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(a) Schematic diagram of the micro-resonator angular rate sensing system developed by North University of China

0.86 & ) 0.86
: V,=0.048 31R+0.755 11 .
054 o 0.84f
> et > .
lﬁ Nl f IEI 0.82f
ESR ?M-"""‘"‘—""’" s -
OB - L AR amars
— L O3 N
-2520-15-10 5 0 5 10 15 20 25 -2520-15-10 5 0 5 10 15 20 25
Pl TEFEFIEE /(res))
(b) BEFIRT & B i 2k

(b) Rotation stair effect curves of microsphere cavity

&l 3

Hh b R TR I B AR X 2R 5 e e A 4 15 B b 2k

Fig. 3 Schematic diagram of microsphere resonator gyroscope test system developed by North University of China

and rotation stair effect curves of microsphere cavity



1006 & Zh. W

w5 & W

%035 %

P9 R 3o 38 SRR P R A S 6 Al 4 A ) R A
£ ZGE0 U R A AT I ] 0. 095C) /s

L2 ¥RERRSEZS5HZE

FERRAR PR H2 AR J2 N 20 4 60 45 AR K e i ok
() SR BEPE R AR 1 — AR T m . 20 fiE 28 70 AEAR
DI A R S 2R 40 0 A% Co BB A o ABT M ) o 2 RN O
FHLHARA TARK AR, BEERTFEAR IHELE
AR TR AR ) 8 1) AN W 1 25 S Ol R R BT R 1Y
RIBRIE T AR B — AR A 148 1 25 1
JE L RE R OB RE B8 6 2 B MR RN A g n B2 T A
Ly R S ) T K AT R T 4 LAl
TG 1 B % G e MR 1 e - X A TR B A 4
Py 22 [ AT S R L Bl B ) 2 R X A A A AR
SRR R TERR TE I Bl A5 I Y Ly B R AT R 2k
JE e AR R BUAR A SRS AR b i T
g 1R 22 AR VIR 22 bR 8 5 M DA B D R A
R ARHE AR AT [ AN W 45 8 A K b AR i T HRE R 15
HAR B K . A COK 2 A G LR B IR (fiber
optical gyroscope,fijf#k FOG EEB M E RS H T
PP A R . Lipp 5 4R T —Fb
PLFOG JEEAfi LLN9S Btk 45 GPS 4 &1
Rl 5 %%

BT i 3 T2 A D DR B o R R A A
A B A X AR [] B 2 el R AR 5 R 50 10 BUAS 4
. 5T MEMS BB rEll &t R4l T HA A £44
G TS =N N AV NN i £ N N (1S S VAN = B2
) T i 2R A M 5 T e e im 5 — R
P U IR AE 25 AP 25 PR B0 25 Tl RAT B () 4
P18 i 2 3 24 ) Ak 7 P o S DA Sk S A T ke
() L T T RE S R R ) K
2 MEMS Bg 8R4 5 KT B2 AR X B L 1 HAF7E ™ &
5 W) 245 785 i SR R A0 K AR RO /) £ R T A
PG AL TG BT HEB X MEMS 5P I & 5 7k 2
AN BB T 30 A 0 0 RORG BE L B B TR Pk

BRI PE I L R G0 2 76 A% G0 M BE I L A8
FOR 5 G LA 5 5 OR FE Al Z b T ) s o e i
AT R AN S TR B R B R Uy R
BIBE P ) i AR S 5 I 2 A4 A R A B 1) R B 22
&M AEZS [A] 3 A 1E 28 il 1] 79 A - ASHREIE CRP i
PRt ) EORBEIC) o BF XS S I R g
TG I AR G AE AR A3 b b A A I e 1Y
FEPE TR A BT b AT R — Tl e ok 1) 22 3 454 1
PRAGE I B 2R G0 A 550 7 1) 52 B i B0RR B 1) A R
T8 /N T 52 B e ) R B S DT A RO A 2 el )

