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ABSTRACT

A description of the Honeywell GG1111 Single-Degree-Of Freedom (SDF)
strapdown gyroscope alignment fixture and it's shortcomings are
presented. The requirements for a new all aluminum alignment fixture for
the Litton CSG-2 Two-Degree-Of-Freedom (TDF) strapdown gyroscope are
discussed. A description of the new alignment fixture package is

presented.

RESUME

Le systme d'alignement du gyroscope A composants li~s A un degr6 de
libert6 Honeywell GG1111 et ses inconvgnients sont d~crits. On discute de
la n~cessit6 d'un nouveau syst~me d'alignement tout aluminium pour le gyro-
scope A composants lies A deux degr~s de libert6 Litton CSG-2. On d~crit le
nouveau syst~me d'alignement.
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1.0 110NEYWELL GG1111 SINGLE-DEGREE-OF-FREEDOM STRAPDOWN GYROSCOPE

ALIGNMENT FIXTURE

1.0 For laboratory testing the Honeywell GGllll strapdown gyroscope
was mounted in a temperature controlled two element aluminum fixture
which permitted alignment of the gyroscope with the test table. The
upper element (gyroscope housing) allows rotation of the gyroscope) while
the lower element provides the temperature control and tip and tilt
adjustment (Fig. 1).

Three problems were encountered during alignment and testing of
the gyroscope. First, too coarse a rotation adjustment in the upper
element, second non-uniform temperature of gyroscope and poor temperature
control and last, coarse tip and tilt adjustment in the lower element.

1.1 COARSE ROTATION ADJUSTMENT

Rotation of the gyroscope is achieved by loosening four Allen
socket head screws on the front flange and manually rotating the
gyroscope (Fig. 2). Because of various factors, an optimum accuracy of
0.0051 of arc or 34 arc minutes is possible in a manual adjustment in
rotation. An accuracy of 20 to 30 arc seconds is desirable.

1.2 NON UNIFORM TEMPERATURE OF GYROSCOPE AND POOR TEMPERATURE CONTROL

The operating temperature of the Honeywell GG1111 gyroscope is
183OF (850C). This temperature is maintained by two heaters in the
lower element of the fixture. (Fig. 1). Only one half of the gyroscope
is encased in the upper element, leaving the other half exposed to the
environment. A large temperature gradient was suspected between the
encased and exposed ends of the gyroscope. Two thermistor sensors were
strategically positioned, one was glued to the exposed body of the
gyroscope near the leads, the other was glued to the fixture near the
temperature control sensor. A temperature gradient test was performed
with the fixture oriented in various positions. For each of the
positions the temperature was allowed to stabilize for one hour before a
re~ading was taken. An average 9 OC temperature gradient between the
encased and exposed ends of the gyroscope was observed. Poor temperature
control was achieved for two reasons; the control sensor was positioned
too far from the heaters causing an overshoot. And second, one half of
the gyroscope was exposed to the environment and should have been totally
encased in a foam covered aluminum block.



1.3 COARSE TIP AND TILT ADJUSTMENT

The tip and tilt adjustment permits alignment of the gyroscope
spin reference axis with the spin axis of the test table. This
adjustment is provided by three spring loaded 1/4-20 Allen socket head
bolts (Fig. 2). A 1/4-20 bolt has 20 threads per inch of length
providing a displacement of 0.050" for each full revolution. This coarse
adjustment makes the alignment of the gyroscope with the test table
difficult.

2.0 LITTON CSG-2 TWO-DEGREE-OF-FREEDOM STRAPDOWN GYROSCOPE ALIGNMENT
F IXTURE

For the laboratory testing of the Litton CSG-2 two-degree-of-
freedom strapdown gyroscope a precise alignment fixture with good
temperature control, stability and even heat distribution was required.
A new three element mechanical fixture was designed. The package

I consists of an all aluminum temperature controlled gyroscope fixture, a

rotation stage and a two axis tip and tilt positionner (Fig. 3).

3.0 ALUMINUM TEMPERATURE CONTROLLED GYROSCOPE FIXTURE

It was felt that the thermal gradients and temperature
instability in the gyroscope could be dramatically reduced by encasing
the gyroscope in a polyethylene foam covered aluminum block (DREO
drawings no. 3530, 3531, 3532, 3533). In order to provide a uniform
temperature distribution through the gyroscope, four evenly spaced 225
watt, 240 volt superwatt heaters were positioned around it's
circumference (Fig. 4). The four heaters were wired in parallel and
controlled with a 60 volt temperature controller providing 225 watts
total heating power. Good temperature control and stability was achieved
by positioning the temperature control sensor near a heater (Fig. 3),

* isolating the gyroscope fixture from the remainder of the package with
quartz washers and 1/4" thick polyethylene foam padding, and covering the

4fixutre with a 1/2" of polyethylene foam.

3.1 ROTATION STAGE

For the rotation of the gyroscope (alignment of the Y input axis

, west) an Opticon type TR-80 rotation stage 75 MM. Dia. X 35 MM. high

complete with locking fine adjustment with an accuracy of I arc second
and a sensitivity of 3 arc seconds was purchased (Fig. 5).

