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29 January 1968
Materiel Test Procedure 5-2-514 
White Sands Missile Range

U. S. ARMY TEST AND EVALUATION COMMAND 
COMMON ENGINEERING TEST PROCEDURE

MISSILEBORNE GYROSCOPE TESTS

1. OBJECTIVE

The objective of the procedures outlined in this Materiel Test 
Procedure (MTP) is to detect limitations and other characteristics which will 
determine the applicability of a gyroscopic component to a given use.

2. BACKGROUND

Gyroscopes are used in missiles to produce a stable and predictable 
flight path by providing angular error data for in-flight course correction. 
Adver ; gyroscope characteristics may deter the gyroscope performance.

Some of these adverse characteristics are variation of drift rate, 
changes of transfer function of the gimbal stabilization loop, Gimbal 
bearing friction, mass unbalance, and changes in electrical noise. This 
MTP relates tests to discover if these adverse characteristics exist.

3. REQUIRED EQUIPMENT
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Multiohranetor or Wheatstone Bridge, as applicable 
Five-hundred Volt D-C Megger
High Potential (Hy-Pot) Meter (1000 volts minimum)
Ammeters as required
Resistance Bridge as required
Shallcross Test Set No. 6100 or equivalent
Vacuum Tube Voltmeter (VTVM) as required
LVM-5 Voltmeter or equivalent
S.I.E. Model R-1 Voltmeter or equivalent
Potentiometer

Instrumentation to Measure Table Level (horizontal plane) 
Recorders, as required

1) Two channel
2) Single channel

Test Fixtures as required:

1) Right angled fixture for mounting to an indexing head
2) Fixture for mounting to a Scorsby table

Demodulating Equipment 
Test Equipment

1) Indexing head
D DC'
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4. 

5. 

5.1 

2) Scorsby table 
3) Swing table (G accelerator) 
4) Oscillatory rate simulating table (Micro-Gee Model 10-C 

or equivalent) 
5) Dividing head 
6) Equatorial turn-table (Sidereal rate table) 

p.      Synchro 
q.       Oscilloscope 
r,      Berkeley Counter or equivalent 
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SCOPE 

SUMMARY 

This procedure describes tests to be performed on the various 
type gyros,  to ensure that they are within their specifications, as follows: 

a.      For All Gyros: 

1) Phasing (rotor, pickoff or  signal generator) 
2) Rotor characteristics 
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b.      For Free or Two Degree of Freedom Gyros: 

-I   yty      For free gyro a-c pickoff gyros; 
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a) Gimbal freedom tests 
b) Gimbal caging provisions 
c) Average sensitivity or scale factor 
d) Linearity 
e) Slip ring test 
f) Alignment of gyro axis 
g) Gyro drift test 
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2)      For free gyro, d-c pickoff of the displacement  or 
amount  type,   preset gyros; 

a) Potentiometer tests 
b) Threshold sensitivity 
c) Sensitivity resolution 
d) Null region 
e) Potentiometer tap location 

c.  For Rate or Single Degree of Freedom Gyros: 

1) For common type rate gyros having a d-c potentiometer 
pickoff 

a) Static balance 
b) Dynamic balance 
c) Threshold sensitivity 
d) Alternating component 
e) Range hysteresis error 
f) Potentiometer resolution 
g) Sensitivity resolution 
h) Calibration,  repeatability and  linearity 
i) Friction 
j) Frequency response 
k) Case leakage 
1) Width of potentiometer wiper 

2) For integrating rate gyros of the floated gimbal, 
pickoff type 

5.2 

a) Gyro transfer function 
b) Gimbal freedom rate 

c) Null repeatability 

d) Fixed torque 

e) Elastic restraint 

f) Unbalance, gimbal and mass 

g) Axes alignment 
h) Random drift (cogging) 

LIMITATIONS 

Due to the variety of gyroscopic sensing elements and testing 
equipment, this MTP is restricted to general test methods; however, the pro- 
cedures may be adapted, as necessary, to accommodate specific units. 

6.       PROCEDURES 

6.1      PREPARATION FOR TEST 

6.1,1    Pre-Test Conditions 

• 3- 
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Ensure  that personnel,  cognizant of both the test  item and  test 
equipment arc  available. 

6.1.2 Arrival  Inspection Tests 

The test item shall be subject to the following upon its arrival 
at the test site: 

a. Adequacy of packaging - Visually inspect the test item and 
record the following: 

1) Binding deficiencies such as broken straps, locks, etc. 
2) Packaging material deficiencies such as cuts, tears, 

breaks, etc. 

b. Visually inspect the test item and record the following: 

1) Defects in material 
2) Poor workmanship 
3) Compliance of test item configuration with its 

associated drawings and military specifications 
4) Adequacy of markings for Identification 

6.1.3 Resistance and Insulation 

a. Measure the point resistance values at accessible test 
points and compare the results with values calculated from a study, 
of associated schematics or from applicable MTP's. 

NOTE:  1. Connecting plug pins often provide convenient 
points (sometimes the only points) from which tests 
can be made), 

2.  Multiohmmeters and/or ohmmeters of the Wheatstone 
bridge type are used to find the resistance values. 

b. Determine the insulation between isolated circuits and 
the assembly case, and between Independent circuits using a five hundred 
volt d-c megger. 

c. Perform dielectric tests between independent circuits and 
between circuits and case using a high potential (hy-pot) meter. 

6.2      TEST CONDUCT 

6.2.1    Procedures Common to All Gyros 

See Appendix A for a general discussion of gyros and rotors. 

6.2.1.1  Phasing 
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6.2.1.1.1 Rotor Rotation -  For a  test  site   in  the northern hemisphere; 

a. Mount  the   test   item in  the  center  of a  rate  of   turn  table 
so  that  the  spin reference angle   (SRA)   and   the  rate  turn  table axis are 
vertical and parallel  to within  30 arc minutes. 

b. Electrically connect and monitor  the  gyro  in accordance  with 
its related schematics. 

c. Start and  operate  the rate  table at a rate  of approximately 
100 degrees/sec.   in a counter  clockwise  (CCW)   direction as viewed from 
above. 

d. Record  the direction of spin of the gyro spin rotor using  the 
following criteria: 

1) For a  spin rotor rotating in a CCW direction with both 
the rate  table and spin rotor rotating  in the same 
direction,  and having their respective axes both 
vertical and parallel,  there would be  little or no 
force about  the gyro input axes  (IA) ,  therefore  the 
output  signal from the gyro's output axis  (OA)   or 
pickoff will decrease slightly or remain near zero. 

2) For a  spin rotor rotating in a clockwise   (CW) 
direction:     The respective axes are now approximately 
parallel,  as  such there will now be  a  slight force 
about  the  IA causing an OA gimbal precession which 
will  increase with time.     The OA gimbal will continue 
to precess until a gimbal  limit  stop  is reached at 
which point  the output  signal  from the pickoff will 
be maximum. 

e. For a  test  site  in the southern hemisphere perform steps k 
through d with the rate  turn table rotating  in a CW direction. 

6.2.1.1.2 Pickoff or Signal Generator Phasing - Determine and record  the 
rate and direction of gimbal precession as  indicated  in  paragraph 5  of 
Appendix A using  the  rotor rotation direction of  paragraph  6.2.1.1.1. 

6.2.1.1.3 Signal Generator or Pickoff Characteristics  (for a-c  inductive 
pickoff  synchro)   - Determine the  instantaneous polarity between 
the primary and  secondary windings  to verify pickoff or signal 
generator phasing (paragraph 6.2.1.1,2)   as follows: 

a. Instrument  the  synchro as indicated in Figure  1. 
b. Place SW 1 in position 1, 
c. Energize  the primary and record  the voltage as E^. 
d. Place SW  1  to position 2 and  record the voltage as E2. 

NOTE:     For correct  operation E2 must be  less  than E^. 

e. Repeat  steps a  through d with  the  temporary jumper connected 
to lead 5 to verify phasing of the second half of the secondary. 

-5- 
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Figure 1. Determining Polarity Relationships 

6.2.1.2  Rotor Starting Time, Rotor Starting Current and Running Current, 
and Rotor Friction or Coast Down Time 

Perform the following: 

a.  Preparation for test: 

1) Connect a low ohmage, high voltage resistor (R) (20 
ohms or less) in series with one phase or lead of the 
rotor supply circuit. Record the resistance value. 

NOTE:  If the rotor is 3-phase, a similar resistor should be 
connected in each phase to avoid unbalancing the voltage. 

2) Connect a VTVM (No. 1) across one of the resistors. 
3) Connect a VTVM (No. 2) across the line voltage input 

to the gyro rotor. 

NOTE:  Connect the VTVM to the load side of the resistor(s) . 
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4) Apply voltage to the gyro rotor and adjust it to the 
test items specified gyro rotor. 

5) Parallel the two VTVM's with a two channel recorder 
which has been accurately calibrated for the anticipated 
voltages (VTVM Nos. 1 and 2). 

b. Rotor Starting time and currents; 

1) Simultaneously close the switch starting the rotor and the 
switch starting the tape recorder. 

2) Observe the reading of VTVM No. 1 until stabilization is 
obtained and then stop the recorder. 

3) Mark the tape recorder tape speed and voltage calilu-atlon 
information on the tape and determine and record the 
time required for the rotor voltage to reach 
stabilization (rotor starting time). 

4) Record the initial voltage value on the tape for the 
determination of rotor starting current. 

5) Record the stabilized voltage value on the tape for the 
determination of rotor running current. 

c. Rotor Friction or coast down time 

1) Pull about six inches of the recorder tape across the 
mandrel by hand and reduce the tape speed setting, 
as required, to accommodate the expected coast down 
time (may require several minutes)• 

2) Simultaneously start the tape recorder and open the 
switch which supplies the rotor power. 

3) Observe VTVM No. 2 until the voltage decreases to zero. 
Stop the recorder, 

4) Mark the tape recorder tape speed on the tape and 
determine and record the time required for the rotor 
to coast down. 

6.2,2    Tests Peculiar to Free, or Two Degree of Freedom Gyros 

See Appendix B for a discussion of these gyros. 

6.2.2.1  Tests Peculiar to Free Gyro, A-C Pickoff 

6.2,2.1,1 Gimbal Freedom - Assume that the gyro has 360 and 85 degrees 
freedom about its outer and inner gimbals, respectively.  If the 
gyro under test has different limits of freedom, the following 
test can be tailored to fit the case, 

a. Attach the gyro to an indexing head so that the outer gimbal 
axis is vertical and the inner gimbal axis is horizontal with the indexing 
head level in both planes, 

b. Energize the gyro and let the unit warm up completely and 
record the outer gimbal output voltage, 
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L.  TilL Lin.' indexing licad 85 degrees, minus 5 and plus 0 
degrees, about the gyro's inner gimbal axis and inaintain this angle through 
step d, 

d,  Rotate the test gyro slowly and smoothly through 360 degrees 
about the rotational axis of the indexing head.  The rotation should be 
accomplished in approximately one-and-a-half minutes. 

c.  Restore the indexing head to its original position and record 
the difference in the outer gimbals output voltage in relation to the 
voltage of step b. 

L.  Rotate the indexing head 180 degrees about the rotational 
axis and record the outer gimbals output voltage. 

g.  Tilt the indexing head 85 degrees, minus 5 and plus 0 degrees, 
about the gyro's inner gimbal axis and maintain this angle through step h. 

h.  Rotate the test gyro slowly and smoothly through 360 
degrees about the rotational axis of the Indexing head.  The rotation should 
be accomplished in approximately one-and-a-half minutes. 

NOTE:  Rotate the unit in the opposite direction of step d. 

1.  Restore the Indexing head to Its original position and record 
the difference in the outer gimbals output voltage In relation to the voltage 
of step f. 

6.2,2.1.2 Gimbal Caging Provisions - Determine the following: 

a. Continuity of caging circuitry: 

1) Verify circuit continuity by closing the caged and uncaged 
switches, respectively, and establishing corytinuity between 
the proper pins as Indicated on the test item's schematic. 

b. Caging accuracy and backlash: 

1) Operate the gyro through the caged-uncaged cycle a 
minimum of three times, with the gyro energized and 
running and measure and record the outer and inner gimbal 
output voltages each time the gyro Is caged. 

2) Mount the test item on a Scorsby table and cage the 
unit after energizing and running it. 

3) Operate the Scorsby table in yaw, roll, and pitch at 
approximately ±7.5 degrees at an oscillating frequency 
of approximately 5 cycles per minute and perform the 
following: 

a) Record the voltage output of both the inner and 
outer gimbals. 

b) Observe the outputs on an oscilloscope and determine 
and record if the null point of the individual 
outputs is passed through. 

c. Caging and uncaging time: 

-8- 
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1) Mount the gyro on an indexing head, so that the outer 
gimbal axis is vertical and the inner gimbal axis is hori- 
zontal, with the indexing head level in both planes, and 
instrument the gyro with a counting device (Berkeley Counter) 
wired to stop counting when the item becomes caged/uncaged. 

2) Energise the gyro and let the unit warm up and become 
stabilized. 

3) Displace the gyro 180 degrees about the outer gimbal axis and 
85 degrees about the inner axis. 

4) Apply the caging signal and start the counter simultaneously. 

NOTE:  1.  The caging signal shall be applied for no longer than 
necessary. 

2. Caging should take place within 15 seconds or as 
specified in the test item's specifications for "worst 
case" time. 

5) Record the time required to effect caging. 
6) Apply the uncaging signal and start the counter simultaneously 

and record the following: 

a) Time required to effect uncaging 

NOTE: Uncaging shall be effected within 0.1 seconds unless 
otherwise specified. 

b) Pickoff null output voltage to determine if it is within 
specifications. 

7) Apply the caging signal and start the counter simultaneously 
and perform the following: 

a) Apply the uncage signal prior to completion of caging. 
b) Record the time required for caging. 

d. Uncage displacement 

1) Operate the energized, stabilized gyro from caged to uncaged 
a minimum of three times. 

2) Record the difference in synchro voltage readings between 
caged and uncaged attitudes. 

NOTE:  The differences in caged and uncaged voltage will be the 
uncage displacement and should not exceed the specified 
limits, usually about 0.5 degrees. 

e. Cage-uncage current and indication current: 

1) Install ammeters in the caging and indicating circuits . 
2) During operation of the cage and uncage circuitry, record the 



current   in the cage^uncage circuitry snd tach i>i  Che 
i nil Icat i ng i i rcu its. 

NOTE: Current! ihould ni>t exceed specified limits; uiually 800 
mi i I i.imps for the cage*uncAge circuitry and lrj nillianpa 
for tiir  Indicating circuital 

,2.2.1,3 Outer Gindtal Average lenaitivity or Icale Factor (8F)  - Porforni the 
i.' I lowing: 

.i.    Open civcult  teat 

.)    Mount  the gyro on the  indexing head with the spin axis of 
the gyro perpendicular to the rotational axis of the headland 
the  ituk'xiiik; lioad table horizontal  and   Level« 

2)    Connect 4 Load  ivsistor to tin.- outer gimbal   pickoff and place 
i voltneter acroaa the resistor.    Record ti>e resistor value 
(approxiauitely U)K). 

J)    With the  gyro warmed-up,   running  in a suitable manner,  and 
caged record  the voltage across  the   load  resistance. 

•t    Uncage  the  gyro and   rotate  the table slowly  through one degree 
clockwiae  and  record  the  voltage across  the   load resistor. 

5) Cage the gyro. 
6) I'ncage the gyro and rotate the table slowly through two 

degrees clockwise and record the voltage across the load 
resistance. 

7) Cage the gyro. 
St  Repeat steps 6 and 7 with the table rotated 3, 4, 3, and six 

degrees. 
9)  Repeat steps J through 8 with the table rotated counter- 

c lockwise. 

b.  Closed circuit test 

1>  Mount the gyro on the Indexing head as Indicated In step a.l. 
2) Connect an external synchro to the test gyro synchro stator 

and the load resistor of step a.2 across the rotor of the 
external scope. 

3) Repeat steps a.3 through a.9. 
4) Connect an oscilloscope across the rotor leads of the 

external scope. 
5) Mount a dial, capable of being accurately read to better 

than 0.05 degrees, on the shaft of the external synchro. 
6) Uncase the test gyro and rotate the table 5 degrees clockwise. 
7) Turn the shaft of the external gyro to obtain a null reading 

on lli«' oscilloscope and record the dial reading.  Cage the 
test gyrn. 

i)     I'ncage the test gyro and rotate the table 10 degrees clock- 
vise. 

9)  Repeat step 7. 
1Ü)  Repent steps 8 and 9 with the table rotated up to 50 degrees 

clockwise in 5 degrees increments. 
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6.2.2.1.A Inner Gimbal Avoragf Sensitivity or Scale Factor (SF) - Perform ttie 
followin);: 

Repeat the procedures of paragraph 6.2.2.la3 with the inner gimbal 
axis oriented vertically. 

6.2.2.1.5 Slip Ring Test - Determine and record a total lack of evidence of 
intermittent synchro output voltages during the conduct ol para- 
graphs 6.2.2.1.1 through 6.2.2.1.4. 

6.2.2.1.6 Alignment of Axis of Gyn - Determine the folloving: 

NOTE: Construct a right angled fixture that will accurately and 
securely hold the test gyro so that a flat surface of the 
fixture can be bolted to an indexing head. 

a. Spin axis alignment with reference to the gyro's mounting surface 
as follows: 

1) Mount the test gyro on an indexing head so that the plane of 
the gyro, as determined by the mounting provisions, shall be 
perpendicular to the rotational axis of the indexing head, 
and the spin axis of the gyro shall be vertical and parallel 
to the rotational axis of the indexing head. 