T B OO ) R AR I BRSPS . R
REEBEFE T — T 3 T Al ARl 7K SO ) o BE IR 45
MRS A 4 iR, G F 20 4 DT
Bl 3 % A s o — DK S I 4 R 5 1B M A S U
s BHEFEERERS. 4 POTPEMUHE RG]
JITRE AR 2R A o X 28 21 AR 0 2L R AR ORI T &R
25 DA TS A4 [ B P R 95 4 1 P A T RE R SRR E M . 1K
RGN HEUE T P BT S 2 25 1 L RE %
PRAE T HC AT AR BT A 0 2R 0 A A T e R R —
BN AR ARAE S HAZ R AR ) T e A
VA A AR TR R R G I AR B e 2
M 300 r/min JHZE 1 r/min*7 .,

o

2

REWE MTCEE iR BHENERIT K

Bk W SRRk

B4 gl KRR 2 S 45 4G
Fig. 4 Half strapdown structure proposed by North U-

niversity of China

P SEAT R I e AR G A v e o 2 ) A )
L2 10 L IS5 DR IR APF 5 v A B2~ R B 4B 4 ) e AR
GU S B — Ol AT B R 1 N B 5
TR AL R A EEE L ENA AR
AL B Ll JEE SR Ak 1 F 9 T A R o B A
T NP A R b T 8 o R BB 0 R AR
Jie e 1 2 4t iz 8l U7 XA Fepe iR 1 H A s sh b T4
E MR B 2 . B 5 PR Xk B L 3 5
SHEAT T WEIE AR 5 RO B R S T 5 5k
AN TR) PR B B T 3 4 0 O A0 R S O A 2 B
T 51 Sk ARG ARG BRI 20 B 1 R i~ S B
1 Sk B R AR HORS BE Y 1 2N R MR 2 AR



%6

PSR PH L 45« Mo PR BE T B P B A% AR 1F 5 R T 1007

KA. SCRRL25 BRI T —FhfREBCHE I R R G R
T BEXE TR LB HLR R AR N B T AL B
FEIRE AR G0 IR 0L - IS I 45 5 3%
JHVIE e O B 12 HEAT SR A% » 108 5k 2804 1) S D e B At
H A HOB R SR U SR R BE MM S A
TR R I B Y L AR BB SRR L
Wi R AR E R EER . &d M LisH
(GRCE NP R R &= L N OBy A A
B BRARTR B T 455 AN A B A A i
PTEAERE R, G0k 61,21 s M55 - %K HEBAR
PRI Rk IR E A NG Rk 1/5,

2 BRMATRREAFZSENXE N

Wit 25 30T S A R AR YD IR 4 14 & TR R R KR ot B
LTIV X 5 g (0 3 AL J s 1) 7 ok 2L
SRR G . g N R AR R ) T AE IR B
— M B A kK A SR Y R A R R A
HAR R SR . SR FHAL B8 12 I 0 AL SR A AR
AR M RE AT B3, AS BB 96 AL R o o 0 )
3R 5 1 SR FAOPLAR I T T 20 B 1 g (i ok 3 1% ke
HA BN R AR (R R BE L R e
T A S PR RO g R A
JERAR BRI T 120,

il by /(A0 R X Al b ) R R A S E R
I BEHE S L fE S AT R A RIS R ok
AR KR R KA 1 = [ ) | B9 e
IR T2 K A 1 1 9 S B R 22— o R 48 v o ek
2 A 1 D 2 T S L A i b 4 0 5 0 T A AR
A A 3 2 Hp o R P AR AL LA . AR I S R
G5 B 1 DAL IR AR BUE 5 58 1A 5 DL A% i 4
T At LA % 1) 50 Hf Ak B3R 6 i o RO . A R i
whily IR ERBE R 58 B8 Bl iR T S B0 , 7F
R I B A A S I R L X B A
3R AR B 2 B AT R 5 AR 2 A i — A
L 3 N TR R