L - A....* * .*
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3.2 TrWO AXIS TIP AND TILT POSITIONER

For the levelling of the gyroscope (alignment with the test
table) a PI model P-044 two axis tip and tilt positioner with a working
surface of 100 MM. X 100 MM. and a tilt range of + 100 was purchased
(Fig. 6). The tip and tilt action of the gyroscope controlled by two
micrometers each linked to the moveable tip and tilt positioning elements
using spring coupling (Fig. 4). Because the combined weight of the
rotation stage, the gyrosccre and it's fixture compressed the original
springs, a new more rigid set was installed.

4.0 ASSEMBLY OF THE GYROSCOPE ALIGNMENT FIXTURE PACKAGE

The PI two axis tip and tilt positioner was fastened to the
three sided fixture with two 10-32 fillister socket head screws (Fig.
7). The rotation stage was positioned on the two axis tip and tilt
positioner and held in place with four hold down clamps (Fig. 7). In
order to mate the gyroscope fixture to the rotation stage, a stainlness
steel spacer adapter plate was machined (Fig. 8). The plate was fastened
to the rotation stage with four 10-32 stainless steel flat head screws.
The gyroscope fixture was then fastened to the spacer adapter plate with
three stainless steel binding head screws with quartz spacer washers and
1/4" thick polyethylene foam padding. The quartz washers and the 1/4"
foam padding reduce the heat transfer from the gyroscope fixture to the
remainder of the package. The gyroscope fixture was covered with 1/2"
polyethylene foam. The assembled alignment fixture package on the test
table is shown in (Fig. 9).

5.0 TEMPERATURE GRADIENT TEST

A temperature gradient test was performed, the temperature of
the CSG-2 gyroscope was monitored at the top center, belly band and
bottom center. The temperatures were monitored during warm-up and until
ani operating temperature of 70.30C was obtained. Temperatures observed
after stabilization were top center 70.60C, belly band 70.30C and
bottom center 70.00C. The temperature gradient from the bottom center
to the top center of the gyroscope is 0.60C. Temperature stability at
the belly band 70.3+ 0.050C.

6.0 CONCLUSIONS

The requirements of a precise alignment fixture with good
temperature control, stability and even heat distribution were met with
the new fixture design. The temperature gradient through the gyroscope
was reduced to 0.60C from 90C with the old fixture design. A
temperature stability of + 0.050C of set temperature was achieved.

%
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THREE SIDED
FIXTURE

HEATER PORT &
F. -OROL SENSOR PORT

GYROSCOPE FIXTURIE

t11 TATIO

TWO AXIS TIPAND
TILT POSITIONER

Fig. No. 3. Two-Degree-Of-Freedom Strapdown

Gyroscope Alignment Fixture Package
Mounted On A Three Side Fixture
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rotation stages type TR
0 - origin of the vernier 50 '
(reading 1/60)

VIEW FROM
BOTTOM FACE

4 tapped noles
oV. (ISO) (DP

B

K

Neck 1T mounting o 0 N
BR bridle oil

0 G

* 0A

A B C D E G I J K N P 0 S T

TR46 46 28 30 2 213 21 18 2 5 43 38 4 17.5 30
TR 80 80 35 58 3 26.2 45 40 2 6 75 68 4.5 21.5 50
TR 80S 80 18 58 2 13.5 55 50 25 3 75 68 - 16.8 38
TR 120 120 42 84 3 32.5 70 64 3 8 114 105 5 26.5 62
TR 160 160 60 120 4 46.3 100 90 3 10 150 140 6.7 40.5 84

Fig. No. 5. Rotation Stages Type TR
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Tip and tilt positioners

These positioners allow the mounted components
to be inclined by an adjusted amount within the
range - 100. Pi tip and tilt positioners are available
in the standard sizes 60 x 60 mm and 100 x 100 mm
and any other sizes and allow tip/tilt. The tip and tilt
motions are adjusted, the amount of angles mea-
sured by micrometers. The micrometers are each
linked to the moveable tip and tilt positioning ele-
ments by using spring coupling. The axes of the tip
and tilt positioners rest on ball bearings.
P-041 (Fig. 84 B) - Tilt positloner on one axis, base

area and working surface 60 x 60 mm, tilt range
100

P-042 (Fig. 84 C) - Tip and tilt positioner on two
axes, size and tip and tilt range as in P-041

P-043 (Figs. 84 D, E) - Tilt positlioner on one axis,
base area and working surface 100 x 100 mm, tilt
range ± 100

P-044 (Figs. 84 F, G) - Tip and tilt positioner on two
axes, size and tip and tilt range as in P-043

44

P-044

Fig. No. 6. Tip and Tilt Positioners

I
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THREE SIDEDi FIXTURE

SPACER ADAPTER
PLATE

HOLD DOWN
CLAMPS

10-32 FILLISTER
SOCKET HEAD SCREW

Fig. No. 7 Two-Degree-Of-Freedom Strapdown
Gyroscope Alignment Fixture Package
Mounted On A Three Sided Fixture
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COUNTERSINK FOR 8-32 4 EVENLY SPACED
FLAT HEAD SCREW 0.180" DIA. HOLES

ON 2.69" DIA.

4 3EVENLY SPACED
ON 1.00" DIA. DRILL
AND TAP FOR 10-32SCREW

0.250"

3.125" DIA.

I

QUANTITY: 1
MATERIAL: STAINLESS STEEL

I

bi Fig. No. 8 Spacer Adapter Plate

0,

6
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Fig. No. 9 Two-Degri-C-Of-Frecdom Gyroscope
Al ignment Fixture~ Package Mounted
On Test Table
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