2) Connect a voltmetei to measure the inner gimbal output using 
load resistor of paragraph 6.2.2.1.3 .a.2 . 

3) Energize, fully warmup, and cage the test gyro. 
4) Uncage the gyro and slowly turn the Indexing head 360 

degrees both clockwise and counterclockwise and monitor the 
inner gimbal output. 

5) Record the peak clockwise and counterclockwise voltages 
obtained* 

6) Record if the null point was passed through. 

b. Outer gimbal perpendicularity to the inner gimbal as follows: 

1) Mount the test gyro on the indexing head so that the outer 
gimbal axis is perpendicular to the rotational axis of the 
indexing head and the gyro can be tilted about its inner 
gimbal axis. 

NOTE:  The inner gimbal axis and the tilt axis of the indexing 
head shall be parallel to within 1 arc minute. 

2) Connect a voltmeter to measure the outer gimbal output using 
the load resistor of paragraph 6.2.2.1.3 a.2. 

3) Energize, fully warmup, and cage the test gyro. 
4) Uncage the test unit and record the outer gimbal output. 
5) Tilt the test gyro about its inner gimbal nxis 75° to 90°. 

Record the degrees of tilt. 
6) Record the outer gimbal output. 

-11- 
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i .  Outor )',linbal nonDrtliugonüllty with the case: 

1) I'n-parc the test gyro as Indicated in step b.l through b.3 
above . 

2) Detetnine th»  value of E-l as Collows: 

a) Uncage the test unit and record its outer gimbal output. 
b) Tilt the indexing head 80 degrees about the inner gimbal. 

NOTE:  PcrCorm this tilt with extreme caution, being 
carcl'ul not to jar or move the gyro suddenly. 

c) Rotate the im' xing head 180 degrees clockwise about 
its rotational axis. 

d) Keätore the test gyro to its original position tilt- 
wise and record the outer gimbal output. 

J)  Determine the value of E-2 as follows: 

a) Orient the gyro on the indexing head with the outer 
gimbal axis vertical. 

b) With the gyro running in a stable condition uncage 
it and record the output gimbals output. 

c) Rotate the indexing head 180 degrees counterclockwise 
about its rotational axis and record the outer gimbals 
output. 

6.2.2.1.7 Gyro Drift Test - Perform the following: 

NOTE:  I. Six gyro positions generally are used for calibration and 
testing purposes. These six positions henceafter shall 
be referred to as the "six standard positions of test": 

Outer Gimbal Axis 

Spin Axis 

Inner Gimbal Axis 

Top 

Position 1 

Vertical 

North-South 

East-West 

Up 

Position 2 

East-West 

North-South 

Vertical 

East 

Position 3 

North-South 

Vertical 

East-West 

South 

Position 4 - Rotate 180 degrees about the inner gimbal axis from 
Position 1. 

Position 5 - Rotate 180 degrees about the outer gimbal axis from 
Position 2. 

Position 6 - Rotate 180 degrees about the outer gimbal axis from 
Position 3. 

NOTE:  2.  Drift should be measured usi tandem synchro method, and 

12- 
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Che drift during the test may be defined as the difference 
in null shift position of the external synchro prior to and 
after the drift test. 

Prepare a test fixture capable of holding the test gyro so that it 
can be mounted on a Scorsby table in any and all of the six standard positions 
of test. 

a. Static drift 

1) Mount the test gyro/fixture on a Scorsby table in standard 
position No. 1 and attach an external synchro, loaded with 
the resistor of paragraph 6.2.2.1.3.b2 in tandem with the 
test gyro. 

2) Energize, warmup and cage the test gyro in standard position 
No. 1 

3) Null the external synchro and record its shaft position. 
4) Uncage the test gyro and allow it to drift for exactly one 

minute. 
5) Renull the external synchro and record its shaft position. 
6) Repeat steps 1 through 3 for the remaining 3 standard 

positions. 

b. Dynamic drift 

1) Mount the test gyro/fixture on a Scorsby table, in standard 
position No. 1 and attach an external synchro loaded with 
the resistor of paragraph 6.2.2.1.3.b.2, in tandem with the 
test gyro. 

2) Use a level to ensure that the Scorsby table is horizontal in 
plane and level. 

3) Energize, warmup and operate the test gyro in the caged 
position until it is running stable. Measure and record the 
voltage across the load resistor of the external synchro at 
null and the external synchro shift position. 

4) Uncage the test gyro and tilt adjust the Scorsby table for 
7.3 degrees ±0.3 degrees and start the Scorsby in motion in 
a clockwise direction at a rate of 5 cycles per minute. 
Continue the Scorsby rotation for five minutes. 

3)  Stop the Scorsby table and erect it to horizontal using the 
level of step 2. 

6) Rotate the external synchro slialt to obtain a null.  Record 
theexternal synchro shaft po«itio.i. 

7) Repeat steps 1 through 3 for the remaining 5 standard 
positions. 

6.2.2.2  Tests Peculiar to Pree Gyro, D-C Pickoff, of the Displacement or 
Amount Type having a Preset Feature 

6.2.2.2.1 Potentiometer Tests - Assume the following; conditions: A directional 
gyro with the spin reference axis (SRA) horizontal athwartship 

-13- 
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and  lenaltlve  to ytiw ami roll;   thert;   is only one output  potentiometer 
(pot)  and   it   is  affixed tntween  the  outer gimbal  and tlie gyro case; 
the   pot'Wlndlng   is  closed upon  Itself  and   is  connected  as  shown  in 
Figure  2. 

NOTE:     Figure  2   is common to this  type of gyro.     If there  is  a pot 
on  the   inner gimbal  assume  that   it   is  similarly connected. 

Excitation     —' 
G      Zero + 

Figure 2.    Gyro Potentiometer 

a. Resistance values 

1) Leave the gyro completely deenerglzed in the test locality 
for a sufficient length of time to allow all its parts to 
attain ambient temperature.  Record the ambient room 
temperature. 

2) Mount the gyro on the table In such a way as to prevent its 
movement during the test. 

NOTE: The location of the potentiometer wiper is not important, 
but its position should not be changed while resistance 
measurements are being made. 

3) Using a Shallcross Test Set No. 6100 or equivalent perform 
the following: 

a) Measure and record the resistance across H and J. 
b) Measure and record the resistance across G and I. 

b. Potentiometer resolution number of wire turns (wires) contained 
In the potentiometer), number of wires per degree and resistance per wire 

1) Mount the gyro on an indexing head so that the SRA will be 
truly horizontal and the indexing head Is on zero setting. 
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NOTE: Mi is is ,i inn' lie I ly-down attitude when >  directional 
p.yvo  h.is been aisumedi 

2)    Connect a VTVM L(J tneaaure the potentiometer ouLpm across 
pins "c" and "K" on the test Items test panel. 

')) Energize the gyro and preset the potentiometer wiper to 
eero or "(!" or sero itip on the potentlomet« r. 

■'4)  hnsure that tin' potentiometer wipi-r is on "C,",   nut "l", is 
t ullows: 

■1) Operate the preset motor In i clockwise direction and 
note if the potentiometer output meter reads positive. 
11 a positive reading is not obtained the wiper is on 
the false zero "I", instead of "G", and: 

b) Continue to drive the preset motor until the output 
meter reads zero.  This should be "G", the true zero. 
Verify the position by driving the preset motor in a 
clockwise direction and noting a positive voltage output. 

5) Accurately set the potentiometer wiper on zero by monitoring 
the pot output with the VTVM set on the MV scale. 

6) Connect a Sanborn or Brush recorder to pins "G" and "K" of 
the gyro test panel.  Allow the recorder to warmup and adjust 
the stylus to approximately the renter of the chart. 

7) Adjust the recorder amplitude B( that the crossing of one 
wire by the potentiometer wiper will cause a stylus deflec- 
tion of two to three millimeters as follows: 

a) Uncage the gyro by means of the uncage switch on the test 
circuitry panel. Observe that the uncage light lights. 

b) Take a physical position back of the Indexing head so 
that the eyes are looking Into a direction analagous to 
standing at the rear of a missile, looking In the direc- 
tion of flight with the missile belly down. 

c) Start the recorder on slow speed and rotate the Indexing 
head in small Increments. Note that when the potentio- 
meter wiper moves from one side to another the stylus 
moves in steps horizontally across the chart. 

d) Adjust the recorder gain until these steps have an 
amplitude of 2 to 3 millimeters. 

e) After calibration, restore the indexing head to zero and 
cage the gyro. 

8) Set the recorder stylus to the extreme left side of the chart 
on slow speed (25 mm/sec or less) and uncage the gyro. 

9) Rotate the Indexing head in a counterclockwise direction 
slowly, as In step 7c, so that each wire swept by the wiper 
will bo shown on the chart as a step.  Record the polarity of 
the gyro output signal which activates the recorder stylus. 

NOTE:  The polarity should be positive. 
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IU)  Continue the slow counterclockwise rotation until the 
gyro lias been through 360 mechanical degrees. 

NOTE:  1. At times, the stylus will reach the lull travel 
of the chart; when this occurs, reset the stylus 
to the left side o£  the chart. 

2.  The gyro output will build up positively until 
approximately 90 degrees is reached. The amplitude 
then will begin to decrease but will still be 
positive.  Near 180 degrees Che amplitude will de- 
crease to zero, 'hen increase and begin an alter- 
nation or half cycle in a negative direction. 

11)  When 360 degrees have been reached, cage the gyro and 
deenergize it by turning off the test panel.  Tear off 
the chart, identify it descriptively, and mark It 
Chart No. 1. 

c.  Width of potentiometer wiper contact surface: Access to In- 
side parts of the potentiometer is not normally possible in these gyros. 
Therefore, unless a spare gyro is available for dismantling,,this test 
cannot be conducted.  Information pertaining to the width of the potentio- 
meter contact surface is available from the manufacturer as a "statement of 
fact". When such a statement of fact is obtained from a manufacturer, to- 
gether with a certificate of compliance, the Information obtained may be 
accepted as true. For those cases in which a dismantled potertlometer is 
available, determine the width of the wiper contact surface as follows: 

1) Connect a resistance bridge across pins "K" and "C" 
and precess to gyro to obtain zero resistance (this 
will place the wiper at "G"). 

2) Change the bridge connections from "G" and "K" to 
"G" and "H", and record the resistance and designate 
the resistance as JRj. 

3) Process the gyro in a counterclockwise direction until 
the wiper is somewhere between "G" and "H" and measure 
and record the resistance as JR2. 

6.2.2.2.2 Threshold Sensitivity - Perform the following: 

a. Mount and energize the test gyro on the Indexing head as 
described in paragraph 6.2.2.2.1.b steps I through 5. 

b. Uncage the gyro.  If the VTVM monitored output reading changes, 
reduce it to zero or minimum by rotating the indexing head slightly. 

c. With the voltage output at minimum note the indexing head 
reading, then rotate the indexing head slightly until the VTVM indicates an 
output change.  Read the induxlng head reading and record the rotation in 
degrees necessary to produce an output voltage change. 

d. Restore the indexing head to its original position (maximum 
potentiometer output). 
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e.  Repeat steps c and d with the indexing head rotated in the 
opposite direction. 

£.  Repeat steps c through e until 3 readings in each direction 
have been obtained. 

6.2.2.2.3 Sensitivity Resolution - Perform the following: 

a. Mount and energize the test gyro on the indexing head as 
described in paragraph 6.2.2.2,l.b steps 1 through 5 and uncage the gyro. 

b. Rotate the gyro to a 10 degree clockwise (CW) angle of roll 
and accurately: 

1) Record the setting of the indexing head. 
2) Note the reading of the VTVM. 

c. Slowly rotate the indexing head in a CW direction until a 
change is noted on the VTVM. Accurately record the index head setting. 

d. Return the indexing head to its position prior to step c. 
e. Repeat steps b through d for a CW angle of 20 degrees. 
f. Repeat steps b through c with gyro roll angle and 

indexing head in a counter-clockwise rotation. 

NOTE:  If a large discrepancy exists between the four displaced 
indexing head readings, consult with a responsible engineer 
before proceeding further. 

6.2.2.2.4 Null Region - The null region and width of potentiometer tap "G" 
are considered one and the same thing. Determine the null region 
and the width of all taps, as follows: 

a. Mount and energize the test gyro on the indexing head as 
described in paragraph 6.2.2.2.1.6 steps 1 through 5 and uncage the gyro. 

b. Rotate the gyro slightly CCW so that the VTVM indicates a 
small output. 

c. Rotate the gyro CW until the VTVM reads zero or minimum, and 
record the indexing head reading. 

d. Rotate the gyro CW until the VTVM indicates a small output 
and record the indexing head reading. 

e. Rotate the gyro 180 degrees so that the wiper is on the false 
zero point (Tap I) and repeat the procedures of steps b through d. 

f. Repeat steps b through d to determine the width of taps 
"H" and "J". 

6.2.2.2.5 Potentiometer Taps, vocation - Perform the following: 

a. Mount the test gyro on an indexing head so that the SRA will 
be truly horizontal and the indexing head is on zero setting. 

b. Connect a VTVM, or recorder, to measure the potentiometer 
output across pins "G" and "K" on the test items test panel. 

c. Energize the gyro and preset the potentiometer wiper to 
zero (pin "G"). 

d. Rotate the indexing head and gyro in a CW direction.  The 
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poLuntiomcter movement is from zero toward 90 degrees (tap J) and yields a 
voltage of positive polarity. 

e. Determine the width of tap J as follows; 

1) Record the indexing head reading when the maximum 
positive voltage is reached (the point at which tap J 
is reached). 

2) Continue to rotate the indexing head and gyro in a CW 
direction and record the indexing head reading when the 
voltage starts to decrease (the point at which tap J 
is left). 

f. Continue to rotate  the indexing head and gyro in a CW 
direction and determine  the  location and width of taps I, H, and G using 
the  technique  of  step   a and  the  following voltages; 

1) Tap I:      Zero voltage to negative voltage 
2) Tap H:      Maximum negative voltage to start of less 

negative voltage 
3) Tap G:      Zero voltage  to positive voltage 

NOTE:    Unless otherwise specified the taps should be 90 
degrees apart. 

6.2.3 Tests Peculiar to Rate or Single Degree of Freedom Gyros 

See Appendix C for a discussion of these gyros. 

6.2.3.1      Tests Peculiar to Common Type Rate Gyros Having a D-C Potentiometer 
Pickoff 

6.2.3.1.1 Static Balance or Null - An unbalanced gyro will respond to linear 
acceleration;   therefore balance tests should be performed first, 
since many of the other procedures subject the gyro to linear 
acceleration. 

a.      Mount the gyro on a G Accelerator (Swing table)   so that the 
sensitive axis  (IA)   is at right angles to the axis of table rotation, and 
the SRA is parallel to the table rotation axis. 

NOTE:     The gyro should be mounted on the table so that the center 
of the wheel will be coincident with the radius of 
gyration.    Mount a counter balancing weight on the swing 
table diametrically opposite to the gyro.     The radius of 
gyration may be any convenient known distance. 

b»      Connect the gyro with and record, when applicable,  the 
correct voltages and record the output voltage. 

NOTE:    The output should be near zero or one half the potentiometer 
excitation voltage, depending on the test item under test. 
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6.2.3.1.2 Dynamic Balance - With the lest item mounted and excited as 
described in paragraph 6.2.3.1,1, perform the following: 

a. Start the swing table and bring it up to a speed of 225 rpm 
and record the gyro output as dynamic balance position 1. 

NOTE;  For a gyration radius of 7 inches, a swing table speed 
produces an acceleration of approximately 10g when 
rotating at 225 rpm. 

b. Reorient the gyro on the swing table by 90 degrees maintaining 
the conditions of paragraph 6.2.3.1.2 and the same radius of gyration used in 
step a. 

c. Repeat step a and record the gyro output as dynamic balance 
position 2. 

d. Reorient the gyro on the swing table by turning the unit in 
an upright position on the same radius of gyration used in step a. 

NOTE:  This orientation still leaves the sensitive axis (IA) at 
right angles to the axis of rotation. 

e. Repeat step a and record the gyro output as the dynamic balance 
position 3. 

6.2.3.1.3 Threshold Sensitivity - Sensitivity tests include measurements of 
the test item's hysteresis characteristics, its calibration and its 
linearity as well as its threshold sensitivity. These tests are 
described in paragraphs 6.2.3.1.4 and 6.2.3.1.5. During the 
conduct of paragraph 6.2.3.1.3 through 6.2,3.1.11 monitor the 
test item as shown in Figure 3 and Figure 4 as applicable.  For 
clarity let Figure 3 serve as an example of measuring techniques 
to be used to determine the test item's sensitivity parameters 
using the following assumptions:  36 volts excitation supplied to 
the potentiometer and a full scale gyro rate range of i450/sec. 
The LVM-5, or equivalent, voltmeter should be read frequently 
and the impact voltage adjusted to maintain exactly 36 volts. 
The S,I,E, Model R-l voltmeter should be allowed 2 minutes warmup, 
adjusted for zero and then, with the selector on 25 volts the 
potentiometer driven so that the R-l reads 18 volts. 

a. Mount the test gyro, with its IA vertical and parallel to the 
rotating axis on the rate table, in the center of a rate of turn table such 
as a Genisis Mod. C-181. 

NOTE;  To avoid damaging the friction balls which drive the rate 
table, be sure the clutch is not engaged when mounting the 
gyro or its fixture on the table. 

b. With the test gyro set up as indicated in Figure 3 perform 
the following; 
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I npul 
36  Volts  D-C 

• + 

0 6 
S.I.E.   Model R-l 
or Equivalent 

(Typically 
28 V.D.C.) 

