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Design of Spatial Eight-Point Vibration
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Abstract: In order to study the mechanical properties and role in restraining vibration coupling of spatial
eight-point vibration reduction IMU in strapdown inertial navigation system (SINS), this paper makes a
comprehensive theoretical verification on the stiffness of the IMU, line angle frequency of shock absorber
and damping performance using NX and ANSYS. At the same time, the leveling principle of the balancer
is deduced. The elastic center coincides the center of mass through leveling, and then the vibration test of
SINS is carried out to observe its damping performance and the angular velocity output of the three gy-
roscopes. Through theoretical analysis, the results show that the IMU mode is 875. 7Hz, showing
its high stiffness. The linear angular frequency difference of the shock absorber is more than
50Hz, showing its high dispersion. The experimental results show that the damping efficiency is
not lower than 42% with IMU combined leveling less than 0. lmm, and the angular velocity out-
puts of three gyroscopes are not more than 11(°)/s. The IMU has good mechanical environments
adaptability and extremely high angular velocity output characteristics.
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Fig. 1 Common vibration reduction layouts
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Fig. 3 Random vibration input condition
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Fig. 5 Gyroscope response curves

2 IMUAERDIFE

VAR L PE B 0 5 R G T A A 2
SERGALRN G hE L0 IR 3 2 1 & AR
S A O A O T LB Gy i 2 1 2
HEA R BE B U M vk 7 . R A B R A
SR e PR b AT DALk f AR A R L
B PO AR VU 445 4 X 6 /1N 1 5 B 3 o
5 0 AR T 3K B WA X T S R R R
B TR L MR P P 2P AL S R
I 7 2 5 0 B 2R 6 O T 467 AR B i
O B F = A 1 R RS R
2.1 RERFHIEFENE

R A L% A - 7 5k 10 K R S it
HHE 5 AT A (G 4 97 00 0 AL 2
MU 445 38 3o P48 T 26 B 3k L T3 5 ko



122 U A 5 2022 4F 9 i
S TR ORIE LR T W 6 BT AT UL RS S ) A7 A — R D 22
LS

Eo IMUASRETEE
Fig. 6 IMU installation diagram

BB - BIL IO BERG vh 0 o B LS R G 5
DN oy &, ZHBE BN e PRV T 47 76 16 5 1
Tt FEAFH SR Ty IR KGE - T3 K
IMU 41 & 41 B - 28 558 25 1] — M) 58 3ok 78 K
By — MR M, WEE, P RESRE
A B ZE KA A T A At (2)

T, =T,+T, (2)

A, T, =M,e .M, ¥ IMUAGHFERE;T, =
MR ,R AECHE R 0o BIEES .

PRFFICE M, 75 RBER A AL B IMU 45
Tl 180° 2 %% , e By R 2 2 A 1) — 00 A A, 3 2o AR
IRy M, T SR B L, P RS IR E
-1, an = (3)

T, +T,+T,=T,+T, (3)

A, T, =M,R.R NEER|FEH .o BIEE
BT, =M X, .M, JES &, X, HiES R 31
B,

KR OORAKG) . AT

M,R + M, X
Moez% (4)

M) DK A IMU 21 4 19 530 55 7 5 B Y e 5%
rhC 1 D A% 1t .
2.2 IMUAAHIARTE

HVEFfr TR 7 i, &, REE Z [0 1E
KPR E 3.9¢, RAKX AT Z [ ik
—0. lmm; REL Y M 7E K BEIGNEC & 58. 3g, LA
OARY [a N 1. 49mm; 2S5 X [0 7E KGR
B 26. 4g, ARA KX (D AT 1F X [ B0 24 0. 67mm,

JE I

7 PEIERAERMNIMUASR
Fig. 7 Balance tooling and adjusted IMU

B ST AR B S AR B A AR R R AT R R, 7
XY PN FEIMECEME 7 i, g0 Hl
PR &, IMU 44 09 B0 5 3Pk Ak br R A FE
0.1mm DA I, WK 2 iR,