2.1 MEMS 5 g EMEEi+&E8igit

FIRT 5 g BN BE 1 ki 6 A9 A6 0 7 2CA
AR A o IR TR 2 0
{GADPEN RS SATBE I & S S v O S N AV NN S

PN O IR 7 TRV ENA N RN N SR E N
(P N G O B W (51 N e Y i )
Ty i A8 /I A A L L B — SR 2 1Y Bl
WRKERWG T B RN T il TS SOR R A HL B 30

JEE AR TR 2 R DR Ay ke s Pl L o o e B
4 1) 800 T VR B v o T LA TR X e e L L7 R
BB LA AR A o P 2 R T A TR i ARG B R e
HLJ2 At 6 ) N AR, TE Ik R R g AR

J B 0 38 A% J i ) R i B T L0
IR ERS N | DI K (0 i N = N2 6 e e e A
HAEBH 254 b Jr A ot e TG T i B AP, T
I OE R R e I R R B
ABCHEY B LR FHEEGCRR . B ERTE
IR T BA N B w5 i R R AT, |
T R 1 g A Ak S 350 e BHL A BEL(E A2 Ak

20 tH4t 90 44/, £ E Endevco /A H] 7270A %
S 1 ARE DA S e g Z M TR RGN
SUE S Eep R &L B/ 5 e g (R AR
&R T270A-200k 1) B8R T 1 45 F R 20 45 1 (4]
U TTAE S BURT B S5 H T T A5 4
I A5 1) S5 e 2 Ak A RS R A Jin T AR E .k A 20 o
17T 5% » s BHL 4% FH T 9 e 58 B0 o et U D 400 o 8 1)
R A m AR R, A K/ 1T mm X
1 mmX 200 pm, 2288 4 AR il 3, 1% R &
AL 100 000 g, 24 [E A M43k %] 1 MHz &
o FERT 100000 g MYIEHL Nk B 1+ HoA 1R
U 1y S M RN U

IERLTCHE
SR TR

K 5 Endevco W}l ) 7270 A-200k i1 3 B A& 7 &
Fig.5 7270A-200k accelerometer developed by Endevco

K Alberta f B+ 0 Bl T — A
o B (1 E X R A AR T L 6. %A R
AL 100 000 g i B L 38 B SR A T 100 kHz, J&
WAL TE Wi LT B REZAK Z 10 000 g (1)
I B e AR AR M BUR ST R — 2 4 pm R
Yt A T A R Y P i A TR A5 A L TE R IR Bl
T T v R T R AT B RS AE 5 VR
s 00l B i s RBOEE S 0,75 1wV /g

Hrdb R BT T — Bl 08 4 = T A
s DA W0 BEL 2 00 7 =X Dy SRR 3 1 = B
PR g (e B AL e i 7 R . HoE
4 150 000 g, Ht & # 200 000 g, %F X H & F
MEMS & g {0 B A% AT i i 2K Be ) 25 78 o



1008 & oW K 5 2 W %035 %

z<100>
y<110>

Bl 6 Alberta HCBFHIAY =5 g B0 BE A% AR (A 2 pem)
Fig. 6 High-g acceleration sensors developed by Alberta

Centre(unit:pm)

7 S5 4 B b N FH e 454 ) s O Y [ R J I T biE
5 4 A BT A B L A R R 5% 5 1 AR A 1 n 4B £
SERGUEIT A R BT G AR i 32 3 14 B K R
J3 I B B H s R BRE U1 M 180 000 g $2
F| 240 000 g,

- 0°0
Z || - -
[ /— D.D
Pie=¢-9
4
BER e
”
|
(R

K7 srdb RAE R A L g (8 A R AR A
Fig. 7 Piezoresistive high-g acceleration sensor struc-

ture developed by North University of China

ML 2 g 3 2 A2 SRR b T 3 8 i o i
By J R AR B — AT SR . 25 sz
VAR FR RS sh Bt AR 4 [ 5 H AR R AT Bl L A 22 T A
I 11 P 25 5 ) 7% A ok I o B 1 RN . H R Y
1B g TN B AL SRR AR I L 5 R S 32 R B R
THFEAG AEA5 5 Ab B vp B AT 2 2R MR S A 2%

