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Abstract:  Aiming at the realization of the sun-calibrated optical path switching component of the space-
borne differential optical absorption spectrometer, a stepping motor control system based on BM3803 is pro-
posed. The switching of the optical path can be realized by rotating the concave mirror with torsion spring
driven by the stepping motor. Firstly, the open-loop control system of stepping motor based on domestic

aerospace chip BM3803FMGRH and special drive chip LMD18200 is designed. Then the control circuit based
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on BM3803FMGRH and the drive circuit of LMD18200 are constructed, and the control program of stepper
motor is programmed. When the stepping motor rotates 89 steps, the torsion spring rotates at an angle of
80.1°, the micro switch is turned on, and the optical path is switched successfully. It provides a reference for

the design of the subsequent space-borne differential absorption spectrometer.

Key words: spaceborne differential optical absorption spectrometer; optical path switching; BM3803; stepper

motor
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Fig.1 Schematic diagram of optical path switching rotating parts of space-borne atmospheric differential optical

absorption spectrometer
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Fig.2 System block diagram
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Fig.3 Motor torsion spring rotating parts

L S B B Sh - Rt AR &, W] LA R [T T S S BB T T T B S R AR b, SEBRIMT T S A B
WiERe. WAL HERIECRMIFEIELL, &, W, BOARKRENAAN A+ . A-. B+, B-{5%,
VO E 5 R E R R P 2 e ALK Sh AR B LIRS AL, iy BEBhAS 7= A LB B LA 5, WnE] 4 B,
TAEALR A 2 AL (3 A, R B R D 2R 8 A5 T

B4 SHBLERSHF

Fig.4 Stepper motor wiring and phase sequence

3.1 BM3803FMGRH e &

FGCRARZ 772 Frig BM3803FMGRH EH 5l fr, s AAE MR ERE R, B2 T Z M.
FEE R A2 RE, 7 PWM KaeF., FEEFSME B EWE 5 Prs.

P FL Bk 1 BM38OSMGHR s fr & 1 M0 i B, SRAE A IR AR R FE B . o i FE B 2 2 P B 2L AR
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1.8 V1 3.3V, HACFEASRAL Py A% s YR, AbFE 25 A 38 F L% A\ % 9 I (General-purpose input /output,
GPIO) 1B B HLERSh#E A B (5 S 1, SE3 s LR SRS AN T 3h S i I AR A5 S 42 4
3.2 EEHLIEZHERER

R AL D BK SR F B R AR N AR A Rl B =t RE B AR B LIR30 AR A 20 B s L B S), 1 BK )
R, A R B R, AT RS HA TR, 208 i R EAN R &R E ALY 34K (Complementary
metal oxide semiconductor, CMOS) # il B I M1 & )8 EALY L S EIFER 1R (Double-diffused metal oxide



%6 R, % BT BM3803 wyp bl R A kit 5L 467

semiconductor field effect transistor, DMOS) B3R e84, ELEFE R H A 3 A, IBERH HER A 6 A, 1%
Bt L A 55 V, R RS, B RIRIPII6E, A RAE - fRE 2 (Transistor-transistor
logic, TTL) F1 CMOS H 7L R AR 4l i ke o, @k 5 EALFEEF GPIO w KRy, Bk H AL
AWM PWM | Direction 1 Brake % iti. JKZ)HEEMME 6 FT7R.
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Fig.5 Block diagram of BM3803FMGRH control circuit
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Fig.6 Functional block diagram of the stepper motor drive circuit

REFNEIE R 5V, BEAEAIKSE  LMD18200 fyEm . BM3803 K kw54 #E NBKFE
Fr, MRS R fER BTGS2 )5, ARG SR HENK A . BAHBRKR AN, NKs)
PRI AL R T HEATE D). W ANIKSE i PWM {55l A% 5 25 He e B g AL R /N AT, I
R mESIE LGSR, Pl alEshirm. b AEE, B3 ErnES, M58 PWM
5%, B 4 B:4% 1155, LMDI18200 #Hl{F 5 M FEmblE MK RINE 1 f/R. BM3803 #y GPIO[6] .
GPIO[7] fE% PWM W94, GPIO[12] . GPIO[15] 4+ HI4Ek LMD18200 #7535 =,
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Table 1 Relationship between LMD18200 control signal and motor working state

PWM direction brake active output drivers motor working state

H H L Source 1, Sink 2 forward
H L L Sink 1, Source 2 reverse
L X L Source 1, Source 2 stop
H H H Source 1, Source 2 stop
H L H Sink 1, Sink 2 stop
L X L

& HFpmar, LEper X ZREERT.
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Fig.7 Stepping sequence of the stepping motor A and B phases

E 8 BM3803MGRH =4y PWM I (BN 10 K, H =Rk 50%)

Fig.8 PWM waveform of the drive motor generated by BM3803FMGRH (Cycle is 10 K, Duty cycle is 50%)
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Fig.9 Direction and Brake timing generated by the BM3803FMGRH
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Fig.10 System software flow chart

& 8 FIE 9 4351 K s d: 3 A+ BM3803FMGRH F=4: iy PWM 3 L & direction F brake fyAtFE. A
VLA HEHIM =4 PWM | Direction F1 Brake {55 B2 #E ALK E R F, S8 T 25 EVLIIKS)
B P i it.

