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Abstract To efficiently design damping system of MEMS Strapdown Inertial Navigation System ( SINS) which performs well
on vibration attenuation a method to design vibration damping system of MEMS SINS according to transfer function and
performance demand were present. First the design of supporter and the assign of vibration damping devices were finished. Then
through sine scanning vibration experiment the amplitudeHrequency characteristic curves of the each inertial device in MEMS
SINS were obtained and the vibration damping goal for each inertial device in MEMS SINS were got through the study these
curves. At last the amplitudedrequency characteristic curves of the accelerator that sensitive the vibration direction were
simulated under logarithmic coordinates and the design were finished according to outputs requirement. Simulation through
MATLAB indicate after vibration attenuate designed system perform well in meeting the requirements for outputs of MEMS
SINS meanwhile it decreased the output deviations of three MEMS gyroscope. Simulation indicate for the vibration damping
problem of MEMS SINS well performed vibration attenuation system can be quickly designed under the output requirement for
MEMS SINS through this way.

Key words MEMS Sins; Vibration attenuation; Sine scanning vibration experiment; Amplitude-frequency
characteristic

Corresponding author: DUAN ZhenYu E-mail: 13089134973 @ 163. com

The project supported by the Innovation funds Phase IIT Chinese Academy of Sicences ( NO. YYJ4112) .

Manuscript received 20151013 in revised form 20151116.

* 20151013 201501116 o (YYJd112)
Yok 1991 3 MEMS



798 2017
DORQB@ DSP . .
. ( @ @
MEMS MEMS ) o
~ Mg +Kq =0 (1)
N M K
1
e qn 0 O 0 0 0 0
O m 0 0 0 0 O
56
BO 0 m 0 0 0 B 5
° M - Eb O 0 ]"CX - [X’Y - ]%Z |:| ( )
. 0 ’ 0
i, E]O 0 0 -1, I_W - ])._,H
b o o -1, -1, 1 U
940 [{c.\tx k.ty kxz k;ra ka xy [
Bkyx k))' k)z k}“ k}B Yy B
; [jlfzx kzy kzz kza sz 2y D
i ’ K = %f o (3
ax ka) kuz kaa erﬁ ay [
O
lw" %“Br ka.v kﬁz kﬁu kBB s
X Dk7 kw’ k7 kw kvﬂ kWD
1
@
. DB@ 1 .
MEMS
Matlab
MEMS
2 MEMS
° Fig.2 MEMS SINS after modify
@
XYz
° (-0.6 -0.40)
MEMS 1 o
E{xx Xy Ix:|:| D136. 1 - O. 08 1. 51 |:|
J = glﬂ L1, E: H-0.08 190.6 0.3 [
O 1.0 Hist 03 19220
(4)
o 2 ABCD(D )
K o
I MEMS 2825 241 g.

Fig.1  Original MEMS Sins



39 4 : MEMS 799
(1) ~ (4
2
2.1 4
MEMS Fig.4 Constraints of transmit ratio under each frequencies
(1) MEMS 6 dB; (4)
(2) 40 rad/s 95
6°; ( 5) R
(3) MEMS 100 Hz. s
MEMS 3
2.2 MEMS 3.1 MEMS
3 5 5t
w(s) = 6()mi(s) = 6,(5) G,(5) ol 9) >V
Mz( S) ( 5) ) ®@®@
= G,(5) Gi(s) : . .
Mo 3)
N o 1 o
20 Hz ~350 Hz
3 2% Y o
Fig.3 Signal model of inputs and outputs
s =jw (5)
M2(J‘w) =1 6,(jo) G,(jw) | el d1+2) 20lg | /.Lz(]‘a)) | =
o (jo) Mol jo)
20lg | G,(jw) | +20lg1 G,(jw) | (6)
(6) .
o 4 Fig.5 MEMS SINS sine vibration
B 6 dB
1
( 4 ” A .
4 ) Tab.1 Conditions of sine vibration experiment
Acceleration/ Velocity of
( ) A Frequency /Hz (m/s?) scanning vibration
5 0.15¢
( 1) 5~20 Fixed gradient 1 oct/dB
: under logarithm
( 2) ( 20 ~350 2g 1 oct/dB
) 6 dB 350 ~360 Fixed gradient 1 oct/dB
under logarithm
360 ~ 1000 0.2¢g 1 oct/dB
N 3.2
(3) Y