20 g 90 4 AR K L 25 1 2% b W[5 K S 56 = A
JFH 2 TIN5 A B i 9 — Bl b X 28 R 1
ML 28 R g (BN B2 3, B RE T 3K 50 000 g, 4nfEl 8
Fi7m o SN TT 1) 25 09 B T AL 5 2 25 L 25 K T H
ZERCHEGE . RGP 2 A AR R Bl A A 4
S AR5 A2 St I A [ 3 AE — S L sl A bR e R S
FEEMAR b7 . SRR R £ ik

8  Sandia 5255 % W] 9 g (B0 AL RS
Fig. 8 High-g acceleration sensors developed by Sandia

Laboratory
2.2 IEEEHERPEAR

— R TR PR BT Y S L R SR = g (E
WL RS T ERE S N T HER
g8 AR TR R A shkPL s shliE T . 2k
28R FH B R SB35, 8 100 388 i & 10 0l LA
MR R E T, SR R B e & R AT
VE T DU A% 10 [ 8 AOR AP . MR gl &R |
AT M — B8 R IR 2 S AR R
AR A A B A ow AT R L Au/AL 2248 H
R AT REVE AR 22 . B b ke R R 3 N o 2R
B AT LIS A R R O R R B R T
100 000 g HYTELLT) .

B BB e MR A LB S R R 4 s
SELEPRAE ST IR R E T B e A A A
SR I E S T L BORR T 1) B 1 T 1 R 8 23 4 Z0 A
TAEG M LR, BT H RS0, 8%
AR PR BB A 5 208 5 e R 00 3l S R RE A E Y
WA o DA bR AT R 38 ek 3 A e W R B e R A o
JoT 5t W] DA o IR AR AR BIVAE 7 b Rk A A e
KB BEE /N, 8 H 7] B R X A % L R
ME S i DATE AR FB SR APBHI NI EE 225K f R A gr .

% [E Endevco AR R A 2 1 MEMS 5 &
T B 310 R T R G i 2 O vk L B TR B
BR300 I 2 25 4 L S b ) )2 B B0 OT
PHEUEER . TR A A RN S AR
AL E T DD 22 R B RO . 20N B A 3
R H/NME £ (SO-XD

EH T 0 3R A R v ok ) gk R e, % PR



%6

PR PH L 45« AR PR BT T A B B AL R 5 R ST 1009

T e 12 R o A — S Ak e gl AE by 9
Wi, g R 232 7 AR R 28 i =0 L 6l 48 IR 3 A
ifr a0 TR R D 2 32 AR L L
T A 2 7 A 2 0 2 M 2L AT 3 0 K i R Y
R, AR E A X — B2 I BB T
2L Bl A 2R L K SR SO Bl 2 BT 1 W R
T L LAl ) AR o 0 40X 2R L AR IR A 1Y
it A5 OGS A RO A BT | B A
Py BT AR Ge 4544 14 & B Je) 1 BT
JELOU] . R AT RE 16 MR L AR L 9 RE v Y AT R L O
SRR /N A G R B RIS R S R A
b BT B R A A L R AR R
K se. EEEH—E M AF T, DK R IR BE 1 4 L
JEE 85 1A A BAN T 14 T g T I R
T 588 J3E /1N R B B 9 I A 1R 7 00 120 0 b
i HURE R 23 o A g 0 LA S i T PR L A7 20 A A
-t T S S R AR A

2.3 HIEEFAENREAR

B ATt Bl AR 170 v 0 A Sy o U0 KR [ A
A FE R AR AL T AT BE L PR E T E S AR AR A il
B 1A SR O AT BT AR AR I S A AR R
AN AR R s R s o R
BAF i i S5 A 18 DN 2 JER O I K A AR
LT T ey 3 AR A it 0 R R A e B R L A i
AR A O BOTE T AE L R BIR R PR B T Bk N %
I A7 At BT 50 S RSCHR [l e ) AR R

