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Abstract. For attitude measurement of high-speed rotating ammunition, the traditional MEMS strapdown
inertial measurement system has low measurement accuracy. Angular rate sensor cannot meet the test re-
quirements in both range and accuracy. This paper proposes the concept and principle of semi-strapdown
inertial measurement and the realization method of MEMS semi-strapdown inertial measurement, at the
same time a semi-strapdown MEMS inertial measurement device is introduced on the foundation of compo-
sition structure of semi-strapdown. Through structural and functional description of power output bin,
control-drive circuit installation bin, inertial information sensitivity bin and inertial information collection
bin, this paper comprehensively expounds the realization method of semi-strapdown MEMS inertial meas-

urement. The device can provide stable test environment for MIMU and effectively inhibit influence in at-
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titude measurement accuracy when measured vector is in high-speed rotating environment. The system

provides a new idea for high-speed rotating ammunition attitude measurement and conventional ammuni-

tion guidance. It is valuable for engineering implementation.

Key words: ordnance science and technology; high-speed rotating ammunition; semi-strapdown; active

control ; inertial measurement
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Fig.1 Functional diagram of semi-strapdown

inertial measurement system
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Fig.2  Structure diagram of semi-strapdown
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inertial measurement device
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Fig.3 Decomposition schematic diagram of semi-strapdown

inertial measurement device
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FH SR 45 HL IR AR A5 1] 14 Fi R AP 20 A 30 B 11 0
(2, BRI 28 N 12 A PWML I P33 an (1)
K7

F=(2" x U, xdatal ) /(360 xK,) , (1)
K idatal 2 ADC H B R B2 BE B8R 5 3 i (B 5% 1k
SR U, N —1L datal fCFRAE R K, N



5511 1

T L2 TRAT IS I 2RI MEMS 5] e 2% 1401

KA FRFE I bR B R,

(1) 2R o7 R Rt e M B 1 i R A R
T 0 A I A 43R 2 M Y /)N o R P MR AR
P, ANBEEAEEH (1) AT 75 ZEAR S L ] ¢
RILACA AT LU AR AT

data3 = (Ky X data2 ) /Ky, (2)

o K /N BE IR AR B R 8K ; data2 SRy /N iR
B 2 A5 B ; dara3 N Zead AR IR B0 | HAH
%’[:‘F‘( l)it'fljﬂ/‘] datal. T (1 )fﬁ':fj datal %} data3
V1A JOIURR S RS 2 S0 15 25 M2
2.3 BEEEHEE

SRS I 15T I 0 A 2 A 18 T A B R
MIMU | 2 fmf £ \MIMU 226 Gl R R & 5 5%
PR, MIMU 223575 MIMU 223513 P, MIMU 27285 55
— i R SR IDCA 2 5 P AL [ 0BG D — ity g e
I, SCETEERE R85 T 8l 4, MIMU
LR AL ISR T 2GS AL 5 5 1 T 2 S 4
PEAN , A B2 () R Bt HE S 1 MIMU 2253
AT DUASRIE B e i MIMU 78 25 i 2R 88 R
BUR, FESEPRfl b R b, B AL T AR 7 o e A
I8, R T o R e 25 1) LR B R e e R f R
R R EAAFEIEAE , Nz MIMU 22365 P9 i T
TR A S R 3 T AN 35T SRR S ff MIMU %2 %5¢
TRTFE R e L RS« [ 12 2, 3 e N
MIMU SUBEES R 5 o il X A 0 & A=
FESER TP AN T R i R R R a5, R ECA il
FHRTLAE MIMU ‘2225 5 £6 e s e 1 0 T (R3IE 5 41
TRAE A BT R b e 4 o R IR B L B Ay
EFENE Jy SR 1) S £ 45 4, SR 3] S 4 il 7 R R 4
MIMU ‘2 EH

I ) 4200 2 MIMU , Hy 3 52 B %) 286 A %
AL EAE B HUR, MIMU =%l sk e Sk fn & 1)
SRR AL, B S S MIMU USRSk &
IRNEEE LT MEMS (RS AR BN AR |
Pl 2 S MR S — RV Bk EA R
4 MIMU H &S . RA 3 AN IEAS I MEMS
T BT 3 AN IE A B MEMS FES2 AT 2 I
LA I — AN IEAE 3 AL A I & R 4, 40 IV
X 3 AN [ R R R MEMS BE SRS
RN 2 AR R AR S, AT AL bR B A A 2
WM AR 00 2 25 f 45 B MEMS i3 J3 3 1 ok Il
DIB93P0 S B U ALY et Ak /8- £ & e IRl R ENG I
SRR L, AR T8 e — A | R B o A S 3
PRI T RE RN RS 0 B 14 A B A B A S s

{7 Bl T 5 B 25 3z A T LA B A i 107 B A
LEMER.