6 120 s ~367 s(20 Hz ~350 Hz)



800

2017

o MEMS
0
6
MEMS
6 MEMS
Fig.6  Outputs of MEMS SINS
3.3
2.2 MEMS
Y o
Yt )
o 7 Y
A B.Y
C,
10 Hz
; 350 Hz

7Y

Fig.7  Outputs of Y-Accelerator and its simulation

10 Hz ~350 Hz o 7
10 Hz ~31.6( 101.5) Hz
1 (100 Hz)
0.8 dB 0 Hz ~ 100 Hz
1:1 o 31. 6 Hz ~ 100
Hz 9

9 H(x—xi)

i#j

Yy = -, Y
; H ( X; = xi) ’
1#]
x ¥ 9 x = logyf y =20log, H
H o
( (7 C-B)
P =y - 20log,2 (7)
20log,,2 o
6 dB(
5.8 dB)
y,(x) =5.8-P =5.8-(y —20log,,2) (8)
8
o (1)
8 o
8
Fig.8 Constraints of transmit ratio under each frequencies
14
X kZ + ( C(1)) 2 172
D === [ 2\ 2 2] =
Y (k-mw)” + (cw)
[ 1+ (2¢1)° ]“2 (9)
(1-r)"+(2&r)°



39 4 : MEMS 801
mCCU3
=arct =
 =arc an[k( k-mw’)’ + (cw) 2]
2§r3
arctan[ b 5 (10)
1+ (48 - 1)r
. 1 =@ _ S - ¢
(9) . (10) r AT
a)" 10
( 9) Fig. 10  Relationships between frequency ratio
and damping ratio
9 A o A
6°(
A =-0.1385£ +0.1555¢ +0.0112 +0.01 0° 3°)
(11) o
R
n
1 MN. 11 DB
@ ®

9
Fig.9 Peak errors and it’ s simulation when inherent

frequency were used

9 B C

1 +(2&)°
(1 —r2)2 + (2¢&r

D€ = )2]”2 SD(£1) +A =

[1 +(21§)2]V2 0. 13858 +

0. 1555¢ +0.0112 £ 0. 01

(12)
10 a \
Jr
r =t 9
7 ( (9)
) o et B(vy
)
r= JJ? =0.013¢" - 0.3381¢ + 1.0237 +0.015
fe = (0.0138% - 0.3381¢ + 1.0237 +0.015) f,
(13)
(13) N
(8)
D,.(& =y (1) (14)
R .
(10) 40 rad/s

11

Fig. 11 Inherent frequency and damping ratio scope
4

3.3

MN

3.2 MEMS
11
N
( 1546 )
MN  (0.35 61.43)
o (241 ¢)

k, = mow® =~ 35904 N/m =~ 35.9 N/mm (15)
¢, =2mwé =~ 65 N<*s/m =0.065N°s/mm
(16)

