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A Study on The Reliability Prediction Model of Gyroscope

S. H. Back, H. K. Mun, H. R. Kim

ABSTRACT

Gyroscope ( Aol Z AT ), Reliability Prediction Model (A13]/dell%2d), Performance Reliability
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The objective of this study is to develope the reliability prediction model for Float Rated Integrating
Gyroscope( : FRIG) at maximum loading.

The equation of motion for FRIG is firstly derived to set up the reliability prediction model. To analysis
reliability for all parts of the gyro is not easy due to their complicated structure. Therefore the failure parts are
chosen by Failure Mode Effective Analysis{ : FMEA). FEM is utilized to calculate loads for the selected
rotating assembly and pivot / jewel. The technical reliability is calculated by applying reliability design theory
with these results and the performance reliability is sought through distribution estimation with error test data.
The bulk reliability of gyroscope is sought by applying the two results. The present prediction results are

compared with the accumulation time in good agreement
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Table 1 Failure Mode Effective Analysis

Structures of Gyroscope
Section | Rotating| o . Pick-off
ssembly
" Rotml' . Pivot . Core
Components | Bearing .
. . Jewel Winding
. Disk
. Angular |. Axis . Qutput
Function |momentum| support sensing
Failure . Bearing |. Pivot
modes ~flaking | - Fracture {Winding
Cause; -pitting |, Unbalance short
. Overload |. Overload
. Global |. Global . Local
Effects . System |[. System | Qutput
stop stop error
Severity I I i
Table 2 Data of fault
Time(hr)| EA |Time(hr})| EA
20-30 1 |140-150| 2
30-40 3 [200-210) 1 |
50-60 5 (210-220( 1
80-90 2 1240-250| 2
100-110| 2 [260-270} 1
130-140| 1 [290-300) 1
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Table 3 Characteristics of

rotor-bearing

system
Content Characteristic
Section ontents value
Length 50 mm
Dlameter of shaft | 4.9, 5.9, 9.5 mm
Shaft Density 7.8 x10° g/ mm’®
Young' Module 204,080 MPa
Mass 46 g
moment
Polar mass momen 481.65 g / o’
Disk of inertia
Transverse mass 36.49 g/ 2
moment of inertia -49 &/ mm
Stiffness
es 1,136,792.54 g/mm
Bearing ( K,, K..)
Damping( C,,, Cs: ) 113,000 g /nm

Table 4 Bearing loads at 21000 rpm

Contents Z-X plane Y-X plane
Displacement 48%10 " "om 31% 10 *mo
Load 5.35 N/mm 3.35 N/om

Table 5 Stress of pivot

Input of Precession Stress
case accelation
8,
. 2.1  x10°pa)
(radssec) I ( x10* rads sec”)
22 3, 8500 2.3456
23 3.9667 2.4189
24 4,0833 2.4292
25 4,1927 2,5655

'!?.--nmpm.

N
y j

[

Fig. 1 Conflguration of FRIG




o R

bt § TR

L1 1
Tinethr)

(a) Results of Kolmogorov-Smirnov
test
. real
— Prediction

o= TR
Tanelher)

(b) Reliability function
Fig. 3 Rellability analysis of system

b | T RS TTTR T Tles
on

Fig. 4 Displacement of Y-X plane at

21000 rpm

TR TR TR ke
™

Fig. 5 Displacement of Z-X plane at
21000 rpm

(2

. ¥

LT
B B ()

Fig.6 Comparison between
strength and

stress
" .
N reccet remnety

bl v
;--
i P e —
- g

[ ;

. - LY 1y 1ha ) k3

Trathe>

Fig. 7 Verification of technical and
performance reliability
..... real
—— prediction

% 24 [’y £ £ £

Tinethr)

Fig.8 System reliability