A A I R B AR 88 S i A 56 I T AR AR ST T
S FIT I ) P9 P 3 58 AL A0 AU AR i ) 98 A S SR
ICFISE [ Sandia BF 5% BT F i B9 H T 550 A0 28 #0035
bR G TES A rl iy 52 AL vh il BLELE 5
Ik As REAZ IR F) 400 kHz By RAFHA, AT LL TARAE
100 000 g 3%, E[E Sandia E R L= T 1999
ARAIF I BB R g S BRI TE N R 0 SR A BRI
HRFZ 40 000 g BN B L RAES A 15 kHz, A
HA 23 em®, Ui 292y 91 g, HSEW RSP UL 9,

[ N oA AR 22 S0 7 i A 1 2 7 T R . e Rk
B AT ] 10 655 A7 A s ST R 804 T 1Y A 310 ok
S hdb R A 24 Ok — BT B A i D T AT AT
FE 10 Sy Al KA R A — S A B G
B F2 WA A ) g 1 15 4% o H e KA it R R A
KRB IR T A, A A R A R T H GB UL B
ARG ILTT ¢ BRI whili o 7SI 5 A ] i ke
BRI ARAT Y 3 B e R TR .

9 Sandia [E 52 52 5 2 A B 0 3 A
Fig. 9 Acceleration tester developed by Sandia National

Laboratory

B 10 b RAEBT ) NUC-SDO2 $4 77 i

Fig. 10  NUC-SD02 data storage device developed by
North University of China
3 HRIE

A i B S5 T R R AT A K L i
on B S AU i 1 A AT RS BE L A TR A T
$HE 2l NS IR A B AR A 7 A ] LY 28 T A i
L A o B I 018 00 kB R 1 B DA T g
B 4 IR R 5 T O T DR R AR SRR A B
U PR BE T B IE R T ARIR S 5 A7 i i 2R B A
() BR I8 T 0 2R B 4P B R o A I I R B2 1) i e
DN B BUBT B W BB . BEAE MEMS $R 1%
Ji o A S e A L 1) TN R AR AL . T AR
AN THA MR TR R T Z 5 83t 25BN
PR TR AR AE il 41 2 Bt oo A% 86 A% 9 2 AR IE .
A i PR T 118 I R — R A% [ R e B A AL
ST HOR B AR AT KT 5 e H A HE AE TR
BORZEW i — 4

2 % X ik

(1] BRP AL SRR, 0, 55, &l 3 AT 4845 T (A
WEFE 1], &S5, 2009(8) :26-33.
Chen Xuru, Guo Hulun, Zhong Shun, et al. Research

progress of issues on hypersonic aircraft[ J]. Winged



1010 Cr S IS R . %535 %
Missiles Journal, 2009(8) :26-33. (in Chinese) [13] Vannahme C, Suche H, Reza S, et al. Integrated op-

[2]

(3]

(4]

[6]

7]

(8]

(9]

[10]

[11]

[12]

R4, W R OK R RS R T ]. SIS AR
BEFA, 1996(5) :43-52,

Feng Zhenxing. Analysis of missile submarine under-
water launch environmental [J]. Missiles and Space
Vehicles, 1996(5):43-52. (in Chinese)

P ER R TIR. BN 508 8K 2 AR Y
HBPFELT ). /R Tolk K224, 1999, 31(1) - 119-
122.

Li Zhongying, Cui Naigang. Simulation of manned
spacecraft and launch vehicle separation process[]J].
Journal of Harbin Institute of Technology, 1999,
31(1):119-122. (in Chinese)

G FAE LR IR E. IR AN R ERHER
BT, MR R 222 i AR A R, 2002(2)
34-40.

