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Design of high-precision angular rate calibration system of turntable based on MSP430
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Abstract: In order to calibrate turntables on site, a high-precision angular rate calibration system based on MSP430 was designed
to achieve high-precision angular rate measurement, and test examples were presented. The system adopts the timing angle measure-
ment method, sets thermostat TCXO clock as time reference, and uses MCU controlled HCTL-2032 to decode and count the orthogonal
signal output by the circular grating sensor. In the meantime, the hardware periodic synchronization circuit was designed to ensure the
equal precision measurement of the system. Finally, the data was processed by the application software of the upper computer. The cali-
bration results show that when calibrating the angular rate ranged from 0.001~600°/s on the ultra-low speed standard device, the lowest
angular rate error is —1.9x107 at 360 ° interval.
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Fig.1 Composition of turntable angular rate calibration system

WA FEEREMNIA T 1) B e B R HE Ty 1 0 e
G R GEATINE, SR AT A e R e
LIRS, HRN S5 G iR, HEE G mzsh
AL 25 PO EIHE A% . MSP430F 14940 2
TS B R S 114 S [ T S5 1 0 s [ i) o
RN R0 G =SSP O T /e i B L b o 1 i G i
B i 3l 1 58 fff A5 11 5OR B ) 3 ) 20 e AR
XoF [ A s A g1 i+ DE A2 A5 S A, R 1R B )
() B P 2 BT 5, 3 3 RS A% [m] L A7
MLUEA TR AL BR | A7 At . s FIHRFRFTED

2 RERREMILT

F G0 T AL I A AR RO e |
Rl A | AR B R . A A
S A1 L BSR4
2.1 IEXFERITEELR

G S TR T A R 4 25 TV A L (B S A
ha%, SCZIBCHR 36000, RGLiR2E N+, HiH
5 LI B S AR A 2250 907 (1 7 I Bk vp A, B AIE
Pk s S 2, BB ST, A Rk eb AR AT B AH Bk
90 I is s, B AR Bk b AT A AH Bk b
90° . IF 22 Mk h ik A IE 38 ff 5 1T BB B R
HCTL-2032, AUMEfL T I i, g &
I i AR Ak B

HCTL-2032 J& Hi Agilent 28 7] A4 7= f) CMOS &
FHAE L B, W B B I A B . A0 53 ik 1) 322 B
B AT AR B . 32 (BRI AR e 4
B, JF ELEEIN T IR MEAE S, I R ik
33 MHz, BLHNFRAS M Gn & 2 I o

| s |
i
g B aEs B RGEibEe: B MEeER B B4R
ﬁ
| fEAER |

2 HCTL-2032 N R4 4 E
Fig.2 HCTL-2032 internal structure diagram
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Fig.3 Periodic synchronization circuit

JEL S TR A0 v B 1) S B 1] 4 i s, 2 T Al
B LR B AL SRS R, R S £
7, B — S EMITRRBES (P1.0=1), LR
fiph A 4 i tH DR S R FF AN (Q=0), 5 I HiAs
REFAE, Y fE o LI Bk, il 4 4
o RS B (Q=1), RISZhr & M1 S,
SE MRS TP AR THRC, e (a2, B pLAE
il — DS F WL S (P1L.0=0), tLifif
HOds FE IR IF B R, TR Fr i 2R 15 5 1Y
A T R EME R FUE I AR,

SEM— U A

smnpg e |

T

SRR TS 5 l I'
: & :

ST AR 5

1 ]
IR R £ 2 | [
[ERRRRRNRNNARRRNnn

K4 JE A U

Fig.4 Schematic diagram of periodic synchronization
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Fig.5 Crystal oscillator peripheral circuit
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Fig.6 Main program flow chart
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Fig.7 Interrupt service program flow chart
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(a) Parameter setting interface of the application program

PHEE H HE M)

WEKF | AESEE T ORI A S SEFEIAIRS

faik =¥ B tis

mASEREE [ %
maETBE [ x :

MARERE [

(o> R F AR A4t ik I
(b) Datadisplayinterface of theapplication program

K8 AL IR St

Fig.8 Upper computer application program interface
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Tab.1 Calibration results

SEF BRRRAIELR/ Gl AR R

[EIRE/C7)  ((7)-s™) ((°)+s™) R 2E R
0.2 0.001 0.00099967 3.3x10%  2.9x10*
1.0 0.01 0.01000030  -3.0x10°  1.1x10™*
1.0 0.1 0.0999930 7.0x10°  1.6x107*
10 1 1.0000050 -5.0x10°  3.9x107°
360 10 9.9999908 9.2x107  4.7x1077
360 100 99.999939 6.1x107  3.4x107
360 200 199.999883 58107 3.6x1077
360 300 299.999883 3.9x107  3.0x1077
360 400 400.000122  -3.1x107  1.6x107
360 500 500.000222  -4.4x107  2.7x1077
360 600 600.000117  -1.9x107  3.2x1077
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