[ ki, i=x. y. 2
AR =, 7. )

Fls  MIMU #3km g
Fig.5 Schematic diagram of MIMU

Kl 6 iy MIMU J2& 52560 =5 [ F2 01 A 19 st ok
oL, R B 2L M T 3 N IESS Y MEMS il
HEETE 3 AN IESE A9 MEMS B S2 {SUR5 5 78 B g
6 AR P ) A T LA A S A% S R B
SR A BE 5 R BT X LR (. A RGER Y
MEMS 514 & i A=A DL TR AL i i 2 468
R A F B R R A L 0 1 SRR B0 B A R
e

6 MIMU 4[4
Fig.6 Real graph of MIMU
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Tab.1 Corresponding table of lathe speed and despinning

Gyro output data of X axis after experiment

VS5 VS5 TR I e 1/
(remin~") (°)+s™H) ((°)+s™)

44 264 0.915
63 378 1.967
91 546 3.365
120 720 5.204
173 1038 7.138
248 1488 11.547
350 2100 16. 843
503 3018 23.865
723 4338 31.688
958 5748 38.780
1380 8280 47. 196
1980 11 880 33.209

4 g

AR SCAR H B~ SERAR P I ke B >R ] 3
o] 14 REL B, 368 o 300 o P MR R I S AR () ik 3 i
g A B s DSP A 0 75 14 P 3 e A S X IO A AR
PRS- 1 A AL LS AN SR R/ N 2 7 1] A
J B A T T R A MIMU Ak T GU5E B 1 1) 6

B, XU S MIMU A X i e 0243 H 8
i B9 A AL B 22 2R 5 i AT SR 1 A8 S £ 75
R, IR B SR R RS ShEREE T o MIMU #2144
FsE MR BT (1 B 1, (D A7 7R o 5% T WUEAS IR
FIE T X Bl o RSl M P e R Py ) 8, 5 2 )5
AP il

ZRGEN] Tz 0 T e SR 2 A TS A
A SRR 7 ), o e B 2 A I AR T
BT JEUHS X aoh A rp SR AT RS | T
RSB AT A BN R, A RS
i T RS FANMA.,

22 3Lk ( References)

(1] sl s, XUTH-F A%, H M i AR5 M i —Fh L&

w|I7[)]. IR ,2011,23(3) 137 - 42.
SHI Jin-guang, HAN Yan, LIU Shi-ping, et al. An approach of
combination measurement for flight attitude angles of guided pro-
jectile[ J]. Journal of Ballistics, 2011,23(3) :37 —42. (in Chi-
nese)

[2] Jurman D, Jankovec M, Kamnik R, et al. Calibration and data
fusion solution for the miniature attitude and heading reference sys-
tem[ J]. Sensors and Actuators A ; Physical, 2007, 138(2) : 411
—-420.

[3] SoKkA|. PR R 2 T BRI [ D], MR /R
BT RN ,2010.

CHAI Yong-li. Research on error modulating technology of strap-
down inertial navigation system[ D ]. Harbin: Harbin Engineering
University, 2010. (in Chinese)

(4] B35, 258, X0k, 45, R 3 MEMS 154 0 B 20 5 Hiodls
ERGTBT[T] . RIEREOR ¥R ,2012,25(9) : 1251 - 1256.
ZHAO Yi, LI Jie, LIU Zhe, et al. The design on data hard recov-
ery system of MEMS micro inertial measurement unit used in spin-
ning projectiles [ J ]. Chinese Journal of Sensors and Actuators,
2012,25(9) : 1251 —1256. (in Chinese)

(5] 28, X2, 5K SCHR. BB e B ()], (AR,
2006,27(6) :1450 —1451,1462 .

LI Jie, LIU Jun, ZHANG Wen-dong. Micro inertial measurement
device[ J ]. Chinese Journal of Scientific Instrument, 2006, 27

(6):1450 —1451,1462. (in Chinese)