Fz2 BEAEBWEHROXLL

Tab.2 Comparison of centroids before and

after adjustment mm
5 1) R A BT A A R SRS NN 7
X |n) 0.67 0.05
Y If) 1.49 0.09
Z If) —0.1 —0.07

3 RIS IEIE

BEAL I 2 a0 50 /7 oK IMU 445 %2 3 5 52 ik h
YR58 B SRR AL, APl 8 PR . (Rl e
T T 98R #4755 0 R B0 R ) 2 3 B IMU 4145 fA ik
J3E i L R ) R AR A TR e AR A5 O 5C
E IR RIS

8 BERIBRARS
Fig. 8 Strapdown inertial navigation system (SINS)



5 5

FEBCH 4125 0] /S 4R IMU 44 &% 31 123

TETE & A G K 3 JEAT 4R 3h il 56, Ot £F e IR
Ims RHFE  Ims FAT.5ms 0% . IR 25 18 IR 0%
TR A DR S80% A 3 e R (B A N5k 3
N o IR R B I = R R A R A 9 TR
LA L IMU 216 76 Hoa R 9 ) 2 R 58 1
I RARBCR AR T 4220 A BEEAR KT 11C) /s

X TR 20 06 Y PR IMU 41 & f i — iR
2007 /s, E A AR 1 AR 2 i 1 R L B B A 2504 11
B ez gh, 88 o IMU A5 105F 11 /s
M FA L B IMU 416 A 5 B %A A 1 BS
Hb, 5 8 H Y 5 oA UG FC W E A 18 88 e 4 kA7 A
—EXR.

®3 MENIRRBER

Tab. 3 Results of random vibration tests

% 3 %l 17 R AT %/ Hz TR AT AL WARMCR/ % X PEIRMEE /() /s] Y RRWBMBEE/[C)/s] Z BEIBRMAEE/[)/s]
X 70 3.7 44 0.65 7 0.45
Y % 72.5 3.5 45 4 2 0.5
Z Ml 72.5 3.5 42 0.5 11 0.5

0.8 8]
Z 067 z ]
Z 044 = 4]
> 1 > i
g 0.2 «; 27
< 07 < 0]
5 -0.2 & _2i
5 —0.44 5 -4
% 0.6 g 6]
_0'87 *87 T T T T T T T T T T T T 1
0 200 400 600 800 0 200 400 600 800 1000 1200
tls tls
(a) X @RS X FEI2H 4 (b) X [IRZNY PEIBHH
0.6 .
2 i — 4
. i = 3
Z 02- 3 27
ERN T 14
€ 0] < 07
5-02- 5719
5 - 527
£-0.4- 3 -3
—0.67 T T T T T T T T T T T T 1 _47 T T T T T T T T T T T 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000
tls tls
(o) X miRZ Z Fei@ it () Y mIRS X FEi2 4 H
) 0.6
_ 27 = 04
o Z 02-
z 2 :
£ 0- = 0]
E 2 5]
Z 1 5027
ujp g s 0.4 -
g [k -
-2
-0.6

0 200 400 600 800 1000 1200
tls

(e) Y m#R30Y Pe 43 %

— T T T T T T T T T T T T T T T
-200 0 200 400 600 800 1000120014001600
tls

(DY miRzh Z FEiRi Y



124 S A S R

2022 4E 9 A

|
—
n

T T T T T T T T T T T 1
0 200 400 600 800 1000
tls

() Z EiRE X P2 & H

—_
(=)
| -1

angular velocity/[(°)/s]

O
[« W S W
IR (N T N T N S

|
—_
W

0 200 400 600 800 1000
tls

(h) Z E#RE1Y Peig i H

e o 2
(=T S ] = =)}
M P T

|
e
NS}
!

angular velocity/[(°)/s]

|
<o
~
A

|
e
o

0 200 400 '/6(')0 800 1000
tls
OWACE VAR
B 9 = [a#R 3 = 5 PE i M E i

Fig. 9 Gyroscope outputs in vibration of three directions
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