Rotor 

Figure  3.     Rate Gyro Measuring Circuit 

L)      S-.a..-^  c.c  -ace cal ie rotating  slowly in a  clockwise 
aijc  -i n. 

2)       SLov;ly Increase  the speel    1  -"^taci.n and atoßitov the 
R-l voltmeter for a minute change  in reading.    As soon 
as a voltage change Is observed, record the velocity 
of the rate  table as its CW threshold sensitivity. 

c.       Repeat  step b with the rate table rotating in a CCW direction. 

6.2.3.1.4 Alternating Component - With the test gyro mounted as described 
in paragraph  6.2.3.1.3 perform  the following: 

a. Connect the oscilloscope of Figure 3 across the R-l voltmeter. 
b. Operate the gyro motor with a zero rate input  (rate table 

not  spinning)  and, using the oscilloscope, determine and record the alternating 
voltage component peak to peak voltage caused by the gyro motor vibrations. 

NOTE:    The a-c voltage component shall not exceed the test item's 
peak to peak  specification. 

6.2.3.1.5 Range, Hysteresis Error - Perform the  following: 
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a. Determine the zero reference ratio (the static balance 
point) of the test item as follows: 

1) Operate the gyro motor with its rated excitation voltage 
and a zero rate input . 

2) Record the output/input ratio of the gyro potentiometer 
(pins 1-3/pins 1-2) which is the zero reference ratio. 

NOTE:  The LVM-5 voltmeter is monitoring the voltage input 
to the gyro potentiometer across gyro terminals l(NEG) 
and 2(P0S). The SIE Model R-l voltmeter is monitoring 
the output of the gyro potentiometer across gyro 
terminals 1 and 3. The voltage ratio of terminals 
1-3/1-2 (potentiometer output/input) is obtained by 
dividing the reading of the R-l voltmeter by the 
reading of the LVM-5 voltmeter. This method should be 
used when voltage ratios are required. 

b. Start the rate table rotating in a clockwise direction and 
increase the table's speed until no further voltage change is noted on the 
R-l voltmeter. This is an indication that the end point of the gyro 
potentiometer has been reached. When the end point has been located record 
the following: 

NOTE:  1. When the R-l voltmeter reads near 35 volts, care must 
be taken to vary the rate table speed slowly to avoid 
overshooting the end point.  It may be necessary to 
slightly decrease and increase the speed alternately 
to pin point the end point exactly. Observing 
potentiometer wires crossed by means of an oscilloscope 
in parallel with the R-l voltmeter may be of help in 
finding the end point. With the oscilloscope set on 
a-c and at high gain, a momentary spike will occur when a 
potentiometer wire is crossed. 

2. In searching for the end point, large changes in table 
speed which cause overshoots and undershoots should be 
avoided so as not to destroy the gyro hysteresis error. 

1) End ratio positive (ERp) determined from the voltmeter 
reading/LVM-5 reading. 

2) End range positive (Er ) the rate of the rate table 
P 

c. Reduce  the rate table rotation to zero as soon as possible 
within the restrictions of the rate  table's manufacturer's instructions. 

d. When the rate table zero rate  is reached record  the 
hysteresis positive error (Hpe)  determined by the voltage ratio  (R-l volt- 
meter/LVM-5 voltmeter) . 

e. Destroy the hysteresis error by driving the rate table first 
CCW, then CW, at a low rate until the gyro nulls out at the reference ratio 
obtained in paragraph 6.2.3.1.1.b. 
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NOTE;     fhl ■ value  should be equal   to the aefo reference  ratJ i 
ol   ilcp a.2, 

i.       Repeal   steps b  through e witli  lliu  rate  table  rotating in a 
CCW direction and  i-ci nr«!  the   i i>l I iiwinj;: 

i)     End rat Lo negat ive (ER,,) 
J»      End range negative (E,. ) 

n 
I)       Hysteresis negative  error  (H-J 

g«       Kepi,it  steps a  througli  I  witli the  following  rates  o£ 
rot .it i I'll ; 

1) 25 percent   of  the normal  rotation rate   (working range) 
2) 50 percent of the normal rotation rate 
5)       75 percent  of  the normal  rotation rate 

6«2(3*1.6 Resolution, Potentiometer - Determine the number of active wire 
turns  of  the potentiometer as   follows: 

,i.       Mount  the test gyro as  indicated in paragraph 6.2.3.1.3.3  and 
instrument  the  gyro potentiometer and an external potentiometer  (.lumber 2) 
as   Indicated   in  Figure 4. 

•«—•- 

Gyro 
Potentiometer 

Voltmeter 
S.I.E.ModelR-1 
or Equivalent 

Recorder 

External 
Potentiometer 

No.   2 

Figure 4.  "otentiometer Resolution Measurement 
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b. Adjust the external potentiometer, with a rate table zero rate, 
for a zero voltage output as indicated by the R-l voltmeter and recorder. 

c. Determine the proper recorder gain by slowly increasing tlie 
input rate to the gyro and adjust the recorder gain until each wire crossed 
by the potentiometer wiper will show up on the recorder chart as a stair step, 
with each horizontal step spanning 2 or J millimeters. After adjusting the 
recorder gain reduce the input rate to zero. 

d. Adjust the stylus using the centering adjustment to the extremfe 
negative side of the chart paper, 

e. Slowly increase the gyro input rate in a CW direction and 
observe that the recorder is indicating swept wires in the form of steps as 
indicated in c above. When the recorder reaches the extreme positive edge 
of the chart, momentarily hold the input constant and return the stylus to 
the negative edge, then resume the increasing input rate. Continue this 
procedure until the potentiometer end point is reached. 

f. Stop the recorder chart and reduce the input rate to zero. 
g. Set the stylus to the extreme positive edge of the chart 

by means of the centering adjustment and start the chart. 
h.  Repeat step e with the rate table having a CCW rotation. 

NOTE:  With the rate table rotation CCW the recorder stylus will 
move in a negative direction. 

i.  Remove the chart from the recorder and mark it Chart 2. 

6.2.3.1.7 Sensitivity Resolution - Determine the actual minimum change in 
rate to which the gyro will respond as follows: 

a. Prepare the test item for testing by performing the setup of 
paragraph 6.2,3.1,6 steps a and b and the recorder by adjusting the gain as 
described in paragraph 6,2,3.1,6.c, 

b. Increase the input rate in a CW direction to 25 percent of 
the normal working range and perform the following: 

1) Readjust the external potentiometer (number 2) for zero 
volts across the R-l . 

2) Center the recorder stylus • 

c. Carefully and slowly increase the input rate until the 
recorder steps one step and record the new rate as indicated on the rate 
table dial. 

d. Repeat step c and record the new rate table rate. 
e. Repeat step c and record the third rate table rate change. 
f. Repeat steps b through e at rates of 50 and 75 percent 

of the working range. 

6.2.3.1.8 Calibration, Repeatability, and Linearity - Return the test setup 
to the configuration shown in Figure 3. 

NOTE: The 36 volts input to the gyro potentiometer (terminals 
1 and 2) should be closely monitored by the LVM-5 volt- 
meter.  The R-l voltmeter used to monitor the gyro output 
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(terminals 1 and 3) should be carefully adjusted and zeroed 
lor d-c voltages. 

a. Mount the gyro in the rate of turn table as described in 
paragraph 6.2.3.I.3.a energize it and ensure that it is running properly. 

b. Increase the rate in the CW direction to 10 percent of the 
gyros working range and record the voltage ratio (terminals 1-3/terminals 
L-2). 

c. Repeat step b with the rotation rate increased in increments of 
10 percent up to 100 percent of the test item's working range. 

d. Reduce the rate input to zero and destroy the effects of 
hysteresis as described in paragraph 6.2,3.1.5.e. 

e. Repeat steps b through d with the rate table rotating in the 
CCW direction. 

f. Repeat steps b through e until the steps have been performed 
lor a total ol" three times. 

g. Return the test setup to the configuration of Figure 4 and 
perl'orm the following with the test gyro operating at its normal excitation 
voltage. 

1) Run the rate table in a CW direction to produce an input 
rate of approximately 1/3 of the full scale range of 
the gyro (15 degrees/sec using the example of paragraph 
6.2.3.1.3) and note the voltage ratio. Reduce the rate 
to zero. 

2) Repeat step g.l with the table rotating In a CCW 
direction. 

3) Average the voltage ratios obtained in steps g.l and 
g.2 and multiply the result by 36.  Record this voltage 
(the voltace change for plus or minus 15 degrees) as 9C . 

6.2.3.1.9 Friction - Unless the sensitivity resolution determined by con- 
ducting the procedures of paragraph 6.2.3.1.7 far exceed the 
potentiometer resolution determined in paragraph 6.2.3.1.6 the 
iriction test shall not be performed. Should friction tests be 
required, record the minimum force required to overcome friction. 

6.2.3.1.10 Frequency Response - Determine the frequency range within which 
the gyro will respond to develop an output signal of constant 
amplitude when a velocity or rate of constant amplitude is applied 
to the axis. 

NOTE:  1. In practice, the useful frequency range of the gyro is 
not necessarily limited to that narrow band of low 
frequency at which the response is found to be flat. 

2. See Appendix D for a description of the test equipment 
and the test items characteristics affecting the items 
frequency response. 

3. See paragraph 6.4.3.1.5 for instructions for preparing 
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response curves and determining percent of critical 
damping. 

a. Mount the gyro in the center of an oscillatory rate 
simulating table so that the sensitive axis of the gyro is parallel with 
the axis of rotation of the oscillating table. Take care to avoid damaging 
the table pivots. 

b. Connect the gyro to the test circuitry as described in 
Figure 4 (paragraph 6.2.3.1.6). 

c. Start the rotor by applying 28 volts d-c and turn on the 
simulator oscillator and amplifier for warmup. Be sure that the oscillator 
amplitude adjustment is on zero (fully CCW for the Micro-Cee Model 10-C 
discussed in Appendix D) • 

d. Adjust the simulator in accordance with the manufacturer's 
instructions and leave it on standby. 

e. Energize the gyro potentiometer with 36 volts. Ensure that 
the gyro motor is running with the proper voltage. 

f. With the gyro level and subject to a zero rate input perform 
the following: 

1) Establish null or R0 relations between the gyro 
potentiometer and the external potentiometer No. 2. 
(see Figure 4) by adjusting the external potentiometer. 

2) Adjust the recorder for a deflection, of some con- 
venient value, designated M (i.e. 0.25 volts per milli- 
meter amplitude) and for a chart speed of 25 millimeters 
per second. 

3) Adjust the stylus to the center of the chart. 
4) Select the desired input velocity using the criteria 

given in Appendix D. 

g. Set the simulator oscillator on 0.3 cps and turn up the 
oscillator gain until the peak to peak output, as read on the calibrated 
recorder, is equal to the voltage value G0 obtained in step g of paragraph 
6.2.3.1.8. 

NOTE:  1. Step g ensures that the peak to peak input and peak to 
peak output of the gyro are of the correct value for 
the frequency response and that the gyro is operating 
within the flat portion of its frequency response curve. 

2. Monitor the output velocity signal of the simulator 
and, for the balance of this procedure, ensure that the 
velocity signal remains constant. The operating fre- 
quency of the simulator will be varied but the 
velocity must remain the same. 

h.  Start the recorder and record a minimum of 6 cycles.  Stop 
the recorder. 

i.  Mark the recorder chart to identify the voltage amplitude 
and oscillatory frequency in cps. 
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I Repeat   slips   i   through  i at   l\\v  IDllouinK simnl.itor os- 
cillatlons;     i).).  0.8,   1  0,   2.0,   1,0,  (> 0,  »..(), and   10.0 ops. 

k.       Repeat   steps   l   through  i,   in   incrcmonts of 3 cps,  slarting at 
15 cps and Lontlnuing ti> the maxinun allowable as statt-d in Appemlix D 
(tor  the hypothetical   gyro  of  paragraph 6.2.3.1,3 25  cps is maximum). 

d.J.i.l   II   Natural   rivqiifiu y   -   Drtormine   the   frequency at which  the gyro,   in 
an undamped  state, will   ring or resonate, as  follows: 

NOTE:     The method   used  in  this procedure   is based  on  the  physical 
law which   states  that  a 90 degree phase difference exists 
between  tite  displacement  and   the  velocity  of a body  in 
sinusoidal   notion, and upon  the physical   fact  that  the 
input-output phase characteristics of a mechanical device, 
such as a  rate gyro,  shift  by 90 degrees when it  is 
exercised at a  frequency  to which  it  is resonant.     These 
two characteristics  lend  themselves well  in determining 
the  resonant  or natural   frequency of a rate gyro of this 
typo,  since  the signal   from the gyro is a velocity signal 
and  is 90  degrees displaced   from an oscillating simulator 
Which has a displacement  signal  in addition to the velocity 
signal.     It  remains only  to compare  the phase relations 
between  the  two signsls, which will be approximately 90 
degrees apart at  low  frequencies. 

a. Mount,  connect, and energize  the  test gyro as described  In 
steps a  through  c   of paragraph 6.2.3.1.10. 

b. Connect  the gyro output   (terminals  1 and 2 of Figure 4) 
In  the Y channel  of an oscilloscope.    Connect  the  simulator displacement 
output  into  the X channel  of  the oscilloscope  to obtain a Lissajous 
pattern. 

c. Start  the  simulator table  operating at  1 or 2 cps and adjust 
the amplitude  of both  oscilloscope channels  to a convenient trace  (2 Inches) . 

d. Gradually  increase the  frequency of the  simulation table 
while varying  the gain of  the  oscilloscope Y channel   to maintain a 
balanced Lissajous pattern.     Record the  frequency of  the simulating table 
when  the Lissajous pattern collapses to a diagonal  straight  line.     This Is 
the  ln-phase  signal  condition which Indicates  the gyro's natural  frequency. 

6.2.3.1.12 Case Leak - Determine if a hermetically sealed rate gyro case, 
filled with about 1/2 atmosphere of inert gas, has any leaks as 
follows: 

a. Place  the gyro  In a bell jar and, using suitable clamps and 
blocks, affix a  sensitive dial  Indicator micrometer  to the end of  the 
gyro case  in  such a manner  that any expansion of the gyro case will be  shown 
by  tho  dial   indicator as  displacement. 

b. Set   the dial   indicator  to zero. 
c. Place a  bell  jar cover over  the gyro/micrometer setup and 

evaluate  the bell  jar  to 0.5  of mercury  (In hg) .     Record the dial  Indicator 
reading. 
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NOTE:    Due to the differential of nearly an atmosphere between 
the inside and  outside of  the gyro case,   the dial 
indicator will read a  large positive displacement. 

d.       Maintain the 0.5 in hg in the bell jar for  two .lours and 
record  the dial indicator reading. 

NOTE:    A decrease in  the reading indicates a case  leak. 

6.2.3.1.13 Width of the Potentiometer Wiper - Perform the  following: 

a. Measure the resistance between pins  1 and 2 of Figure 3, 
paragraph 6.2.3.1.3, using a Shallcross bridge. 

b. Move the potentiometer wiper slightly and repeat  step a. 
c. Repeat step b. 
d. Isolate the wiper from the potentiometer by inserting a thin 

paper between them and repeat step e. 

NOTE:     If the gyro is hermetically sealed this test cannot be 
performed unless an identical spare is available. 

6.2.3.2      Tests Peculiar to Integrating Rate Gyros of the Floated Gimbal, 
A-C Pickoff Type 

See Appendix E for a discussion of these gyros. 

6.2.3.2.1 Flotation Fluid Temperature - Perform the following: 

NOTE:    The gyro's best performance will be derived when the 
flotation fluid is at the specific temperature, plus 
or minus tolerance, called for in the applicable 
military specifications. 

a.      Prepare the gyro for  testing as follows: 

1) Mount the gyro in its fixture, on a  suitable test table 
whose  surface is rotatable  (a dividing head)   so that 
the gyro output axis  (OA)  and the table rotating axis 
(TA)  are parallel and horizontal. 

2) Connect the gyro output through a demodulation to a 
recorder. 

3) Connect gyro in a closed servo tumbling mode and fully 
excite it. 

NOTE:     1.  Best results,  for this test, are obtained if the 
tumbling  loop gain is reduced  to one-half  its normal 
value. 

2.  The close servo loop tumbling mode is an operational 
mode whereby the torque generator control winding 
can be switched temporarily from a closed servo 
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4) 

5) 

Loop Co another driving current to rotate the 
gimbal off a desired mount, then switched back 
again so that a signal generator signal through 
its amplifier can be made to supply current to 
the torque generator control dial. 

Bring the gyro temperature up to the value specified 
by the manufacturer and allow it to stabilize for 20 
minutes. 
Position the gyro for a minimum or null signal 
generator (SG)  output (Ej^)  by rotating the gyro in its 
fixture and record the EN value. 

b. Open the servo loop to the torque generator (IG) and bypass 
another source of direct current through the control field of the TO to 
rotate the gyro gimbal in a positive direction until the SG output, as read 
on the recorder, reaches a predetermined value (i.e. + IS millivolts). 

c. Remove the current from the TG control field and close the 
gyro's own servo loop.    Allow the gyro loop to drive the gimbal back to 
null EN. 

d. Repeat steps b and c rotating the gimbal in a negative 
direction. 

e. Repeat steps b through d, increasing or decreasing the 
temperature and allowing time for stabilization, until an operating 
temperature is found which results in good repeatability of EN if steps 
b through d do not give good repeatability (see Figure 5). 