k, =k =k c =c =c
o (15) (16)
Matlab 12 y



802 2017
0 Hz 0
13 Y
Fig. 13 Outputs of Y-accelerator after vibration damping
MEMS
35.9 N/mm  0.065 N s/mm
MEMS
MEMS
5
MEMS
MEMS o
MEMS o
MEMS
o MEMS
12 o
Fig. 12 Simulation curves of outputs
( References)
6 2
MEMS : '
( ) 2004 34(B11) :9295.
° 3 MEMS SU GuangZhong YE Hua. Development of training simulator of
33% +20. 6% 36. 8% inertia navigation system J . Journal of Southeast University( Natural
: Science Edition) 2004 34( B11): 9295 ( Tn Chinese) .
2
( 2 J. 2015 37(1): 052-057.
HUANG QunZhi ZHOU ZhiQiang ZHANG Qiang et al. Study on
) , fatiguelife of thin-wall structue fasteners of aircaft J . Journal of
Tab.2 Peak of outputs error after vibration damping V Mechanical Strength. 2015 37(1) : 052-057 (In Chinesc) .
3
Devices X 7 7yr0 syoY - GyroZ HUANG Lin  WANG ShouRong YAN ZeFei et al. Research of
integrated control devibration in inertial technology J . Journal of
Before 0033 0.03 1.813  0.821  2.953 Chinese Inertial Technology 1998 6(2) : 1528 ( In Chinese) .
4 . J .
After -0. 057 0. 035 1.215 0. 652 1. 867 2013 10(2) : 109412,
QIN Jie SHI YongNing. Test Research and development of wire net
isolator ] . Equipment Environmental Engineering 2013 10
13 ° 5.01dB + (20) : 109412 (In Chinese) .
0.03 dB =40 rad/s(f = w/2m) 5  YoonSW LeeS W Perkins N C et al. Vibration sensitivity of
0. 045° f=100 Hz £1.2 MEMS tuning fork gyroscopes C //Sensors 2007 IEEE. IEEE



39 4 MEMS

803

2007: 115419.

Braman T  Grossman O. Designing vibration and shock isolation
systems for micro electrical machined based inertial measurement
units C //Record—IEEE Plans
Symposium. 2006: 400-404.

Position Location and Navigation

J. 2010 7(5) :24-28.
ZHANG ShengPeng LI XiaoGang. Accelerated Storage Aging Test
of Rubber and Calculation of its Life J .
Engineering 2010 7(5): 2428 ( In Chinese) .

Equipment Environmental

J. 2003 43(4):51-54.
WANG JiaMin  PEI TingGuo. Dynamic analysis and parameter
design of the inertial platform shock absorber system J . Control
Technology of Tactical Missile 2003 43(4) : 5154 ( In Chinese) .

D .
2014:647.
YUAN JunFeng. The research of the sins vibration control technology

J . Taiyuan: North University of Chia 2014: 647( In Chinese) .

I
2009 17(6) : 648-650.
TUO ZhouHui HU DeWen LI RuHua et al. Damping design of
strapdown inertial navigation system J . Journal of Chinese Inertial

Technology 2009 17(6): 648-650 ( In Chinese) .

J . 2015 12(3):2228.
ZHENFG Ling FANG ZhanPeng.

Dynamics analysis and

12

13

experimental study of vibration system in inertial measuring unit J .

Equipment Environmental Engineering 2015 12(3): 2228 ( In
Chinese) .

7. 2014 11(2): 4349.
LI XiaoBo WU Bin DONG Chen et al. Research on coupled

vibration of strapdown ins damping system ]

2228( In Chinese) .

Equipment

Environmental Engineering 2015 12( 3)

I : 2013 43(1) :60-64.

ZHOU YaDong DONG ELiang WU ShaoQing et al. Restricting
method for angular vibration of inertial navigation platform ] .
Journal of Southeast University : Natural Science Edition 2013 43
(1) : 6064 ( In Chinese) .

M . : . 2009:
158164
LI XinYe ZHANG Minglu. Machinery vibration M .
Tsinghua University Press. 2009: 158464 ( In Chinese) .

Beijing:

Sjoberg M. Rubber isolators-measurements and modelling using
fractional derivatives and friction R . SAE Technical Paper 2000:
873-884

2012 33(4):21-=24
TAN LianYing CHENG Zhi CHEN XiaoYan et al. Research of
damping performance of nitrile rubber J .

Products 2012 33(4): 2124( In Chinese) .

Special Purpose Rubber