Jin Fengnian, Liu Li, Zhang Liping, et al. The devel-
opment of deep penetrating weapon and penetration
[J]. Journal of PLA University of Science and Tech-
nology: Natural Science, 2002(2) :34-40. (in Chinese)
g BE BARGIE—XRTE RERA
A L] BRI 5 i 2= 4. 2001(1) < 1-6.

Ma Baohua. War, technology and fuze

about de-

velopment of fuze and fuze technology[J]. Journal of
Detection & Control, 2001(1):1-6. (in Chinese)
PR il , % TLRe. 2K B M I s iR 22 0 A LT ). ih R,
2000(5) :12-14.

Chen Zunyin, Wu Weiling. Error analysis of coil tar-
get speed[ J]. Measurement Technique, 2000(5);12-
14. (in Chinese)

Eickerman C L.. Muzzle velocity compensating appara-
tus and method for a remote set fuze: U. S, , 4267776
[P]. 1981-05-19.

Nahrwold K H. Apparatus for setting a projectile time
fuze:U. S, , 4955279 PJ.1990-09-11.

EAE. MEMS % 8 BUR omi FTLT . foas 74
A, 2011,48(4):516-521.

Wang Shuhua.
[J1. Micronanoelectronic Technology, 2011, 48 (4):
516-521. (in Chinese)

MEMS sensor status and application

Arditty H J, Leefovre H C. Sagnac effect in fiber gy-
roscopes[ J]. Optics Letters,1981, 6(8):401-403.
SRHEEA LR RR IR FE S R R IM]. dbat: BB Dok i
JiR 4t .2010.28-35.

Vawter G A, Zubrzycki W J, Hudgens J J, et al. De-
velopments in pursuit of a micro- optic gyroscope[ R].
Springfield: US Department of Commerce National In-

formation Service, 2003.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

tical Ti:LiNbO; ring resonator for rotation rate sensing
[C]1//13th European Conference on Integrated Optics.
Copenhagen. Denmark: The Technical University of
Denmark, 2007.

Armani D K, Kippenberg T J, Spillane S M, et al.
Ultra-high-Q toroid microcavity on a chip[J]. Nature,
2003, 421:925-928.

Lee H, Chen Tong, Li Jiang, et al. Chemically etched
ultrahigh-Q-wedge-resonator on a silicon chip[J]. Na-
ture Photonics, 2012,6:369-373.

EWE. RFOGF PR E N RID]. brM ¥
K 24,2008,

BRIE. B P BRI B 558 G 2 PE IR BT 95X D], B -
WL K- .2012.

Yan Yingzhan, Zou Changling, Yan Shubin, et al.
Packaged silica microsphere-taper coupling system for
robust thermal sensing application [ J]. Optics Ex-
press, 2011,10(7):5753-5759.

An Panlong . Zheng Yongqgiu, Yan Shubin, et al.
High-Q microsphere resonators for angular velocity
sensing in gyroscopes[ J]. Applied Physics Letters,
2015,106(6):063504

JAAR BV AR AR S B 10 R R R L AT .
T A8k, 2006,25(9):55-56,59.

Zhou Xuchang, Shen Jianshen. Development of appli-
cation inertial navigation technology [J]. Ordnance
Industry Automation, 2006,25(9):55-56,59. (in Chi-
nese)

Washburn J, Gauoway ], Kant H, et al. Standand
compass/attitude and heading reference system (C/
AHRS) utilizing fiber optic gyroscopes[ C]J // IEEE
National Aerospace and Electronics Conference. Day-
ton, OH, New York: IEEE, 1993. 362-369.

Lipp W, Sagrestani V, Sarriea R. Integrated GPS/fi-
bre optic gyro land navigation system[ C |/ IEEE Posi-
tion Location and Navigation Symposium. Las Vegas.,
Nevada:lIEEE, 1994 . 447-452.

BN RN e & 3 2 BRI I B AR IR L
FRLTT. B4 56 S 244, 2014,34(4) :58-60.