-15MV 

•15MV 
\ -H5MV 

+15MV 

Off Temperature On Temperature 

Figure 5.    Temperature Test Recording 
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6.2.3.2.2 Gyro Transfer Function - Perform the following; 

a.  Prepare the «yro for testing as follows: 

1) Mount the gyro in its fixture on a precision right angle 
bracket, and mount the bracket, in turn, on a dividing 
head. 

2) Orient the gyro so that the IA and dividing head rotating 
axes are vertical, with the SRA directed north and south. 
This will orient the OA east and uest. 

3) Tilt the dividing head 90 degrees toward the west and 
adjust for gyro level to within allowable limits in two 
directions, E-W and N-S. 

4) Electrically connect the gyro in the open loop mode as 
shown in Figure 6 and close tiie DPDT rotation switch 
(to the TG) to Position 1 and adjust the current in the 
control field (Ic) to reduce gyro drift near null as 
indicated by the SG output to less than 0.1 millivolts 
per second. 

NOTE:  1. Analysis of Figure 6 discloses that the current 
in the TG control and pattern fields is now in 
series but in phase opposition.  The current may 
be near 2 mi 11lamps. 

2.  The gyro, as now connected, is in the open loop servo 
mode allowing the determination of angular dis- 
placements of the gyro gimbal and consequently the 
signal generator. 

5) Record the amplitude of the TG current required to main- 
tain the rate or change in SG output to less than 0.1 
millivolts. 

NOTE:  To ensure that the SG output change is less than 0.1 
millivolts per second monitor the SG drift for a period 
of 20 seconds, tabulating the SG output at the beginning 
and end of the 20 second period. 

6) Calculate and record the SG draft rate. 

NOTE:  The tabulations and calculations of steps 3 and 6 are 
not directly concerned with the gyro transfer 
function (GTF) test.  They were done merely to set up 
conditions leading to the GTF test which is described 
below starting with paragraph 6.2.8.2.2.b. 
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Cntl Field 

Figure 6.  Transfer Function & Gimbai Freedom Tests 
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b. Rotate the dividing head in a CW direction (looking east into the 
work) until the SG output is (typically) 175 millivolts.  Record the SG output 
and the dividing head setting to within the specified tolerance (typically 10 
arc seconds). 

NOTE:  Because of elastic restraint forces, gimbal and rotor loads, 
etc., the gyro gimbal will begin to drift back toward null. 

c. Select and record an SG output voltage to be used as a reference 
point ( a. 150 millivolts). 

d. When the SG output, due to drift, decreases to the reference 
voltage (150 millivolts) perform the following: 

1. Record the dividing head setting. 
2. Rotate the dividing head CCW, through null, until the SG 

output is again 150 millivolts, but in phase opposition, 
and record the dividing head setting. 

e. Repeat steps b through d for a total of four sets of readings. 

6.2.3.2.3 Gimbal Freedom Rate - Determine the extent of any restraining forces, 
including friction, within the gyro which tend to limit the gimbal movement at 
low input rates, as follows: 

NOTE:  This test shall be performed under the following restrictions: 

1. During testing, do not bump, tap or otherwise distrub the 
gyro.  To do so may have effect of overcoming strictions 
and invalidating the test data. 

2. A gimbal movement through plus and minus two degrees, at 
a velocity of ten degrees per hour (two-thirds of earth's 
rate) will be used. 

3. From Appendix E, paragraph c, the following assumption is 
mide:  The torque in dem produced in the TG to rotate the 
gxmbal is numerically equal to the product of the currents, 
in milliamps, in the pattern field (Ip) and the control 
field (Ic), i.e., = dem = m   (TG torque is always re- 
ferred to in terms of dem). 

4. For calculations in Appendix F: 

a) SG sensitivity is 5 millivolts/ 
b) Angular momentum, H. , of the gyro wheel = 10 gm cm / 

second. 

a.  Mount the gyro on the surface plate of a dividing head so that 
when the surface plate is level in both directions, with both dividing head 
Indices on zero, the SRA is normal to the earth's rotational axis (designated 
position 1 for this test) and the following orientation exists: 

1. The OA is horizontal to N and S. 
2. The IA is vertical. 
3. The SRA is horizontal to E and W, 
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b. Electrically connect the gyro in the open servo loop mode as 
indicated in Figure 6. 

c. Adjust the current in the TG coils (coils are in series) so that 
the SG output voltage drift near null will be less than 0.05 millivolts per 
second, 

NOTE; For the example cited in this test, the 0.05 millivolt/second 
represents a drift rate of about 0.1 m-rad/second and is 
approximately the SG resolution of an actual gyro. 

d. Record the TG current (Ip and Ic) and developed torque (dem) as 
determined from dem = m^ (I I ).  Designate this torque as T.. 

p c ^      o 
e. Connect a recorder, with its chart set on slow speed, across the 

SG output. 
f. Turn on the recorder and simultaneously impose a gimbal precession 

rate of 10 degrees per hour in a positive direction by adjusting the current 
in the coils for a torque equal to T0 + 4.847.  See Appendix F for the deriva- 
tion of the 4.84/ value. 

NOTE:  1.  The current passing through the TG coils will be the 
sum of the current necessary to produce T0 + /^.487 and 
is the required current to obtain the desired rate of 
gimbal precession of 10 degrees per hour (/4.487 ^ 2.2 
milliamps). 

g. Determine and record minimum torque required for the gimbal or DA 
to be rotated through the selected angle of plus 2 degrees; i.e. 9=2 degrees 
(as stipulated in Note 2 of paragraph 6.2.3.2.3) by observing the time required 
for the SG output, as read on the recorder chart, to reach 175 millivolts. When 
the SG output reaches 175 mv operate switch SI of Figure 6 to reverse the TG 
current and drive the SG back to null, EN.  Should the SG output not reach 175 
mv after 5 minutes of operation proceed to step h. 

NOTE: The figure 175 mv is used for the following reason: Since 
1 m-rad is equal to 0.0573 degrees, the SG output, when 9 = 
2 degrees, or E0 as a function of two degrees [f(6)] may be 
expressed as :   2°   = E f (9) 

0.0573 
5 mv 

and E f (9) = 175 mv 

h.  Increase the TG current in 0.5 milliamps until 175 mv is attained 
and record the required torque.  Return the SG output to null as described in 
step g. 

i.  Repeat steps b and c so that T0 retains the value it had in step 
d. 

j.  Start the recorder and simultaneously impose a gimbal precession 
of 10 degrees per hour in a negative direction by adjusting the current to pro- 
duce a torque equal to T0 minus 4.847. 

k.  Repeat steps g and h, 
I.  Repeat steps b through k with the gyro oriented in the following 

positions: 
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1) Position 2:  OA vertical reference end clown, 1A horizontal to 
E and W, SRA horizontal to N and S. 

2) Position 3:  ÜA horizontal reference end directed toward 
South, 1A horizontal E   and W, SKA vertical. 

3) Position 4;  OA vertical with reference end directed up, 1A 
horizontal E and W, SRA horizontal N and S. 

6.2.3.2.4 Null Repeatability - Determine the null repeatability as follows: 

NOTE:  This test shall be performed under the following conditions: 

1. The null position is defined as that 1A orientation where 
all gimbal and all other unbalance forces are equaled and 
opposed by cancelling internal forces in combination with 
the earth's rotational effect: 

a) Zero current in the TG control field current 
b) "ull rated current in the pattern field as specified 

by the applicable specification (commonly from 5 to 12 
milliamps).  Assume 8 mllliamps for this test. 

2. The gyro circuitry shall be connected in the closed loop 
servo mode: 

a)  SG output leads must be connected through impedance 
matching circuitry to the input of a servo amplifier 
and the servo amplifier output connected to the TG 
control field coil.  Figure 6, modified as shown in 
Figure 7, is recommended as adequate circuitry and 
consists of the following changes: 

1) The TG control field leads have been removed from 
switch SI of Figure 6 and connected to another 
controllable d-c source in Figure 7. 

2) The two terminals of switch SI have been shorted 
together, with hard wire, to provide circuitry to 
the TG pattern field. 

3) Switch S3 of Figure 7 is set to position 1. 

a. Mount the gyro on the leveled surface plate of a precision divid- 
ing head oriented as follows: 

1) The SRA directed approximately, N and S 
2) The IA reference end directed slightly novi;h of east 
3) The OA vertical and parallel with the dividing head rotating 

axis 

b. Adjust the current in the TG pattern field to the specified value 
(8 milliamps has been assumed). 

c. Slowly rotate the dividing head in a CW direction as viewed from 
above (the IA directed eastward) until a position is found where the gyro 
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Gimbal   Position 
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Figure   7.    Channel    o       ;ure 6  to  Incorporate Closed  Loop 
Servo CperavIon and Draft Test 
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2 
drift rate does not exceed 0.02 degrees per hour r (ma )(2.063)].  Record the 
dividing head reading to within two arc-seconds, as the CW east null setting. 

d. Continue the rotating procedure of step c until a null similar 
to the one of step c is found with the IA reference directed westward.  Record 
the dividing head setting as the CW west null setting. 

e. Place S2 of Figure 7 at position 3, to prevent damage to the micro- 
ammeter, before continuing to Step f. 

f. Rotate the dividing head in a CCW position and locate the east null 
for a CCW approach.  Record the dividing head reading as the CCW east null 
setting. 

g. Continue rotating the dividing head in a CCW direction until the 
IA gimbal null is determined with the IA reference directed westward.  Record 
the dividing heading setting as the CCW west null setting. 

h. From the data of steps c, d, f, and g determine the east null 
reference and west null reference by averaging the east CW and CCW dividing 
head settings and the west CW and CCW dividing head settings. 

i. Rotate the dividing head in CW to each of the null reference points 
of step h and record the I I of the TG for each position. 

p c 

NOTE:  Allow no more than 3 seconds to lapse between positioning the 
dividing head and heading the I I values. 

p c 

j.  Rotate the dividing head in a CCW direction to each of the null 
references point of step h and record the I I of the TG for each position. r r p c 

k.  Repeat steps i and j until a total of four readings have been 
taken at each reference null point for both CW and CCW direction dividing head 
rotation. 

1. Determine and record the drift rate for each of the eight read- 
ings of steps i through k by multiplying I I by 2.063. 

P c 

NOTE:  Proceed directly to paragraph 6.2.3.2.5 without disturbing the 
gyro mounting test set up in any way. 

6.2.3.2.5 Fixed Torque - Perform the following: 

a. Record the east and west null reference points of paragraph 6.2.3.2.4.h 
b. Define and record the true north and south reference positions of 

the dividing head by bisecting the east and west null reference points of step a. 
c. Position switch S3 of Figure 7 to position I  and switch S2 in the 

proper position to protect the meters. 

NOTE:  Current for I normally will be 2 microamps or less for east- 
west reference positions, and much greater (use the milliamp 
meters) for north-south positions. 

J.  Rotate the dividing head through two CW and two CCW rotations. 
Stop at each null reference point during each rotation and record the TG control 
current I , within 3 seconds after bringing the dividing head to the null position 
and the constant TG pattern current, I . 

P 
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e.  Determine and record the drift rate for each o£ the eight read- 
ings of step d In' multiplying I I  by 2.0(i3. 

p c  " 

NOTE:  Proceed directly to paragraph 6.2,3.2.6 without disturbing 
[lie ^yro mounting test setup in any way. 

6.2, !,2.6 Elastic Restraint - Determine the maximum torque exerted on the gimbal 
by the stiffness of any internal flex conductors, and the TG and SG flux linkage 
spr i nj; equ ivalenl. 

NOTE:  I.  Elastic restraint is a varying quantity, increasing 
proportionately with gimbal displacement.  Therefore, 
the test shall be conducted under conditions where the 
gimbal is actually or simulatedly rotated off from the 
null position as far or farther than would ever be expected 
under normal operation. 

2.  Elastic restraint will herein be expressed as a ratio of 
torque which causes a gimbal precession rate in degrees 
per hour per milliradian (mrad) of SG displacement.  The 
SG sensitivity is assumed to be 5 millivolts per milli- 
radian as noted in paragraph 6.2.3.2.3. 

a. Position switch S3 to position 2 and switch S2 to the position for 
the best I  current reading. 

NOTE:  I may be on the order of 25 microamps. 

b. Adjust the SG power supply to 50 milliamps. 
c. Adjust the I  for the required value (8 milliamps for this 

example). 
d. Rotate the dividing head to the east reference null position of 

principal 6.2.3.2.4.h. 
e. Adjust the gimbal control potentiometer (see Figure 7) for 

(typically) 50 millivolts as read on the VTVM for positive gimbal position. 
Record the voltage and !_ and Ic. 

f. Readjust the gimbal position. Record the voltage and I . 

6.2.3.2.7 Unbalance, Gimbal and Mass - Determine the rate of drift in degrees 

per hour contributed by unbalance of the rotor mass (MUSRä) an'' 0^  t^e gimbal 

unbalance (MUTA), and the vector component „of unbalance (mass unbalance total) 
2     2       2 

MU T = MU    + MU  , using the closed servo loop mode of paragraph 6.2.3.2.6, 

as follows: 

a.  Record the east, west, south and north null reference settings 
determined in paragraph 6.2.3.2.5 with the north null reference indicated as 
the up null reference, and the south null reference indicated as the down null 
reference. 
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b. Mount the gyro in its fixture directly to a dividing head so 
that when the dividing head is tilted exactly 90 degrees the OA will be horizon- 
tal, directed south, and parallel with the dividing head rotating axis. 

c. Rotate the dividing head through two CW and two CCW rotations. 
Stop at each null reference point during each rotation and record the control 
coil imbalance current Ic within 3 seconds after bringing the dividing head 
to the null position, and Ip. 

d. Determine and record the drift rate for each of the 4 readings 
of step c by multiplying I Ic by 2.063. 

6.2.3.2.8 Axis Alignment - Perform the following: 

a. Mount the gyro on an equatorial turntable (sidereal rate table) 
so that the turntable's rotational axes are parallel to each other and to the 
earth's rotational axis. 

b. Connect the gyro in the open loop servo mode of Figure 6. 
c. Rotate the turntable at a low rate (6 revolutions per hour) and 

record the maximum and minimum (increasing and decreasing) SG output voltage. 

NOTE:  1.  The misalignment of the gyro axis is determined by con- 
verting millivolts per radian into degrees per millivolts, 
as indicated in Appendix F. 

2.  If no equatorial table is available, this test, and the 
test of paragraph 6.2.3.2.9 can be accomplished by mounting 
the gyro on a rate table and tilting the entire rate table 
so that the gyro OA, the rate table rotating axis, and 
the earth's rotational rate are parallel. Then proceed 
as outlined where the use of the equatorial table is 
recommended. 

6.2.3.2.9 Random Drift (Cogging) - Perform the following: 

a. Mount the gyro on an equatorial turntable with the OA, IA, and 
the earth rotational axis parallel (typically within ten arc minutes). 

b. Electrically connect the gyro in a closed loop servo mode as 
shown in Figure 6 modified to include Figure 7. 

c. Connect a tape recorder, having a tape not less than 4 inches 
wide; to monitor the TG control field current.  Reduce the excitation to the 
TG pattern field to about one-tenth normal, i.e. 1 milliampere. 

d. Drive the turntable at a constant rate of one revolution every 
ninety minutes for two complete CW direction revolutions and two CCW direction 
revolutions. 

e. Ensure that the tape has identifying marks indicating the 
different gyro positions as it turned through IA east, IA down, IF west, and 
IA up. 

6.3      TEST DATA 

6.3.1    Arrival Inspection Tests 
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Record the following, as applicable: 

a, Adequacy of packaging (broken locks, etc.) 
b, Container damages (breaks, tears, etc.) 
C.  Material detects (cracks, bent, etc.) 
d. Poor workmanship 
e. Compliance with specifications 
f. Adequacy of markings 

6.3.2 Resistance and Insulation 

Record the following: 

a. For each resistance value measured: 

1) Test points being measured 
2) Resistance in ohms of: 

a) Calculated value 
b) Measured value 

b. For each insulation measurement: 

1) Assemblies/points being measured 
2) Resistance in megohms 

c. For dielectric measurements; 

1) Positions being checked 
2) Voltage applied 

6.3.3 Procedures Common to All Gyros 

6.3.3.1  Phasing 

6.3.3.1.1 Rotor Position - 

Record the following: 

a. Test hemisphere (north, south) 
b. Direction of rotation (CW, CCW) 
c. Gimbal drive (no motion, driven into stops) 

6.3.3.1.2 Pickoff or Signal Generator Phasing - 

Record the following: 

a. Rate of gimbal precession 
b. Direction of  gimbal precession 
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6.3.3.1.3  Signal   Generator  or   Pickoff  Characteristics   - 

Record   the   following   for each  half of  the  secondary winding: 

a. Secondary winding  under   test   (3-4,   4-5) 
b. E]^   in volts 
c. Ep   in  vo11s 

6.3.3.2       Rotor  Starting Time,   Rotor Starting Current   and  Running Current,   and 
Rotor  Friction or Coast  Down Time 

a. Record the following: 

1) For rotor starting time and rotor starting and running 
currents: 

a) Time for the rotor voltage to stabilize 
b) Initial voltage in volts (from Vi) 
c) Stabilized voltage in volts (from V^) 
d) Initial rotor voltage in volts (from V2) 

2) For rotor friction or count down time: 

a) Time required for the rotor to coast down in seconds, as 
determined from V2 

b. Retain the recorder tape. 

