CRIECIE R JesE K TR Vol.21 No.8
2013 4 8 A Optics and Precision Engineering Aug. 2013

XERE 1004-924X(2013)08-2087-08

Rk i 25 BT I 5% Xt 7 S 1T AR A7 A B 4 Y = Wi

W ®m.r B ELWE,EEW
(BEEIAR¥ WM IAEFKE, LR BXE 210094)

FEE - g AR Ak a2 B 5% 7 X ARL G S R R A B L BT T R T HLEL A A 20 A TR A I A AL R MR A T 4] 2
AL . B AR IO A B SR SRR AR A 1 S RO 2, 4 A5 L bk g B S 5t D) R BSURRAE S B 5 e 1L BT DA 43 oA A R E
;38 25 280N W 43 o L AR BE 0N 5 i A AR T BE TC G . SRS AR AR P P R 00 B A ST T A R R S U5 Ik o E 2 T Y
KFR HBRES Gk EE P ZECR . o . F BT bR RS2 PR ROPL AR P8 82 280, Be TH 5 T BT A 19 5 ik
ohiEs B, IR AE Simulink AT TOTE . (T EGURERW], BTk SH0H 2 TR IR bR . HAE I 38 15 25 55 30U A A 3 EE MO
30 1 50(° )/ssﬁlr*/ﬁﬁF 15 ELA5 37 35 Jok o 4% B2 R0 1 BE 2 TAD A AR M 4300 R 3. 6 X107 .3, 07 %6 M5, 1294, XFIE A
5 25 8 U N S TR BE 4300 Ry 30, 4(°) /s T AT 3(%) /s 1 15 BE SR 11 5 B 0B R AT S 30, 45 SR 22 ), Uk o 285 B2 I 15t 71 % 71
WL B 52 Wi A o ko 28 B2 10 8 A 17 28 A 5 75 380 A9 1 129 bk o 28 B R0 AR R BE 2 AL A AR Gt 43 i R 2. 9 00 FR4AL 806, SR TG 5 1)
HERMFERABIT,

X # I MAUHIE R s sigma delta AR 2 Bk ok 55 A B 2R L 3

FE 435 :U666.1;TP212. 12 SCERFRIEAD : A doi;10.3788/()PE. 20132108. 2087

Effect of pulse density feedback
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Abstract: The effect of Pulse Density Force Feedback (PDFF) on the performance of a micro-machined
gyroscope was investigated and a closed-loop circuit for the micro-machined gyroscope was designed
based on a mechanical and electrical > A modulator. Firstly, from the equivalent forms of a sense
mode for the micro-machined gyroscope, the effect principle of PDFF on the performance of sense
mode was analyzed and it was divided into two parts: negative stiffness and gain effects. The analysis
shows that the negative stiffness is independent on the input of angular rate. Then, the relationship
between pulse density and input angular rate, and that between input range and high level feedback
pulse were built based on the theory of closed-loop detection. Finally, the circuit parameters were cal-

culated by using the range design index and the actual parameters of gyroscope, then these parameters
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were simulated in Simulink. Simulation result shows that the parameters satisfy the design objective,

and the nonlinearities between average pulse density and angular rate are 3. 6 X 10 °, 3. 07% and

5.12% ., respectively, when the quadrature error equivalent input angular rates are 0(°)/s, 30(°)/s

and 50(°)/s. Two gyro sample I and II with the quadrature error equivalent input angular rates of

30.4(°) /s and 47. 3(°) /s were tested, and the experiment results show that the effect of PDFF on the

negative stiffness doesn't change with the pulse density; and the nonlinearities between the average

pulse density and angular velocity are 2. 9% and 4. 8%, respectively. The experimental and simulation

results get a better match.

Key words: micro-machined gyroscope; sigma delta modulator; pulse density; sense closed-loop circuit
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g. 1 Block diagram of micro-gyroscope structure
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erage pulse density obtained by simulation
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