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A Study on the Fabrication and Analysis of Mechanical Parts of
a Dynamically Tuned Gyroscope
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ABSTRACT

Strapdown inertial navigation system(SDINS) is a navigational instrument necessary to guide and control a free vehicle.
Dynamically Tuned Gyroscope(DTG) which is widely applied to SDINS covers a wide dynamic range and is simple and
small. In this study, the analysis of mechanical parts or semsor parts and research of balancing is performed for
manufacturing a DTG. In error analysis the criterion considered during designing and manufacturing is established by
quantitatively analyzing the effect of DTG performance by tolerance. And the theory of dynamic balancing is derived and
unbalance is reduced through experiment. And the stiffness of flexure is verified by tuning experiment.
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Fig. 2.1 Configuration of DTG
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Fig. 2.2 Rotor and suspension system
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Fig. 4.1 Part number of rotor assembly



Table 4.1 The change of mass center by tolerance

Change of ,Change of mass

Part No. mass( X 10°kg) | center(x 10°m)
1 0.00502 -0.000850
o 003980 1 0009655 |
3 -0.06835 0.007726 |
4 000142 0008719 .
s __099592,.,,
6

"~ 0000303 |

-0 000125

007123 | _ 0020107

Table 4.2 The change of mass moment of inertia by tolerance

AL AL Al
Part No. o 2 o 2 g, 2
(x 10°kgm®) | (x 10 kgm") | (X107 kgm’)
1 09049 | 09049 14531
7 q0RIE T A08ZE T A58
3 _ 17980 | -3.0688
0.3239

T90700 |
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Table 4.3 The change of mass moment of inertia by tolerance

Tolerance | L«(* 10°kgm?) I(% 10°kgm®)
Variable B

(X10°m) | fpertia Error(%)

R 005150065 515

T 0.00075 114.3129] 001 |23.0175] 001

| a 0005 [14.2922] 0.16 [229828] 0.16 |

d | 00005 [143134] 001 [230i76] 001

| 005 [142612] 037 12201351 046

Table 4.4 The change of tuning frequency by change of mass

moinent of
X Tolerance Tuning
Variable (x 10'3m) frequency(rpm) Error(%)
h 00s 1%, 196
r 0.00075 12001.36 001 |
a_| 0005 | 1200848 | 007 |
d 0.0005 | 1200030
Lt 0.05 12000.64
H 0.03 _HUmist o Bay
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Table 4.5 Tolerance of flexure () : X 10m)
Xz Xz2 Y2 Y22
case
X1 Xi2 Y Yi2
1 0 -5 0 0
2 5 | 5 0 0
3 0 0 0 S
4 0 0 5 5
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Table 4.6 Maximum change of stiffness of load casel

case | Stiffness(Nm/rad) Error(%)
| 1 0.008813 -0.518
2 0008813 | 0518 |
| 3] 0008420 | 4953 |
4 0.008906 | 0529
Table 4.7 Maximum change of stiffness of load case2
case | Stiffness(Nm/rad)
| 1} 0008422
2| 0008906 |
3 | 0008858
4 0.008858
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Table 4.8 The change of tuning frequency of load casel

Tuning

case frequency(rpm) Error(%)
1 119688 -0.260
2 11968.8 -0.260
3 116989 -2.509 |
4 12031.8 0.265

Table 4.9 The change of tuning frequency of load case2

Tuning

case frequency(tpm) Error(%)
1 11700.3 -2.498
2 12031.8 0265
3 119994 0005
[ 4 11999.4 0,005
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(b)
Fig. 5.1 The shape of suspension

Table 5.1 Experimetal data of tuning frequency

Shape (a) | Shape (b)

Suspension 1 | 4321 Hz | 37.58 Hz
Suspension 2 | 43.54 Hz 37.38 Hz
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Table 5.2 Experimental data of stiffness (¢S] Nmy/rad)

K. K,
Suspension 1 | 0.004735 0.004373
Suspension 2 | 0.004807 | 0.004327

Table 5.3 Experimetal data of tuning frequency

Tuning
frequency(rpm) Error(%)
Suspension_1 121675 | 1.396
Suspension 2 12184.9 1.540
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Table 5.4 Result of balancing

KNOWN UNBALANCE
LEFT RIGHT
MASS[ANGLE MASS|ANGLE [MASS|ANGLE | MASS| ANGLE|
(mg) | (deg) | (mg) | (deg) | mg) | (deg) | (mg) | (dep)
1]147] 180 [210 ] 90 |t1221| s3 [1070] 168
2| 1200 53 [1070| 168 | 920 | 231 |eas |
(3|12 281 [ea1 [ 28 [s75| 13 @92 256 |
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