6.3.4    Tests Peculiar to Free or Two Degree of Freedom Gyros 

6.3.4.1  Tests Peculiar to Free Gyro, A-C Pickoff 

6.3.4.1.1 Gimbal Freedom - 

Record the following: 

a. Starting position of indexing head (original set up, rotated 
180°) 

b. Pre-tilt output voltage 
c. Direction of rotation (CW, CCW) 
d. Time required for rotation in seconds 
e. Final output voltage 

6.3.4.1.2 Gimbal Caging Provisions - 

Record the following: 

a. Verification of circuit continuity 
b. For caging accuracy: 

1) Cycle number (1, 2, 3) 
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2) Gimbal output voltage 

c. For backlash: 

1) Maximum voltage output: 

a) Inner gimbal 
b) Outer gimbal 

2) Null points passed through: 

a) For inner gimbal 
b) For outer gimbal 

d. For caging and uncaging time: 

1) Time required to affect caging in seconds 
2) Time required to affect uncaging In seconds 
3) Uncaged pickoff null in volts 
4) Time required to affect caging, with uncage signal applied 

in seconds 

e. Uncage displacement in degrees 
f. Current, in amperes, for: 

1) Cage circuit 
2) Uncage circuit 
3) Each indicating circuit 

6.3.4.1.3 Outer Gimbal Sensitivity cr Scale Factor (SF) - 

Record the following: 

a. For open circuit test: 

1) Voltage with test item caged 
2) For each direction and degree of rotation: 

a) Direction of rotation (CW, CCW) 
b) Degree of rotation (1°, 3°, etc.) 
c) Voltage across load resistor 

b. For closed circuit test: 

1) Voltage with test item caged 
2) For each direction and degree of rotation: 

a) direction of rotation (CW, CCW) 
b) Degree of rotation (1°, 3°, etc.) 
c) Voltage across load resistor 

•40- 



MTP 5-2-514 
29 January 1968 

3)  For tracking ability at each degree of table rotation: 

a) Degree of table rotation (5°, 10°, 15° etc) 
b) Degree of external shift rotation in degrees ±0.05 

degrees 

6.3.4.1.4 Inner Glmbal Sensitivity or Scale Factor (SF) - 

Record the following: 

a. Open circuit test: 

1) Voltage with test item caged 
2) For each direction and degree of rotation: 

a) Direction of rotation (CW, CCW) 
b) Degree of rotation (1°, 3°, etc.) 
c) Voltage across load resistor 

b. For closed circuit test: 

1) Voltage with test item caged 
2) For each direction and degree of rotation: 

a) Direction of rotation (CW, CCW) 
b) Degree of rotation (1°, 3°, etc.) 
c) Voltage across load resistor 

3) For tracking ability at each degree of table rotation: 

a) Degree of table rotation (5°, 10°, 15°, etc.) 
b) Degree of external shift rotation in degrees ±0.05 

degrees 

6.3.4.1.5 Slip Ring Test - 

Record verification of no intermittent synchro output voltages. 

6.3.4.1.6 Alignment of the Axis Gyro - 

Record the following: 

a. For spin axis alignment: 

1) Peak inner gimbal output, in volts, for: 

a) Clockwise rotation 
b) Counterclockwise rotation 

2) Indication of having passed  through null 

-41- 



M'l i' ■.-:'-'. i't 

.',)   lanuarv   l%8 

1).     For outer glmbal   perpendicular wiLli   inner glmbal: 

1) Uncaged,   unt i Lted  outer s'111''^'  output   in  volts 
2) lih   ang I e   i n degrees 
i)      rilted  outer  gimbal   output   in volts 

c.     For outer gimbal   nonorthogonalIty with  the  case: 

1) For E-l: 

a) Outer gimbal output, prior to tilt, in volts 
b) Outer gimbal output, after tilt. In volts 

2) For E-2: 

a) Outer gimbal output, prior to rotation in volts 
b) Outer gimbal output at 180° rotation, in volts 

(>. 3.4. L.7 Gyro Dri Et Test - 

Record the following: 

a. For static drift; 

I)     For each  position: 

a) Position number   (1,   2,   3,   etc.) 
b) Caged gyro,   external  synchro null  shaft position in 

degrees 

b. For dynamic  drift: 

I)  For each position: 

a) Position number 
b) Caged gyro, external synchro load resistor voltage 
c) Caged gyro, external synchro null shaft position in 

degrees 

6.3.4.2  Tests Peculiar to Free Gyro, D-C Pickoff, of the Displacement or 
Amount Type Having a Preset Feature 

6.3.4.2.1 Potentiometer Tests - 

a.  For resistance values, record the following: 

1) Ambient room temperature 
2) Resistance, in ohms, across: 

a) H and J 
b) G and I 
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b. For potentiometer resolution  retain the  recorder graph  - 

c. For width  of potentiometer contact  surface  record  the   following 

1) JRi   (resistance between G and H) 
2) JR2  (resistance between G and H after counterclockwise 

rotation) 

6.3.4.2.2 Threshold Sensitivity - 

Record  the  following: 

a. Run number (1, 2, or 3) 
b. Null reading in volts 
c. Indexing head reading at null in degrees 
d. Direction of rotation (CW, CCW) 
e. Indexing head reading for voltage change in degrees 

6.3.4.2.3 Sensitivity Resolution - 

Record the following: 

a. Setting of the indexing head in degrees (10, 20) 
b. VTVM reading in volts 
c. Direction of rotation (CW, CCW) 
d. Indexing head setting after rotation in degrees 

6.3.4.2.4 Null Region - 

Record the following for each "tap": 

a. Tap being measured (H, G, Ij K) 
b. For taps G and I: 

1) Indexing head reading, when VTVM reads minimum or null, in 
degrees 

2) Indexing head reading, when VTVM indicates small output, 
in degrees 

c. For taps H and J: 

1) Indexing head reading, when VTVM stops decreasing in value, 
in degrees 

2) Indexing head reading, when VTVM indicates decreasing value, 
in degrees 

6.3.4.2.5 Potentiometer Taps, Location - 

Record the indexing head reading, in degrees, at the following point; 
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,i. When  tap .1   is   reached  (maximum positive voltage) 
.). When   leaving  lap .1   (voltage commences  to decrease) 
c. When  tap  I   is  readied  (zero voltage output) 
d. When   Leaving  tap   I   (voltage goes  negative) 
e. When  tap II   is   readied   (maximum negative  voltage) 
f. When   leaving  Lap 11  (voltage  becomes   less  negative) 
g. When  tap C   is   reached   (^ero voltage output) 
h. When   leaving   tap  G   (voltage  goes  positive) 

(). 3. 5 Tests  Peculiar   to  Rate  or Single  Degree  of  Freedom Gyros 

6,3.5.1        Tests  Peculiar   to Common Type  Rate Gyros  Having a D-C   Potentiometer 
Pickoff 

6.3.5.1.1 Static  Balance  or  Null  - 

a. Input  voltage 
b. Output  voltage   (static  balance voltage) 

6.3.5.1.2 Dynamic  Balance  - 

Record the gyro output in volts at the following positions: 

a. Position 1 
b. Position 2 
c. Position 3 

6.3.5.1.3 Threshold Sensitivity - 

Record the following: 

a. Velocity of the table, causing a voltmeter change, in a CW 
direction, in degrees per second 

b. Velocity of the table, causing a voltmeter change in a CCW 
direction, in degrees per second 

6.3.5.1.4 Alternating Component - 

Record the alternating voltage component peak to peak voltage. 

6.3.5.1.5 Range, Hysteresis Error - 

Record the following for each rotation rate: 

a. Rotation rate in degrees per second 
b. Output/input ratio (pins 1-3/1 2) 
c. End ratio positive (ER ) (pins 1-3/1-2) 
d. End r 'nge positive (Er ) in degrees per second 

p 
e. Hysteresis  positive error  (H    )   (pins   1-3/1-2) 

Pc 
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f. End ratio negative (£„ ) (pin  1-3/1-2) 
II 

g. End range negative (E  ) in degrees per seco ml 

h.  Hysteresis negative error (H ) (pins 1-3/1-2) 

6.3.5.1.6 Resolution, Potentiometer - 

Retain recorder graph Chart 2. 

6.3.5.1.7 Sensitivity Resolution - 

Record the following for each rotation rate: 

a. Rotation rate in degrees per second 
b. Rate at which recorder steps one step in degrees per second 

6.3.5.1.8 Calibration, Repeatability and Linearity - 

a. Record the following for each run: 

1) Run number (1, 2, 3) 
2) Direction of rotation (CW, COW) 
3) For each rotation rate: 

a) Rotation rate in degrees per second 
b) Voltage ratio (pins 1-3/1-2) 

b. Record the following for 9 : 

1) Direction of rotation (CW, CCW) 
2) Voltage ratio (pins 1-3/1-2) 
3) Value of 9 

o 

6.3.5.1.9 Friction - 

Record the minimum force required to overcome friction, in dem, 
when applicable. 

6.3.5.1.10 Frequency Response - 

a. Record the  following: 

1) Recorder deflection,  M,   in volts per millimeter amplitude 
2) Voltage ratio 90 (see paragraph 6.3.5.1.8.b.3) 

b. Retain the recorder chart. 

6.3.5.1.11 Natural Frequency - 

Record the frequency of the simulation table, when the  Lissajous 
pattern collapses,   in cps. 
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i i   the micrometer   reading  afl   follows! 

i.    When the   |ar w.is evacuated  to 0,5   In li>;. 
i.     After two hours exposure  to 0,5   in lig. 

* . (. ■.I. M Width of Potenl lometer Wiper  - 

ti i ord  ! he   i o I low i n^: 

a. Resistance   in olims   for eacli  measurement,  without   inserting 
paper: 

ii    Prior to moving wiper 
-t    After moving wiper (Km) 

■),     Resistance   In ohms  with  paper   inserted   (Rp) 

6.3,5.2       Pests   Peculiar  to   Integrating  Rate Gyros  of  the   Floated Gimbal 
A-c  Pickoff Type 

• i.t.i..'.!   flotation  Fluid   I'emperature  - 

u.     Record  the   temperature  resulting   in good  repeatability. 
b. Retain  the   recorder  chart. 

6.3,5.2.2 Gyro   Iransfer  Function   - 

Record   the   following: 

,i.     For  setting  up  test   conditions: 

\)    TG current  required  to maintain the SO output change 
rate,   in  amperes 

2)     SG drift   rate   in millivolts per second 

b.     For gyro  transfer   function  for each  set of readings: 

1) Test   run number   (I,   2,   3,   4) 
2) For  typical   setup: 

a) SG setting   in millivolts 
b) Dividing  head  setting  In degrees-minutes-seconds 

I)     Reference  voltage   in millivolts 
4) Dividing head   setting,   at CW reference voltage,   In 

degrees-minutes-seconds 
5) Dividing head  setting,   at CCW reference voltage,   in 

degrees-minutes-secondi 
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6.3.5.2.3 Glrabal Freedom Rate - 

Record the following Tor each gyro tust position: 

a. Gyro test position number (1, 2, 3) 
b. For initial setting: 

1) TG current in mllliamps 
2) Developed torque, T , in dem 

c. For driving conditions: 

1) E0 in volts 
2) TG current in milliamps 
3) Required torque in dem 

6.3.5.2.4 Null Repeatability - See Appendix G (page G-l) for a sample 
data sheet. 

Record the following: 

a. Dividing head setting in degrees-minutes-seconds ± 2 arc- 
seconds at: 

1) CW east null setting 
2) CW west null setting 
3) CCW east null setting 
4) CCW west null setting 

b. East null reference in degrees-minutes-seconds 
c. West null reference in degrees-minutes-seconds 
d. For drift rate for each rotation: 

1) Rotation number (1, 2, 3, 4) 
2) Direction of rotation (CW, CCW) 
3) Ip current in milliamps 
4) Ic current for: 

a) East null reference 
b) West null reference 

5) Ip Ic value for: 

a) East null reference 
b) West null reference 

6) Drift rate in degrees per hour for: 

a) East null reference 
b) West null reference 
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ti. 5.5.2.5 Fixed forque - St'u Appendix G (pagt; G-2)   for a sample data sheet, 

Record the following: 

a. From paragraph 6.3,5.2.4 in degrees-minutes-seconds: 

1) East null reference 
2) West null reference 

b. In degrees-minutes-seconds: 

1) North null reference 
2) South null reference 

c. Ip current in milliamps 
d. For drift rate for each rotation: 

1) Rotation number (1, 2) 
2) Direction of rotation (CW, CCW) 
3) Ic current in milliamps for: 

a) East null reference 
b) South null reference 
c) West null reference 
d) North null reference 

4) Ip Ic value for: 

a) East null reference 
b) South null reference 
c) West null reference 
d) North null reference 

5) Drift rate in degrees per hour for: 

a) East null reference 
b) South null reference 
c) West null reference 
d) North null reference 

6.3.5.2.6 Elastic  Limit  - See Appendix G (page G-3)   for sample data sheet. 

Record the  following: 

a. Ip in milliamps 
b. For positive SG output: 

1) SG output in millivolts 
2) Ic in milliamps 
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c.     For negative SG output: 

1) SG output  in millivolts 
2) Ic   in milliamps 

6.3.5.2.7 Unbalance, Gimbal and Mass - See Appendix G (page G-4) for 
sample data sheet. 

Record the following: 

a. From paragraph 6.3.5.2.5, in degrees-minutes-seconds: 

1) East null reference 
2) South null reference (down null reference) 
3) West null reference 
4) North null reference (up null reference) 

b. Ip in milliamps 
c. For each mass unbalance measurement: 

1) Rotation number (1, 2) 
2) Direction of rotation 
3) Ic current in milliamps for: 

a) Up null reference 
b) East null reference 
c) Down null reference 
d) West null reference 

4) Ip Ic value for: 

a) Up null reference 
b) East null reference 
c) Down null reference 
d) West null reference 

6.3.5.2.8 Axis Alignment - See Appendix G (page G-3) for a sample data 
sheet. 

Record the following: 

a. SG excitation in milliamps 
b. Turntable rotation rate in revolutions per hour 
c. SG output voltage at: 

1) Maximum value 
2) Minimum value 

6.3.5.2.9 Random Drift (Cogging) - 

Retain the recorder tape. 
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6.4      DATA REDUCTION AND PRESENTATION 

(i ,4. I    l'n'Ct'dufüti Common Co AIL Gyros 

6.4.1.1  Rotor Starting and Running Currents 

a. Rotor starting currents: 

I = E/R 

where:  E = Voltage across the load resistor, in volts, 
measured by V, 

R = Load resistance in ohms 

b. Locked  rotor Voltamperes  (VA): 

VA =   IE 

where:  I = rotor starting current derived in step a 
E = rotor voltage measured by Vn 

c. Rotor running currents: 

1) For d-c gyro rotors: 

I = E/R 

where:  E = Stabilized voltage across a-c load resistor 
measured by V]^ 

R = Load resistance in ohms 

2) For a-c single phase gyro rotors: 

a) For VTVM rms readings same as for d-c gyro rotors 
b) For recorder peak-to-peak readings: 

I    = Ep-p rms  m 
VA  = I    R 

rms 

3) For a-c three phase gyro rotors: 

a)  For VTVM rms readings: 

VA = El/3 
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b)  For recorder peak-to-peak readings: 

_  E p-p /3 
rms    R2/2 

VA  =  I2   3R 
rms 

6.4.2    Test Peculiar to Free or Two Degree of Freedom Gyros 

6.4.2.1  Tests Peculiar to Free Gyro, A-C Pickoff 

6.4.2.1.1 Gimbal Freedom - 

Gimbal draft in degrees = voltage draft times the scale factor as 
determined during the conduct of paragraph; 

a) 6.2.2.1.3 for the outer gir.ibal 
b) 6.2.2.1.3 for the inner giiabal 

6.4.2.1.2 Gimbal Caging Provisions - 

a.  Caging backlash and backlash: 

1) Through gyro operation:  record the maximum voltage spread 
and compare it with specified limits. 

2) Through Scorsby table operation (individual backlash): 

a) Compare the maximum voltage output with specifications. 

3) Through Scorsby table operation (total backlash - using 
null): 

a) Null traversed: 

Total caged backlash = two peak voltages - (2 x null 
voltage) 

b) Null not traversed: 

Total caged backlash ■ largest peak voltage - smallest 
peak voltage 

6.4.2.1.3 Scale Factors - 

Calculate the scale factor (gimbal sensitivity factor) as follows: 

a.  For open connection sensitivity: 

Average the 12 sensitivity readings obtained (millivolts 
divided by degrees) and compare the resulting sensitivity in 
millivolts per degree with the test item's specification. 
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NOTE:     Ulis  open connection sensitivity shall  be used   throughout 
this   MTP. 

I).  For closed connection sensitivity: 

Determine the value as described in "a" above. 

