7. Microsyn Filler Block (two required). 

SIGNAL GENERATOR END HOUSING ASSEMBLY 

Signal Generator End Housing 7. C-Ring (two required). 

Wire Screening. 8. O-Ring Pressure Washer (two required). 

ZO-Pin Connector. 9. O-Ring Pressure Screw (two required). 

No. 0-80 NF-2 Filling Screw. 10. Balance Fork Cover (two required). 

Balance Adjustment Fork (two required). 11. Jewel Assembly. 

Balance Adjustment Fork Retaining Pin 12. Jewel Holder Extractor. 

(four required). 

MAIN HOUSING ASSEMBLY 

Main Housing. 5. Two-Hole Wire Clip (three required). 

Sensing—Coil Form. 6. Three-Hole Wire Clip. 

Magnetic Shield No. 1. 7. Signal Generator Tie Rod (four required). 

Magnetic Shield No. 2. 8. Stop Pin. 
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TORQUE MOTOR END HOUSING ASSEMBLY 

Torque Motor End Housing Sleeve 8. 

Torque Motor Tie Rod (four required). 9. 

Power Lead Baffle Plate. 10. 

Power Lead Terminal (three required). 

Torque Motor End Housing Cap. 11. 

Jewel Assembly, Including Tungsten 

Carbide Ball. 12. 

:Iewel Ball Retainer. 

Power Lead Baffle Cam. 

Retaining Ring. 

No. 000-120 NF-2 Flat Head Machine 

Screw (three required). 

No. 0-80 NF-2 Flat Fillister Head Machine 

Screw, 1/8 inch long (three required). 

No. 1-72 NF-Z Flat Head Machine Screw, 

1/4 inch long (four required). 

OUTER CASE ASSEMBLY 

Outer Case. 4. Outer Case Cap. 

Tubing Connector. 5. Diaphragm. 

Copper Tubing. ' 

MISCELLANEOUS 

No. 30 A. W. G. Tensolite (as required). 5. Sensing-Coil Wire (approximately 27 feet 

Silicon Rubber Fiber Glass InsulatiOn required). 

(as required). 6. Liquid C-8 Resin, Bakelite No. 6020A and 

Soldering Sleeves, long and short (as No. 6022 (as required). 

required). 7. Fluorolube (as required). 

Flex Lead, Eutetic Silver, 0.001 inch thick ' 

by 0. 009 inch wide (as required). 
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Size 

No. 00-96 

No. 1-64 NC-2 

No. 000—120 

No. 1-120 NS-3 

No. 1—64 NC-2 

No. 2-56 NC-2 

5/ 16-40 NS-3 

APPENDIX D 

' TAP SIZES REQUIRED FOR THE 20|G 

INTEGRATING GYRO UNIT 

Location 

Gyro rotor. 

Gimbal fork. 

Power lead-in body, and 

holes in float shaft at 

signal generator end. 

Balance nut. 

Rotor mounting pad. 

Motor shaft nut. 

Balance fork port holes 

and center of signal 

generator housing. 

10. 

l l .  

12. 

13. 

14. 

Size 

No. 0-80 NF-2 

No. 

No. 

No. 

No. 

No. 

No. 

2-56 NC-Z 

00-96 NF-Z 

2-56 NC—Z 

1-72 NF-Z 

0-80 NF-2 

000-120 NF-Z 

m 
Filling hole in 20-pin _ 

connector. 

Signal generator tie rod 

holes. 

Wire clip holes in main 

housing. 

Torque motor tie rod 

holes in main housing. 

Torque motor housing. 

Power lead baffle plate. 

Torque motor end cap. 
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SCREW specMcAnons FOR ms" f 
20|G INTEGRATING GYRO UNI-T ‘ 

Size 

1. No. 00- 96 

2. NO. 1-64 NC—2 

3. No. 000-120 

4. No. 1-64 NC-2 

5. No. 0-80 INF-2 

6. No. 2-56 NC-Z 

7. No. 00-96 NF-Z 
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APPENDIX. E 

Location 

Flat Fillister Head Ma- 

chine Screw, 3/32 inch 

long (six required to 

fasten bearing retainer 

to gyro rotor). 

Flat Head Machine 

Screw, 5/16 inch long 

(one required to fasten 

power lead-in wire 

clamp to gimbal fork). 

Flat Head Machine 

Screw, 5/32 inch long 

(three required to fasten 

balance assembly to 

float shaft). 

Rotor Clamp Screw (four 

required). 

Fillister Head Machine 

Screw, 1/4 inch long 

(filling screw). 

Signal Generator Tie 

Rod (four required). 

Flat Fillister Head Ma- 

chine Screw, 3/16 inch 

long (four required to 

fasten wire clips to main 

housing). 

10. 

11. 

12. 

Size 

No. 2-56 NC -2 

No. 

No. 

No. 

No. 

2—56 NC -2 

1-72 NF-2 

0-30 NF-Z 

000-120 NF-Z 

Location 

Torque Motor Tie Rod 

(four required). 

Fillister Head Machine 

Screw, 5/ 16 inch long 

(four required by each 

Microsyn stator to 

clamp stator mount). 

Flat Head Machine 

Screw, 1/4 inch long 

(four required to fasten 

torque motor end housing 

cap to torque motor end 

housing sleeve). 

Flat Fillister Head Ma- 

chine Screw, 1/ 8 inch 

long (three required to 

fasten torque motor end 

housing cap to power lead 

baffle plate). 

Flat Head Machine 

Screw (three required to 

fasten jewel ball re- 

tainer to torque motor 

end housing cap). 
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