4 gt

BNRAFETRWEELLSR: BN HEDEREEME; BHRT4E PWM B EH B
B RS EAYLAEIR. F, 78 SPARC V8 328 R 5 AL HH 28 1Y & F 48 W T & BR8 38 1 4 4 AR SE
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YR LH)E, HTvs, Rt E R R I E R E Y B EE SR ke MR GG E I E GPIO
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F 77 1 A AR G A0 RN, LRSI e W TR IR T, 4% IR TE R A 32 1 B AL
B b, RIE EAHLES DSU B O & %iEr154, BM3803FMGRH Bk FI154 )5, 7°4 PWM | Direction
VLK Brake fikof, 3K HERALIFMGFED), FEHZE1Taf A BM3803FMGRH § GPIO[9] AR il i 3
LR ARG E S, SBR RIS E)E, BM3803FMGRH 3% B AHLE S 10 2454, kMW 8515 F7E 24
BIGEEALE; S4F BM3803FMGRH #U B @R iE 2 )5, HBALEIFERIGALE, o) U RS SR he s
T, TR REHBROL. AR RREME 10 FrR.

BT BB ., KA ESZERE), i@, TTRSESHBIRENGAE, FHILFE
BOp LA S SR BIWIA AL E, WA 11 PR, AP BRSO E FRMRLAEREE. 2
BEEHLATERIRG 0 ALBS, D HErNLIE 35 A S hEs, Ko RE H IR B AR Ml Fre, M1, RiE
T IR AR 2 R[] 89 2, BUWIEAMILS 0 fir. M HEdALRE R, #HBREAZITHE. BILAEL il
bR, AREIITIRALEIA.
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Fig.11 Initial position confirmation and out-of-step adjustment
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Fig.12 Analog space-borne test system
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BTG, HROBEHERMRALME 12 iz, PCWEMTETARERHES, Bk R%5%R
YRV, FIICHEOAGEF. [ 13 PR N ORI, Ead A, AR 5 T L SEDR S 3
SERARFRMIR LK, B SETERE (Ll e I LR B O R, ST L BOUARTE, FTF RO, BB
HEEHLEFOSE, EHIEE. PWM | EEAMA, BHEHT. ER. Sreflass, s o gss
4, BN SZEE LRSI, EERORE R, EEABUR N T IS LR, Bk, &
TR PR G B e B B S TE I PR R, 2 e LR L B R S 3 B R R 1, TR iR AT
EAGHUY, (5 H U E T E S, TR e, M LB B R B B, eIt 3h i
[rest IR, BT BT,
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Fig.13 Command parameters of host computer interface
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Fig.14 (a) Duty cycle vs current; (b) current vs torque
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%k 2 TF & TR RH ) 4

Table 2 Motor holding torque at different duty cycles

Duty cycles Motor holding torque(g-cm)

10% 454
20% 680
30% 842

I L R 14, 2405 25 ORI, PR ALR ARG R, b 2O 30% YRR, Pk
HLAE A% 77 IRFEE B A REL F7BE 680 g-cm, 5 3h M1 I 44554 5.
5.2 JLREIHEER 4 T S

T =P EIEEVISGR AR AT SR, ST T = RAGERINR S 56 LA B U A B 2
S50 FENMRA AL BN FEES ., 28 S, RERIRE. HEhIF @ KRR, R
HITURETER LR VIR ALE T A - e EHBERs 89 28 - IREMBIIT IFRER 2 s WRTFHhe 2 2 -
=8 300 s- FEFEH EIEHATHE 65 . A THHERAT IR ERKE, ARG 2 M ERPRGTnER 3
Bi.

R 3 T rAAIRAK A
Table 3 Cycle Reliability Test Table

Experiment number Duty cycle Number of experiments Number of Lost steps
1 30% 1000 0
2 40% 1000 0

I AT REAEE AL S, S U AU AR 89 & (R0 #e3) 0.9°) ByRHE, HEHeF: T 80.1°, 7]
DU T S S BRI RE HEN 000, Brii iy RV, RECHHBW HEEKR, PR iFERE
EW N, EARE ST 3000 WERH, RRIEE 0K, RIEHO.

6 4 ®

FeE IR R BN ES RO SRR EES S, Sl St S B
1B FRE TR, 25T BM3803 (9 B4, I LMD18200 X6 B I Hess 3 2 ity s HLA% i R e bAT T 1%
7. BN G T OB UIBERATE B B8R RE D RAHOETE U TR DL K L R R BRSO TR,
SR A B B B A AR B P 7 T PR T B BROR 22 3 WO i {3 14T Th 2 S 5 2 i 9 S B
. LRARRY, M LR R YRS K3 T SN SRR B, RIS SR AT LA B 89 P,
HEF SR AE R 80.1°, REBMUA TSI, LIGEMNHER, XEH N FEEB R IEDBHBOEEX
R —E RS %.
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