6.4.2,1,4 Alignment of the Axis of Gyro - 

a. Spin axis misalignment with reference to the gyros mounting 
surface in degrees equals = 

1) If null has been passed: 

CW peak value + CCW peak value - 2 (null voltage) 
Scale Factor 

2) If null has not been passed: 

CW peak value - CCW peak value 
Scale Factor 

3) Compare spin axis misalignment with the test item's 
specifications. 

b. Outer gimbal perpendicularity to the inner gimbal: 

The outer gimbal synchro voltage difference between the before 
and aftertilt voltages is an indication of the lack of ortho- 
gonality between the inner and outer gimbal axes.  This is 
portrayed in the accompanying sketch: 

K = 2 r Sin |^ 

P = K (0.2° -^ 

p 
ß = £ radians 

80     TT 

9 =   (2 r Sin 2)(.2 180)  180 
[       R P TT ^ deg- 

9 = .2568 | deg. 

where: 

r = radius of inner gimbal 

R = radius of outer gimbal 
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6 = rotation of outer gimbal axis due to 
error In inner gimbal axis

The sensitivity of the gyro outer gimbal was determined in paragraph 
6.4.2.1.3. If the difference between the tilted and nontilted voltage is 
more than the synchro sensitivity multiplied by 0.2568 r degree, it must be
assumed that the inner and outer gimbal axis are out of*^orthogonality by more 
than 0.20 degrees. This measurement is only an approximation since factors 
such as draft and gimbal strlction have been neglected.

c. Outer gimbal nonorthogonality with the case:

Nonorthogonality in degrees = E. - E- (outer gimbal scale
factor)

where: Ej^ « difference between measurenents at 0® reference

E2 difference between measurements at 180® 
reference

Outer gimbal scale factor was determined in 
paragraph 6.4.2.1.3

6.4.2.1.5 Gyro Drift Test -

a. Static drift:

The difference between the external shaft null for each position 
times the scale factor is static drift of that position. When the earth rate 
is sensed, the obtained drift shall be corrected for the earth rate. The 
permissible drift shall not exceed specifications; 0.3 degrees per minute in 
any of the six standard positions, after being corrected for earth rate, is 
a conmon specification.

b. Dynamic drift:

The angular separation between external synchro nulls before 
and cfter the test is the dynamic drift. After correcting for earth rate, 
when applicable, the dynamic drift rate, for any of the six standard positions, 
should not exceed 0.3 degrees pier minute.

6.4.2.2 Tests Peculiar to Free Gyro, D-C Pickoff, of the Displecement ;'r 
Amount Type Having a Preset Feature

6.4.2.2.1 Potentiometer Tests -

a. Resistance values:

Reduce the average resistance values measured in paragraph 
6.2.2.2.1.a to their 68®F equivalent using the following formula:
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ViTluTf :

= R, ^ R,a (i, -

R = resistanco at T, (68°F)
X L

resistance at ambient temperature T,

a - temperature coefficient of potentiometer wire 
0.004 ohms per degree F is a normal value

Multiply the derived R by 4 to determine the total potentiometer 
resistance. ^

b. Potentiometer resolution:

1) Percent reso'ution of the potentiometer = Number of steps
in chart 1/100

2) Number of wires in the potentiometer = Number of steps in
chart 1

Wires per degree (W ) = Number of wires/3603)

4) Resistance per wire (unconnected for temperature) =
(H-J) + (G-I) X 4/360 ohms per wire 

2

where: H-J -■ Resistance across tips H-J measured in
paragraph 6.2.2.2.1.a

G-I = Resistance across tips G-I measured in 
paragraph 6.2.2.2.1.a

c. Width of potentiometer wiper contact surface: J

Im l) JR, = (R1+R2 + R3HR4,)

R, + R, + R, + R, 
12 3 4

1

where: R,, R^ and R^ are as indicated in Figure 2,

R,

1

R^ of Figure 2.

II.

(R, + R^ + RjHR^^) 

(R, + R^ + R3) + R^
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where:  R.  = R. of Figure 2 Less  x ohms, 
4 7    4 

R 
-.JK7 (R  + R7 f R.j) 

4„    -   
2      JR,; - (R  +■ R7 + R ) 

3) R     (shorted   resistance   of  .JR,Y   'x'   olnns)   =   R.      -   K, 
w 2 I    42 

4) Wiper width (Ww)  =  Rw wires 
resistance/wire 

= Ww in degrees 
WR Rd 

where Wr, was determined in paragraph 6. 4. 2, 2.1. b. 3. 
Rd 

6.4.2.2.2 Threshold Sensitivity - 

Threshold sensitivity = Sum of six indexing head readings in degrees 
6 

(The index head readings were taken in paragraph 6.2.2.2.2 and 
recorded in paragraph 6.3.4.2.2). 

6.4.2.2.3 Sensitivity Resolution - 

Sensitivity resolution = Sum of Four indexing head readings in degrees 
4 

I 

(The index head readings were taken in paragraph 6.2.2.2.3 and 
recorded in paragraph 6.3.4.2.3). 

6.4.2.2.4 Null Region - 

a. Null region (width of tap) in degrees = Indexing head angular 
difference (at each tap 
as measured in paragraph 
6.2.2.2.4 and recorded 
in paragraph 6.3.4.2.4) - 
Sensitivity resolution 
(determined in paragraph 
6.4.2.2.3). 

b. Null region (width of tap) in wires = Null region in degrees/wires 
per degree (WR ) 

•55. 



M'l P  5-2-514 
29   l.mu irv   L9fa8 

6. ■'>. 3 Tests   Pe£uliar  io Ivatf  of Sin^U'  Degree  of  Freedorn Gyros 

6,4. t.l        festa   Peculiar   to Conmon   rype   Rate Gryros  Having  a  D-C  Potentiometer 
Plckoff 

ti. ■'». i. I . 1   Dynami c   Ba 1 .nice   - 

a.     Calculate  the   percent  of deviation  from  Lull   scale  and  record 
this  error  on  a data  sheet.     Use  the   following  formula  to calculate  the 
percent   devlatLon. 

Percent   deviation =   E     + E,   X   100 
s — d 

where: 

K = voltage at static balance (recorded in paragraph 6.3.5.1,1) 

K = voltage under dynamic balance ''recorded in paragraph 6.3.5.1.2) 

E = maximum full range voltage in plus direction 

E - maximum full range voltage in minus direction 

NOTE:  E and E will be obtained later when the calibration 
p     m 

and range tests are made (paragraphs 6.2.3.1.5 and 

6.2.3.1.8 for maximum value of R-l, voltage output 

across pins 1-3). 

b.  If the percent of deviation as derived by use of the formula 
of step a is almost out of specification tolerance, the gyro should be con- 
sidered a marginal component and should be subjected to further testing under 
an acceleration of 15 g's.  If, under 15 g's, the deviation is greater than 
specification allowances, the gyro shall be considered as badly out of balance. 
However, the test program shall be continued. 

6.4.3.1.2 Range, Hysteresis Error - (See paragraph 6.3.5.1.5) 

a.  Plus minus working range (Wr) = smaller of two values between 
E  and E 

P     P 

where:  E  = End range positive 
rp 

E  = End range negative 
rn 
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I).     Working  ratio  (WR)  =     '''V  "   i',K" 

where:     IvR    =   lr,ncl   r;iti()  positive 
P 

ER = End ratio negative 
ii 

c.  Hysteresis error at 100/, range (R - ratio at zero rate) 

= H  - H 
pe   "e   (should be 0.500 ± small tolerance) 

where: H  = Hysteresis positive error 
Pe 

H-   Hysteresis negative error 
e 

6.4.3.1.3 Resolution Potentiometer - 

Count  the positive and negative  steps on Chart  2 and divide  into 
100 - The  result  is  the potentiometer percent  resolution. 

6.4.3.1.4 Calibration,  Repeatability and Linearity - 

a. Average the results of the.three sets of voltage  ratio recordings 
of paragraph 6.3.5.1.8. 

b. Gyro repeatability and linearity characteristics: 

1)    Maximum deviation from the average of step a for: 

a) CW rotation 
b) CCW rotation 

c. Plot a graph of output voltage ratios (pins 1-3/1-2) vs. input 
rates to the gyro and plot the following: 

1) Calibration line - The best straight line passing through 
the average output ratio at zero rate R0 (see paragraph 
6.4.3.1.2.c) and through the average plot points of the 
average output ratios. 

2) Tolerance envelope dictated by the applicable military 
specification. 

NOTE: A tolerance envelope usually is specified in the 
percent of input rate to the full range of the 
gyro. The tolerance envelope is plotted for quick 
reference to see if any of the calibration points 
are out of tolerance.  The envelope is derived from 
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thfl following relation:      1-3   »=    R     f   p       +•   At'  * 

where: 

V. ,     "   2 W       W 
1-2 r       r 

A  = allowable error dictated by the specification 

K  ■  average of two output ratios measured at 
zero Input rate when this rate is approached 
from clockwise and counter clockwise rates 

I  =  input rate in degrees per second (positive 
P    for CW rotation and negative for CCW 

rotation) 

W  = nominal working range as obtained in step 
8 of paragraph 3.3.1.5 

d.  Linearity check:  Compute and record the ratio D/0. for each 
plot point of the average output voltage ratio versus input rate line where: 

D = deviation of any plot point from the calibration line 

0 = full scale output in volts 

NOTE: Ratio of D/0f must not exceed specifications. 

6.4.3.1.5 Plotting a Frequency Response Curve and Determining Critical Damping - 

a.  Plotting a frequency response curve: 

1) Refer to paragraph 6.3.5.1.10 for the voltage value 9 . 
Note that since 9- is a d-c value of a plus and minus 
velocity of 15 degrees per second and the peak-to-peak 
recorder chart traces obtained in paragraph 6.3.5.1.10 
are plus and minus values of an amplitude changing d-c 
voltage, there is no necessity to reduce these values to 
rms.  Use peak-to-peak chart values (designated now as 9f) 
against 9  at all times.  Sr signifies output voltages at 
various frequencies of the simulating table and 90 signifies 
a voltage output at zero frequency. 

2) Refer to paragraph 6.2.3.1.11 (Natural Frequency). Designate 
the natural frequency as f .  Also refer to paragraph 
6„2.3.1.10 (Frequency Response) and from the identified 
recorder chart, observe the peak-to-peak voltage amplitude 
and the corresponding oscillator frequencies at each of the 
tests conducted in steps g through h.  Identify the various 
voltages as 9f and the corresponding frequencies as f. 
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3)  On a 3-cycle semi-log graph paper, lay off f/fn on the 
abscissa and select the beginning of the third cycle for 
f/fn « 1.  Starting at about half way np on the left 
ordlnate side, select a plot point as unity where 
6f/90 ■ 1.  Now from the identified recorder chart, deter- 
mine the various voltage amplitudes at the corresponding 
frequencies.  Plot on the graph paper a curve, 9f/f0 versus 
f/f .  Notice that when the ratio f/fn is small,    of/6« 
will be flat or unity. As f/f approaches unity, the ratio 
6,/60 will reach a maximum then begin to decrease.  The 
maximum to which the ratio G^/S will attain depends upon 
the percent of critical damping of the gyro.  Percent damping 
will be discussed in the next paragraph. 

b. Percent Critical Damping -- Obtain the damping factor X by 
comparing the frequency response curve to a family of curves of a simple 
resonant system. 

6.4.3.1.6 Width of the Potentiometer Wiper - See paragraph 6.3.5.1.13 

a. Ohms/turn: Resistance prior to moving wiper/number of wires 
in the potentiometer (see paragraph 6.4.3.1.3 for 
total number of wires). 

b. Width of potentiometer wiper, in turns of wire = 

R - R 
p   m 
Ohms/turn 

where:  R = smallest resistance value obtained when moving 
the potentiometer 

R = resistance value obtained with paper inserted 
p 

6.4.3.2  Tests Peculiar to Integrating Rate Gyros of the Floated Gimbal, 
A-C Pickoff Type 

6.4.3.2.1 Gyro Transfer Function - See paragraph 6.3.5.2.2 

a. Record the average SG output voltage (-SG setting to + SG setting) 
in millivolts. 

b. Average the four cw-ccw dividing head angles (arc-minutes). 
c. Convert arc-minutes to milliradians by multiplying by 0.291. 
d. GTF (gyro transfer function) = SG output change/average input 

angle 

6.4.3.2.2 Null Repeatability - See Appendix G (page G-l) for sample and 
paragraph 6.3.5.2.4. 

a.  Summed draft spread = maximum East Null spread + maximum West 
Null spread 
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I). Compare th« test item's summed draft spread with its 
aped tic .it Ion, 

6.A.3.2.) Fixed Torque - See Appendix G (page G-2) for sample and paragraph 
6.3.5.2.5. 

a. Average dem ■ (torque) for each setting of the input axis 
(IA) ■ sum of each cw and ccw dem value/4 

b. Fixed Torque » K ■ IA East -f IA West in degrees/hour 

where: K (calibration constant) a 

ERU[Cos(local latitude!(2.063) in degrees/hour 
IA North - IA South 

ERU = Earth Rate Unit = 15.04 degrees/hour 

IA East = Average torque with input axis referenced East 

IA South ■ Average torque with input axis referenced South 

IA West = Average torque with input axis referenced West 

IA North = Average torque with input axis referenced North 

Compare computed draft with specifications. 

6.4.3.2.4 Elastic Restraint - See Appendix G (page G-3) for sample and 
paragraph 6.3.5.2.6. 

a. Positive torque in deg/hr = 2.063 I (I with positive 
gimbal rotation) 

b. Negative torque in deg/hr = 2.063 I  (Ic with negative 
gimbal rotation) 

c. Turning angle in milliradians = 

Positive gimbal rotation voltage - (negative gimbal rotation voltage) 
SG Sensitivity 

d. Elastic Restraint = 

Difference  in positive and negative deg/hr    Deg/hr per milliradian 
Turning angle  in Milliradians 

e. Compare  the  test  item's specification with  the calculated result. 

6.4.3.2.5 Unbalance,   Gimbal and Mass  -  See Appendix G (page G-4)   for  sample 
and paragraph 6.3.5.2.7. 
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a. Obtain torque (dem) for each orientation of the input axis (IA) 
by multiplying the individual I I values by 2.063. 

b. Obtain the  average torque for each orientation of the IA axis 
by dividing the summation of all the individual IA axis values by the number 
of values.  Observe the algebraic sign of the average torque. 

c. Obtain the following values: 

I) MUgi^ ■ mass unbalance of the spin reference axis 

= j-K IA dovny IA upj + (E sinX) degreeg per h our 

2) MUTA    ■    mass unbalance of input reference axis 

„    /IA West - IA Ea8t\     . . »    K    I y )    degrees per hour 

3) MIL,      =    rector sum of the  two components of mass unbalance 

^SRA    +    ^lA      de8/hr 

where:    E = ERU: Earth rate unit at the equation = 15.04 
degrees per hour 

X = local latitude 
K = Calibration constant: See paragraph 6.4.3.2.3 

6.4.3.2.6 Axis Alignment - See Appendix G (page G-3) for sample and paragraph 
6.3.5.2.8. 

Gyro axis misalignment = maximum output voltage x degrees per 
millivolt (for the test Item) In degrees 

-61- 



r -■ 

• V 

<Zi4 

* 

1 

1 

t 
5*hr 

BLANK PAGE 

■ 

. ^ 



Mil« r>-2-rt\f* 
29 .lammrv   \')<<H 

APPENDIX A 

INTRODUCTION   K) GYRMCOPES 

1. Ci: MKKAL 

A sLiuly o£ mlaille guidance Byatems employing gyrotcopea has been con- 
ducti'd to determine a aufflciency ol u-si requlrementa adequate In acope for an 
engineering evaluation proj'.ram of guidance system components in the category oi 
both high and low accuracy types. 

This pamphlet broadly defines evaluation requirements pertaining to a 
major inertial component, a gyroscope.  The stable platform assembly of a missile 
system employing purely inertial guidance is considered a high accuracy system 
and is that assembly which provides a stable reference in flight and can be  ' 
space stabilized either to space reference or to earth reference.  Platform 
stability is achieved by means of the gyroscope.  Generally speaking, a platform 
consists of three single degree of freedom, integrating type gyroscopes orthogonally 
mounted to sense movements in the three modes of roll, pitch, and yaw.  The 
sensed signals are routed in tiie form of error signals through a servo system to 
reposition the platform to its original position. 

2.       CHARACTERISTICS 

A few major characteristics which are contributing factors to the 
evaluation of a gyroscope are as follows: 

a. Variation in drift rate. 
b. Changes of transfer function of the gyro gimbal stabilization loops 

which could result in gimbal oscillations or in a time lag. 
c. Gimbal bearing friction and mass unbalance. 
d. Changes in electrical noise, especially the quadrature component. 

At this point in the introduction, it is appropriate to discuss a few 
basic principles related to the various types of gyros now being used in aircraft, 
missiles, and some types of ground equipment. 

The gyroscope basically is a sensor of angular position.  Its gyroscopic 
properties are based on Newton's law of motion and the conservation of momentum. 
The first law states that a body continues in a state of rest or of uniform motion 
in a straight line, unless it is compelled by an external force to change that 
original state.  The second law of interest here says that the momentum of a body 
in motion is the product of the body's mass (m) and its velocity (v).  Bear in 
mind that m is not weight (w), but weight divided by the anit of ■  arth's gravity 
(g); m = w •  There are two modes of momentum; linear and angular.  The mode 

K 
described by the second law is linear, usually symbolized by the letters HL,. 

However, since the gyroscope consists basically of a rotating wheel mounted 
within either two or three frames called gimbals, its usefulness in instrumentation 
is closely related to the above two basic laws, except that now the interest 
lies in H^ as a function of the wheel spin radius (r) which is angular momentum 

(HA). 
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A third gyroscopic characterlitic clusolv aHouclatud with and derived 
by reaaona ol   the  law "i  f.'iihi rv.u ion ol  angular tnomentuin i« preceaslon« 
PruceHslon muanii  thai   it   i lore«; couple la applied to a spimiiiiK WIK'OI about an 
ixis perpendicular  to  the wheel's spin axis  (SKA),   the  ivsultliiK rotation 
will   not   occur about   the axis oj   the applied   t'orci« couple;     Instead,   tha wheel 
will  preceaa or  rotate about  a third axis at   rlwlit angles botli to the axi.s of 
the applied   force couple called  the  <, 1A)  and   to the SKA.    This  third axis   Is 
called tlif preceaalon or output axis  (OA). 

i. TESTING METHODS 

The following general procedures are ivcommended to be used through- 
out   the  various  phases  of  testing. 