Li Jie, Liu Jun. Data transmission technology of roll-
ing airframe semi-inertial measurement system []J].
Journal of Projectiles, Rockets, Missiles and Guid-
ance, 2014,34(4) :58-60. (in Chinese)
WD R e RS, 45, B T 5] Sk ML A R 4R
WORRELT ). b UL 23 R R 2 27 4, 2011, 37(7)
840-843.

Yang Baoqing, Xu Long, Yao Yu, et al. Half strap-



%6

PR PH L 45« AR PR BT T A B B AL R 5 R ST

1011

[25]

[26]

[27]

(28]

[29]

down seeker LLOS rate extraction algorithm[J]. Jour-
nal of Beijing University of Aeronautics and Astronau-
tics, 2011,37(7) :840-843. (in Chinese)
BANGROE S XUR L AR R 2y AT A A o
I MEMS 15 ) i b B AR ]. S 024k, 2013, 34
(11):1399-1403.

Li Jie, Zhao Yi, Liu Jun, et al. Research on semi-
strapdown MEMS Inertial measurement device for
flight attitude measurement of high-speed rotating am-
munition[ J ]. Acta Armamentarii, 2013, 34 (11);
1399-1403. (in Chinese)

bR B, T e, S ESNGIHEROR R R B
DI by i AR R % N P A N 3R E 2
il 2#4 . 2005,27(3) :1-5.

Shi Kunlin, Huang Zheng, Ma Baohua, et al. The a-
nalysis of the characteristics and trend of the foreign
fuze technology and the necessary of the rapid develo-
ping of our fuze technology[]]. Journal of Detection
&. Control, 2005,27(3):1-5. (in Chinese)

R MEMS JE B 500 3 8 {2 & s g pF 5 [ D). K
K BHEH TR, 2004,

AU BB B . B =i R AR o A% R
A PEREIIR 5 A [T ], A2 EOR 244i, 2012,25(9) .
1237-1241.

Shi Yunbo, Zhao Rui, Tang Jun, et al. Testing and a-
nalysis of a single-chip triaxial high measure range
MEMS accelerometer[ J]. Chinese Journal of Sensors
and Actuators, 2012,25(9):1237-1241. (in Chinese)
A7 2T ORI M. %, MEMS & g il ok B 1% & 2%
wat#E e D A s )], R 5 ehik . 2011, 30
(7):272-274.

[30]

[31]

[32]

[33]

Shi Yunbo, Li Ping, Zhu Zhenggiang. et al. High o-
verload ability optimization of a MEMS high-g acceler-
ometer[ J]. Journal of Vibration and Shock, 2011, 30
(7):272-274. (in Chinese)

XU Az SR AR SF . R O I 5 R B A R
RIRFFELT]. MHAR 4. 2005.19(3) :250-253.

Liu Jun, Shi Yunbo, Ma Youchun, et al. The re-
search on the structural protection in the high overload
measurement| J ]. Journal of Test and Measurement

Technology. 2005,19(3) :250-253. (in Chinese)

PO, TN IR A R AR AT B 2R i 52 (D .

KA - R 2 B K AR 6 2 R 2% DL AT 4 LR 9T BT
2005.

Navid Y. Micromachined inertial sensors|J]. Proceed-
ings of the IEEE, 1998,86(8):1640-1658.

R 5. 00 T 8 I B AF A Il R i iDL
KA R, 2014,

FE—EEE RN, H, 1971 4F 11
HA e, R RHEE 863 1 H
P2 2R Ak 4 22 A AR & W0 H
LR AREE R 2 F AN A
iRV EHEZA T AHAA LR ERAWL
FAEREG . FEAR T AR FRES
FAR, ¥k F(A dynamic stress analy-
zer for microelectromechanical system
(MEMS) based on Raman spectrosco-
py) ({Journal of Raman Spectroscopy )
2007, Vol. 38) & 3.

E-mail : xuechengyang(@edu. nuc. cn