Where  at  all  possible,   test  personnel  should  adhere  to use of  specified. .. , 
Lest   facilities,   once   these have  proven effective   for specific   tests   through 
previous  use.     The  operator of   these   test   instruments  should  familiarize  himself 
thoroughly with  the use of  the  instruments  and adhere  to the manufacturer's 
operating   instructions. 

Follow  instruction manuals closely  regarding aspects of operational 
safety   to ensure  against high voltages,   burns,   shock,   etc. 

When in doubt, test personnel should consult references mentioned in 
these test procedures or consult supervi-or rather than risk ruining test data 
through misunderstanding or  lack of  instructions. 

Each gyro  tested under these  test  procedures  should have  a  log  folder. 
In this  log  folder should  be entered all  the  test history of the  individual 
gyro,   such as  the  total  number of starts on each  test,   potentiometer wiper sweeps 
per test,   running  time,   etc.     In addition,   the  log  folder should  include 
permanently entered   records,   raw data,   etc. 

4. ROTOR MEASUREMENT TECHNIQUES 

Gyro rotors generally  fall  into  three common categories;  d-c,   a-c 
single-phase,   and  a-c   three-phase. 

For a-c single-phase rotors, the values from the VTVM's may be taken 
as  read  because   they  are   rms  readings,   and   1 = £ and VA = E  I  as  for d-c.     However, 

R 
if  the  peak  to peak  recorder values  are used,   the equation I - E must be modified 

R 
to  I        = EP-P       and VA =  Ia R. 

rms      r-r 

For a-c  three-phase  rotors,   the values  from the VTVM's may be  taken as 
read  but  the  equation  for   I must be  changed   from I = E  to I = E\/T_,   and   the 

R R 
equation  for volt-amperes will be VA = E  I\rT,     However,   if  the  peak to peak values 
of  the  recorders  are  used,   the equation I =  E    must  be modified  to  I ■ E  p.py/y 

R R 2 \/r 
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iind  Üw iciii.it ion lor VA bfcunifs VA ■  I" iR. 1 nils 

5. DEFINITIONS 

A. I!II'.II\  ^r.ul);     Tlio distance  from  the canter ol   a circle  to  the 
periphery ot   that circle  is called  the  radius   (r).    A curved   length nr arc around 
the circle   (not  the chord)  which  is equal   in  length  to  the  radius  is  called  a 
radian.     This means  then  that  the   length of an arc expressed  in radians  is directly 
proportionate  to the angle  scribed  by  the  two  radii which contain  the arc.     Since 
a  full  circle contains  360° or 2-r radians,   the  following  relationship exists: 

360°    =    2TT radians  (rad),  or 

360 
1 rad =    -^—    =    57.296 degrees;  conversely 

^  TT 

1 deg = ~?- = O.OI7453 radians = 17.453 milliradians 

B. Pi    3 angular displacement, in rad 

C. u) -• angular velocity, in rad/sec:  The velocity V of a point 
moving along an arc 9 of a circle having a radius (r) is equal to the first 
derivative r d9 , in other words, the product of the radius (r) and the rate of 

dt 
velocity change dG of the angle 9 in rad/sec. d£ is the point's angular velocity 

dt dt d9 
about the center of the circle and is designated (i>; thus; ^ = -JT = v/r. (1) 

D. Angular Momentum (Hj;  If a mass (m) is assigned to that point 
referred to previously and is moving in the circle of radius (r), the instantaneous 
linear momentum H is equal to the product of the radius r and the point's 
instantaneous velocity (v), thus; H = vm.  From equation (1) v = uür, subst i'iCinv;  (2) 
this into equation (2), H " nuur.  By definition, angular momentum HA is tl.       (.3) 
product of linear momentum H and the radius r, it follows that; HA = mxi-*       (4) 

E. Polar Moment of Inevtia (J); Equation (4) contains the term mra 

which is an expression of inertia J of the mass m revolving about its axis in a 
circle of radius r.  Thus; J = mr2.  Equations (4) and (5) lead to a second        (5) 
expression for angular momentum, thus; H. = Jou. (6) 

F. Torque (K);  Newton's second fundamental law states that F (force) 
equals the product of acceleration (a) and mass (m), F = am.  For angular motion, 
a similar law exists with F replaced by K.  K is equal to the product of the 
moment of the polar inertia J of the mass about the axis of the applied torque, 
and the angular acceleration a.  Thus, K = Ja.  Now, since the angular acceleration (8) 
(a) is equal to the rate at which the angular velocity Uü changes, the following 
can be related: 

a = duj (9) 
dt 

If equation (8) is substituted into equation (9), K != J dt 

A-3 

M (IQ) 



MIT 5-2-514 
29 Janu.iry  1%H 

»quatlon  (10)  ofttn  is used  Eor  reptesfiitinK basic nynisc-Dplc aciiun. 

0«     Rata of Preceiaton  (gu  ): 

!^r I' 

i-U, Pj 

Figure A-l.     Angular Momentum 

OA 

Figure A-2.     Precession 

To  identify  the gyro spin wheel  properties,   let  the subscript s be 
affixed  to uo    and J.     Consider a gyro wheel  spinning about  its X-axis with an 
angular velocity m    ,   and having a polar moment of  inertia J  .     In accordance with 
equation  (6)   an angular momentum will be produced as H    = J ' uu ,   represented 

s p 
as 0 rl in Figure A-l. Now consider a torque K being applied about the wheel 
perpendicular to the spin reference axis X (SRA), that is, about the input axis 
(IA) (this would be the same as applying a force to push the spot on the SRA 
in Figure A-2 into the paper).   If this torque is maintained for a duration 
of time dt, an angular acceleration is produced about the wheel which after the 
time dt will cause the wheel to have a second angular momentum in a direction 
perpendicular to the original angular momentum.  This second angular momentum will 
have a value equal to Kdt and is represented in Figure 1 as 0 P2.  The vector 
magnitude of the two momentums is represented in Figure 1 by 0 P and the resultant 
direction is perpendicular both to the direction of the original angular 
momentum and to the applied torque.  It will be about the output axis (OA) as 
indicated in Figure A-2. 

This rotation about the OA is termed precession and it means that 
the two original forces, H  and K, have caused the SRA to take up a new position 

A 
3 

whicn is mutually perpendicular to both of the original forces; the angle through 
which it moved is represented by the angle 9, Figure A-l.  The rate at which 
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il   liinu'tl   La ilis inn.ilcil   j      (vi'luclly  ol   oiiipiii). 

For Infinitely small values ol d6 and dt, aa in closed servo loop 
rate Kyros, 01' in Figure A-1 may be substituted tor OP; then the following 
derives: 

.19 = ^ (1Uor 

s  s 

K = J Uü    -- 
s   s   d t ■ 1 1 a ) 

dfi ** ■  ii  equal   to tii  ,   the   rate  oi   precession or   rate  of   turn o!   the dt o r 

OA.     tu    can be evaluated   from equation  Ula)   by  solving   for d£    which   re Uices   to: 
dt 

dB K 
U)      or rf    =  

o dt J uü ,... 
s  s (12) 

From the preceding, it is seen that there are in the study and practice of 
gyration, three mutually perpendicular axes concerned and three velocities. 
Number 1 (uu ) = velocity of spin rotor, Number 2 (Q) = velocity of input torque 
about IA, and Number 3 (ua ) velocity of precession axis or OA. 

H. Direction of Precession: A gyro has three axes mutually perpendicular 
to each other; the spin axis, the output axis, and the sensitive or input axis. 
By using the right hand rule and pointing the right index finger along the spin 
axis, the thumb will be parallel to the input axis, and the middle finger will 
be parallel to the output or precession axis, when the middle finger is bent 
inward at 90 degrees from the index fingur, as shown in Figure A-3. 

I. Transfer Function:  The definition of transfer function as treated 
1,11  -■    -     — 

in this pamphlet is intended to embrace aspects of gain, phase shift, lag, and 
wave form of a gyro's output signal as compared to the amplitude, phase and wave- 
form of the mechanical input.  Included in test data analysis and reduction are 
such gyro characteristics as frequency response, damping, striction, hysteresis, 
temperature effects and many other contributing factors. 

J. Damping: A means of accomplishing damping is built into most gyros 
to improve stability and to prevent over shooting and hunting. A moving system 
can be either over-or under-damped.  The amount of damping is expressed in terms 
of percent of critical, which is unity (1).  The percent critical usually is 
referred to as the damping factor or damping coefficient denoted by the symbol 
"C", or sometimes by the symbol \  (labmda). 

K.  Gimbal Limit Stops:  To prevent gimbal lock, excessive and unnecessary 
stresses, and possible strains within the gyro mechanisms, mechanical stops 
generally are provided to limit physically the gyro gimbal rotational capabilities. 
If the gyro has more than one degree of freedom, one of the gimbals may or 
may not be limited in its rotational freedom.  Detailed methods will be discussed 
in subsequent paragraphs. 
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li-nninil   End 

Input  Axis  Index 

Input Notch 
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Positive Angular Momentum 

Positive Input Rate 

Figure A-3.  Gyro Axes and Phasing 

A-6 



MTP 5-2-514 
29 January 1968 

L.  Torque Generators:  Torque generators (sometimes referred to as 
torque motors) are always used to turn the gyro's gimbals or gimbal, depending 
upon the degrees of freedom of the specific gyro.  The application of torque 
generators varies widely.  In some applications, the torque generator is used 
to preset the gyro gimbal to a prescribed attitude.  In other applications, 
especially in closed servo-loop rate gyros, it is used to restore the gimbal 
to a neutral or null position.  It is more expedient to treat of torques in 
subsequent pages in this pamphlet when discussing types of gyros which use them. 

M.  Caging and Uncaging Time:  Caging time requirements usually specify 
that the cage-uncage mechanism must be capable of uncaging the gyro gimbals 
within a certain time limit.  Another requirement is that the mechanism must 
be capable of effecting caging within a certain period of time regardless of the 
position the gimbals may occupy when the caging signal is initiated. 
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APPENDIX B 

I'WO DEGREE OF FREEDOM GYROS 

Two degrees of freedom means the number of mutually perpendicular 
planes in which the rotor axis is free to turn with respect to a base, 
or the number of free gimbals within the gyro case.  Three types of gyros 
considered within this category are (1) the vertical gyro, usually a pitch 
attitude gyro, which will also sense roll motion, (2) the directional 
gyro, generalLy a yaw gyro, which also senses a pitch motion, and (3) the 
displacement gyro, sometimes called an amount gyro.  All of the gyros may 
have incorporated within their design provisions for presetting or erection 
to a reference before flight.  These gyros generally will be found to have 
a signal pickoff on each of the two gimbals.  These pickoffs may be of 
the potentiometer type for a-c or d-c, or a synchro a-c pickoff.  Test 
procedures for all two degree of freedom gyros are basically the same. 
The main difference is in the orientation of the SRA during tests, since 
the SRA of a vertical gyro is vertical, whereas the SRA of a directional 
gyro generally is parallel with the longitudinal axis of the aircraft or 
missile, although it is sometimes athwartship.  In this pamphlet, test procedures 
applicable to two types of free gyros will be discussed.  These two detailed 
procedures will be general enough, yet sufficiently detailed, to serve as guide 
lines in testing any type of free gyro.  The two types discussed will be (1) 
a directional gyro with the SRA mounted athwartship with an a-c synchro type 
pickoff, sensitive to roll and yaw motions, and (2) an amount gyro with a 
d-c potentiometer type pickoff.  The SRA of this gyro normally is mounted 
athwartship to maintain a belly-down-no-roll attitude.  The gyro is cageable, 
and is capable of being preset to desired attitudes.  Tests peculiar to the 
a-c directional gyro will be discussed first. 
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APPENDIX C 

RATE OR SINGLE DEGREE OF FREEDOM GYRO 

As in the case of the free gyro, the types of rate gyros are 
numerous and varied.  A detailed discussion of this wide field is beyond 
the scope of this pamphlet.  It is appropriate here to discuss the basic 
principle of these instruments and their application in the area of aircraft 
and missile guidance in general, then to discuss detailed test procedures 
on two of the types in most common use at the present time. These two 
detailed procedures should be wide enough and sufficiently detailed to 
serve as guide lines in testing any type of rate gyros. 

The two types which this paper discusses are; 1, the common 
type rate gyro whose output signal is proportional to the rate of turn of 
a moving craft which in turn would exert a torque about a gyro's input axis 
if the gyro were properly affixed to that craft.  The gyro's output signal 
would be a rate of turn signal.  2, the integrating rate gyro whose response 
would be the same as the common rate gyro with the exception of the 
introduction of a time factor feature.  The output signal would then be the 
integration of rate; hence, angular displacement. 

Definition 7 of the Glossary discusses the precessional rate of 
the gyro at some length.  That discussion will now be expanded as it applies 
to the gyroscopic action of a rate gyro.  Consider the drawing in Figure C-l 
of a single degree of freedom gyro and observe how it can be developed into 
a rate of turn measuring device. 

Gimbal 

OA Z -t-h 

Figure C-l. Development of Rate Gyro 
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Figure C-l depicts a typical single degree of freedom gyro.  If the frame 
were rotated V-Y. (input axis IA) in the direction shown, a force F1 would 
be caused co act on the spin axis X - X. in the direction of the arrow F1. 
This force F would cause the gyroscopic action of precession to follow. 
However, in accordance with definition 7 of Appendix A, the precession 
would be about the axis Z - Z. (the output axis, OA) in the direction shown 
by arrow F .  This means that the spin rotor and the gimbal would move 
upward from the point X.  If the frame rotation about the Y - Y1 (IA) axis 
were continued and if there were no restraining forces about the Z  -  Z, 
axis, the gimbal would contine to precess or rotate about the Z - Z1 axis 
until the X - X. axis and the Y - Y, axis coincided.  At this time, precession 
would cease because the spin rotor axis (SRA) and the input axis (IA) would 
be parallel and both rotating in the same direction.  This is one instance of 
"gimbal lock".  As discussed in the background (see Figure A-l of Appendix A), 
the torque K which produced precession about the Z - Z. axis is directly 
proportional to the velocity of the spin rotor (uu ), trie moment of inertia of 
the spin rotor (J ), and the angular velocity of the input motion of the frame 
about the Y - Y. axis.  This input angular velocity will be designated Q,  The 
above statement may be expressed: 

K = J u) Q, = H.n (1) 
s s     A 

By the same reasoning if a torque (K) were applied about the Z - Z1 

axis in the direction of ou of Figure C-l. it would tend to cause the frame 
to precess about the axis Y - Y. as the expression: 

Q = 
J «» (2) s s 

Equation (1) (K = J ou Q) leads to a widely used application of the 
single degree of freedom gyroscope, because as has been shown in Definition 6 
of Appendix A for a given angular mementum -(J ou ), the torque (K) is directly 
proportioned to an input rate (Q) .     Also, from a study of spring characteristics, 
it is known that they have a spring rate which can be resolved into terms of 
torque.  Fot the discussion to follow designate this spring rate as (K ). 

s 

Referring to Figure C-l, if two springs such as S, and S» are 
attached between the gyro gimbal and the frame, it can be seen that any input 
angular velocity Q applied about the IA will develop a precessional torque K 
about the gimbal OA.  It follows that gimbal rotation will cease the instant 
K becomes balanced byK ; i.e., K= K .  Then, according to equation (1) 
K = J U) Q. s s (3) 
s   s s 

As long as the spring is within its stress limits, it is assumed 
to be linear with respect to the angular deflection of the gimbal. Hence, a 
calibrated scale attached to the gyro frame and a pointer attached to the gyro 
gimbal provides a direct means of measuring the input rate Q.  The assembly 
now becomes a rate gyro.  Figure C-l also shows a dashpot type means of 
damping (D).  The purpose of D is to prevent over shoots and small oscillations 
and make for stability of the assembly. 
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The simple scale and pointer shown in Figure C-J may be replaced by 
an electrical pickoff such as a potentiometer, synchro, etc.  In this manner 
the rate gyro is readily adaptable in aircraft, missile guidance control, 
and autopilot systems. 
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APPENDIX I) 

FREQUENCY RESPONSE CHARACTERISTICS AND TEST EQUIPMENT 

Two mechanical characteristics which largely contribute to defining 
a frequency response curve arc the natural frequency of the gyro and its 
degree of critical damping. 

In all gyros, during the irequency response tests the input rate 
to the gyro should be maintained in degrees per second at about 1/3 of 
the gyro's full r; ige. 

At the present state-of-the-art oscillatory rate simulators which 
provide the type of velocity required for conducting a frequency response 
test and upon which the gyro is to be mounted are limited to about 15 degrees 
ler second when operated at a low frequency of near 0.3 cycle per second (cps). 
Since the simulator provides a sinusoidal type velocity input to the gyro 1A, 
tl is input must be ascertained accurately.  To obtain a frequency response test 
of a rate gyro it is necessary that the sinusoidal input rate from the 
simulator to the gyro be kept at a constant value (1/3 of full range) while the 
frequency is varied.  This means that as the operating frequency of the 
simulator is increased, the displacement must be decreased correspondingly 
simultaneously.  There are many types of oscillatory rate simulating tables 
today and most of them are comparable in action.  For convenience in discussing 
this typical procedure, assume that a Micro-Gee Model 10-C Simulator is used. 

The peak to peak displacement of this particular simulator in 
degrees can be monitored by connecting a calibrated recorder or calibrated 
cathode, ray osiclloscope into banana jacks (recorder position and ground 
negative) on the simulator amplifier. This displacement and voltage can be 
reduced to RMS velocity if desired, by referring to the voltage versus 
frequency calibration chart usually supplied with the equipment. 

The frequency bands of interest in most present investigations are 
as follows: 

a. 0.3 cps to 25 cps for gyros ± 45 degrees per second range 

b. 0.3 cps to 35 cps for gyros ± 100 degrees per second range 

c. 0.3 cps to 45 cps for gyros ± 770 degrees per second range 

In this hypothetical case the 45 degrees per second gyro is being 
discussed. 

Ca'-e must be taken to pass quickly through any resonating frequencies 
of the simulator table.  In the Mod. 10-C simulator, one occurs at about 14.5 
cps, and another appears to be around 25 cps. 
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APPENDIX E 

INTEGRATING RATE GYROS OF THE FLOATED GIMBAL, A-C PICKOFF TYPE 

A.        In contrast to a rate gyro which measures the input rate by 
comparing the output torque against a calibrated spring, the output 
torques of an integrating rate gyro are time integrated into gimbal 
displacements by means of a viscous fluid.  The output gimbal of this 
type of gyro is centered by means of pivots and jeweled bearings 
positioned between the gimbal and the gyro case. The configuration of the 
gimbal generally is in the shape of a cylinder, inside of which is placed 
the r,yro wheel.  In addition to the aforementioned jewels and pivots, the 
gimbal cylinder is floated in a viscous fluid sometimes referred to as the 
damping (D). (D) and the coefficient of damping (C) are two distinct factors. 
This will be explained later in the discussion. The point to stress at this 
time is that it is the(C)of the damping fluid which introduces the time 
element into the intefrating process. 

B.      Measurement of the gimbal displacement of the gyro under 
discussion is accomplished by an a-c pickoff or signal generator (microsyn), 
the rotor and stator of which are affixed to the gimbal and the gyro case, 
respectively.  In addition to the microsyn just memtioned, a second 
microsyn is mounted similarly to receive electrical command signals to turn 
the gimbal electrically. This microsyn generally is referred to as the 
torque generator. When the gyro is operating in a closed servo-loop mode the 
two generators act to keep the gyro gimbal and rotor wheel constantly 
positioned to an original reference. Figure E-l serves to indicate roughly 
the action-reaction arrangement of an integrating rate gyro. 

T.G. 

where: 

H = gyroscopic element 
TG = torque generator 
D = viscous damper 

SG = signal generator 

Figure E-l.  Integrating Rate Gyro 
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C.       Three additional attributes peculiar to this type of gyro justify 
comment at this time. 

Comment No. L.  The flotation fluid used as the damping medium may 
solidify or become mushy at normal room temperature.  Therefore, a pitfall to 
avoiil in handling these instruments is never to subject them to rough 
handling or sudden, quick movements or vibrations while at this temperature, 
to do so may shear off the small and delicate internal cabling.  There is 
a danger too, that the pivots and jewel bearings may be cracked, blunted, 
bent, or otherwise damaged.  Because of the fact stated above these gyros 
are equipped with a means of maintaining a controlled temperature in the 
region of 190 degrees Fahrenheit when in use. 

Comment No. 2.  A short discussion on an integrating rate gyro 
transfer function follows: 

Transfer Function (Integrating Rate Gyros). Rate gyro transfer 
function is defined as the ratio of signal generator output voltage to 
gyro input angle about the input axis.  It is an overall measure of gimbal 
transfer functions and pickoff sensitivity. 

Ideally gimbal motion follows the equatlcu derived from equating 
precessional torque to the restraining torque: 

d2e      de K=H.  Q=J      o,_  lo     , _ A       S —T + c - JT" * F dt      dt      T'g (1) 

where; 

A = angular momentum of the gyro wheel 
J = polar moment of inertia of the gimbal assembly 
8  about the OA 

C = damping coefficient of the flotation fluid 
S = displacement angle of the gimbal about the output 

axis OA 
F = gimbal friction 

Q    = input angular velocity about the IA 
91 = input angular displacement about the IA 

Consider a case (like the gyro under discussion) where the gimbal 
friction is much less than the precessional torque, and the viscous damping 
factor is such that any transient term dies out rapidly. Then equation 
(1) reduces to: 

HA Q  = C de A        o 

if n = doi 
dt~ 

dt 

then by substitution it follows; 
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HA ^i 
dt 

C dB 
 c 
dt 

(2) 

where: 

e 
■r— is defined as gimbal transfer function 
ei 

To obtain overall gyro transfer function this last term should be multi- 
plied by the pickoff scale factor (SF) which generally is given as output 
volts (E ) per unit of angular displacement of the OA.  SF = E /9 .  Thus, 
for an integrating rate gyro employing viscous transfer and damping means: 

9o    (SF)    =    HA    (SF) 

o o 
-    x    r    = 
i o 

H 
A (SF)    which reduces to 

C 

Eo "A    (SF) 
(3) 

Equation (3)   is  the transfer function of an integrating rate  gyro.     If 
H.   can be held within close  tolerances by regulating the  speed of  the 
gyro rotor closely,   (SF being a constant),   the damping coefficient  (C)  can 
be varied to obtain the desired  transfer function.    C,   the viscous damping 
factor,  varies  inversely with  temperature;   therefore,   adjustment of gyro 
temperature will produce the desired transfer function.     The temperature of 
the viscous  fluid can be controlled as  stated in comment No.   1, 

Comment No.  3.    Gyros  of  the  type under discussion are of high 
precision and correspondingly high cost,   ranging in price  from 5000 to 8000 
dollars.    Thus,   it is required that laboratories where  these gyros are to be 
tested are adequately equipped with high  accuracy,  precision test  equipment 
and that test personnel are of high calibre and well-trained. 

Concerning the high precision mentioned,   some of  the  typical 
required characteristics are as outlined below: 

Drift Rates 

Fixed or reaction  torque 
Mass unbalance  (acceleration sensitive) 
Anisoelastic  (acceleration sensitive) 
Random (repeatability) 

2 deg/hour 
2 deg/hour/g      „ 
0.02 deg/hour/g 
0.05 deg/hour 

rms 
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D. Sinco   this   type of gyro   is  of hi^h  accuracy and  since  control 
of   temperature   is   of  utmost   import, a nci.',    it   becomes   necessary   to  construct 
,111 accurately  machined  holding  fixture   including a  temperature   insulating 
feature   to   prevent   dissipating heat   from  the  gyro case  by conduction.     The 
gyro  should   be  mounted   in  this   fixture   Cor all   tests.     Refer  to  Figure  E-2 
which  depicts   m   internal  wiring  schematic   for  a  typical   integrating  rate 
gyro,   as  well   as   typical   laboratory  electronics  required  to  test  a  gyro of 
this  type. 

In   all   tests,   it   is  required   that   the  gyro be  connected   to suitable 
external  electronic   control  and monitoring circuitry.     An attempt   to  describe 
the  necessary external  electronics   in   this  pamphlet   is not   feasible  since   the 
requirements   are wide   and varied.     However,   reference   to  the  schematic  of 
Figure  F.-2   and  prior  remarks  concerning  temperature discloses   that  a means  of 
monitoring  and  controlling  the   gyro  temperature   is  required   in  the  external 
electronics.     It   is  presumed   that   any   laboratory where   tests  of   this   type  gyro 
are   to  be  conducted will  have   the   necessary  test  equipment   such  as   is   indicated 
in  Figure   E-2.     Figure  E-2 describes   an  open  servo  loop circuitry which   is 
required   for   some   types  of  tests.     Other   tests   require   that   the   servo   loop be 
closed.      This  may  be  accomplished  by modifying  Figure E-2   to   include  an ampli- 
fier and  phase   sensitive demodulator  connected  between  the   secondary of  the 
gyro SG  output   and   the  control   field  coil  of  the  gyro TG.     An adequate modi- 
fication   to   the   circuitry of Figure  E-2   is  diagramed  in Figure  E-3. 

E. The  useful  guidance  signals   from an integrating rate  gyro  (TRG) 
are  derived   from  the  SG output voltages   and   input  currents   to  the  TG.     There 
are primary  and  secondary windings   in each of these generators  and to obtain 
any  flux   linkages  that  result  in calibrated signals  (scale  factors),   the 
primary windings  of each generator must  be excited with a nonvariable current. 
Accordingly,   for clarity in citing examples,  assume that  the primary of  the 
SG will  be  excited with 50 milliamps  alternating current and  that  the primary 
coil   (pattern  field)   of the TG will be excited with  10 milliamps  of direct 
current. 

Further assume  that  the milliamp product of the current   in the TG 
pattern  field  (Ip)  and the current  in the TG control  field  (I  )   is directly 
equal  to TG   torque expressed  in dyne centimeters  (dem).     This may  be written: 
dem = ma   .     Also  let  the assumed ratio of TG torque to SG voltage output  be 
established  as:     5 ma    to 1 mv respectively, when the SG sees  an  impedance 
of  100 K ohms.     In other words,   a 5-dcm torque  applied  to  the  gyro gimbal 
produces   I millivolt of SG output  across   100 K ohm resistance.     Such  a  relation- 
ship can be  arranged by adjusting the  servo loop amplifier gain,   and   is  called 
system calibration. 
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Padding Resistor 

Sensing 
Element 

Torque Gen 
Cntl Field 

Figure E-2. Transfer Function & Glmbal Freedom Tests 
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J.        Gim!>jl  Position 
_V        Control   Potentiometrr 

Servo Amp 
& Demodulator 

igure !:-3.  Changes to Figure E-2 to Incorporate Closed 
Loop Servo Operation & Drift Test 
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APPIiNDIX  F 

GIMBAL  FREKÜOM KAIL CAI.cri.AI IONS 

llif term VMA? dem may generate quest Ions  on  the  pari   oj   test 
personnel       fhe required   Lnpul   rate ol   glmbal   turn of   I" degrees per hour, 
can be  resolved  Into a  torque of  4,847 dem and   Is derived   in  the   following 
manner,   in which   it   is  shown  that   .1  torque   in dem can be   resolved  to a 
velocity  in degrees per hour when mnlLiplled by a conversion  factor of 
2.Obi.    Rsmemberlng the assumption that   the gyro wheel  angular momentum is 
I"    gin cm    per second  nnd  referring to the  glossary  the  following can  be 
related: 

K      -      torque   in dem 

5     2 
1!  =  angular momentum of wheel =  10  gin cm  per second (any 

assumed value of II. could be Laken) 
A 

2 
11, also = mr a , In which 
A s 

m  = mass of gyro wheel 

r  = radius of gyro wheel 

u)  = velocity of gyro wheel in radians per second 

(U  = rate of glmbal precession In degrees per hour 
0 2 

Now, I dyne = 1 gm cm per second , therefore, 1 dem = I ■ f > 
and from the law of precession UJ  = _ , therefore, 

0   "A 

.     2 1 gm cm 
o     sec-     .„-5 rad 

105gm cm2  ~  sec 
sec 

Note 

-5 2 The numerator 10  is dimensionless because H = mr 
u) , u) is dimensionless, being in radians per second. 
But since uu is in radians per second, L is also in 

s o radians per second and this must be converted into 
degrees per hour, thus; 

10  rad     57.3 deg 3600 sec xu)      =         x      —: 7°- x    —.—r  o                 sec                     1  rad 1 hr 

xu)      =     10'5 x 57.3 x 3600    =   2.063 deg/hr 

x      =     2.063/u)    or  1 =  2.063 o 
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LOCATING HAST 6. WEST NULL,  REFERENCE                                          | 

LOOKING  »OWN ON WORK                                                                  | 

DIRECTION EAST          NULL             SETTING WEST             NULL               SETTING     | 

CW 

CCW 

i       SUM 
!                i 

W.C.             MIN                   SEC DEG                  MIN                     SEC 

DEG             MIN                  SEC DEG                  MIN                     SEC 

DEC             MIN                  SEC 

DEG             MIN                  SEC 

DEG                  MIN                     SEC 

DEG                  MIN                     SEC 

ROTATION DRIFT  SPREAD REF.  TO NULL REFERENCE                                        | 
10P VIEW 

|       CW 

DRIFT  RATE   IN DEG/HR =   2.063   I2                                                             | 

AT EAST NULL |                           AT WEST NULL                    \ 

Deg/Hr Deg/Hr 

i       CCW Deg/Hr j                                                             Deg/Hr 

i    cw Deg/Hr j                                                             Deg/Hr 

1      CCW Deg/Hr (                                                          Deg/Hr 

1      CW Deg/Hr j                                                          Deg/Hr 

1      CCW Deg/Hr 1                                                          Deg/Hr 

1    cw Deg/Hr I                                                          Deg/Hr| 

j      CCW Deg/Hr J                                                             Deg/Hr 

1      MAXIMUM SPREAD                                      Deg/Hr 

DOES  SUMMED DRIFT  SPREAD EXCEED  SPECIF 

GYRO MOD.   NO.                                                      SEI 

Deg/Hr 

[CATION OF                               Deg/Hr 

I No.                                                                   I 

DJ VIE                                                   ROOM Tl 

OBSERVER 

:MP                                      DEG C            ! 

Data  Sheet   1,   Null Repeatability 
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DIVIDING HEAD REFERENCE   POSITIONS 

EAST DEC.              MIN. SEC 

SEC 

SOUTH                      DEG.             M1N.          SEC. 

WEST DEC. MIN. NORTH                        DEG MIN.           SKC. ; 

1 ; 

1    =                        MA. 
P 

DIR. 
1A EAST 1A SOUTH IA WEST LA  NORTH 

Cont.Coll dem ■ Cont.Coil dem  ■ Cont.Col 1 dem = ConL.   Coil dem = 
ROT. 

Current I     I 
P    c 

Current Vc Current I      I 
P     c 

Current I      I 
P    c 

CW 

CW 
i r 

CCW 

CCW 

SUM X ^^^^^ 

AVE. \y ' N / 
B  SUM 

4 X -•'              > y\ 
|                       FIXED                       1A EAST + 1A W 

THEN-     TORQUE    "  K                          2 
EST 

DEG/HR 

uiirnr         L-         ERU   f COS (LOCAL LATITUDE WHhRE.        K -     1A N0RTH  _   1A soirrH 
)U2.063) 

DEG/HR 

ERU =    EARTH RATE UNIT =   15.04    DEC/HOUR 

DOES DRIFT EXCEED SPECIFICATIONS?        pi YES      [-j N0 

GYRO MODEL NO.                           SERIAL NO. 

DATE                                      TEMPERATURE DEG.   C 

OBSERVER 

Data Sheet   2,   Fixed  Torque 
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•    GYRO  MOD.                                       SER.   NO.                                           DATE                                          i 

KOOM   I'EMP.                                     V EG,   C. )BSERVER                                                1 

j   ELASTIC  RESTRAINT                                                                                Data  Sheet  :3A                 ! 

|     PATTERN FIELD CUR =                                                                    MA(8) 

|                GIMBAL ROTATION CÜNT.   FL!)  I        '            DEG/tIR =   2.063  I2 

|                 STEP  1 
(a) POSITIVE =  +              MV. 

\                STEP 2 
(b) NEGATIVE =   -              MV. 

STEP   1   &  2 
(c) a-b                          100  MV. 

MA 

MA 

DEG/HR 

+                        DEG/HR           j 

DEG/HR 

(c)   DEG/IIRX5       =                  x5       nrr.IID   „                                     j 
EUSTIC   RESTRAINT =        (c)        MV.                           100              Uto/HR  Pfc.       Jaj                      | 

DOES DRIFT EXCEED SPECIFIED Deg/hr?  PER MR?             ~   YES          H   NO                     \ 
|                                                                      /Per MR                                                 "                                { 

AXIS ALIGNMENT 

SIGNAL GEN.   EXCITATION 

TURNTABLE VELOCITY 

'          MAX.   SIGNAL GEN.   OUTPUT 

VOLTAGE 

OP VOLTAGE  EXPRESSEU 

IN DEGREES  (OPX)   (0.01146)  = 

DATA SHEET 3B 

MA  (50) 

RPM                              ! 

MV. 

DEC                                j 

IS  SPECIFICATION EXCEEDED? (ZlYES    L3 NO . 

Data Sheet 3, Elastic Restraint 
and Ax ' 3 Alignment 
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GYRO MOD.   NO. 

ROOM TEMP. 

SERIAL MO. DATE 

DEC.   C, OUSKRVKR 

DIV.   HEAD       UP-NORTH 
NULL REF.         DEC  
From Fig.   8 

EAST 
DEC 

DOWN-SOUTH 
DEC       ' 

WEST 
DEC 

LOCAL LATITUDE ANGLE  (X) ",   SIN  LAT 

ERU 

0. SIN  \ 

15.04    DEG/HOUR;   K - 

TORQUE GENERATOR  PATTERN  FLD CURRENT ■  MA(8) 

Rotation 

LooV r ng 
Do 

CW 

CW 

ORIENTATION  OF  INPUT AXIS   (IA) 

UP 
Cont.Colli Torque Cont. 

EAST 

Cur.   (MA) (DCM) Coll 
Cur. (MAt) 

Torque 
(DCM) 

DOWN 
Torque 
(DCM) 

WEST 
Cont.        iTorque 
Coll 
Cur.(MA) 

(DCM) 

ccw 
ccw 

TORQUE SPREAD 

MAX.   TORQUE  SPREAD 

MU 

MU 

x  2.06 3 DEG/HR 

SRA =   fK  ( ^ )1  + (E  sin \) 

'IA K (    2  ) 

MUT      =\/MÜ2 \ß SA * »A 

DEG/HR 

DEG/HR 

DEG/HR 

DOES MU EXCEED  SPECIFICATION? □ YES 

□ NO 

E = ERU AT EQUATOR 

X =  LOCAL LATITUDE 

Data  Sheet  4,   Mass Unbalance 
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