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Design of real-time regulation software for engine power
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(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract; The design of a real-time engine power regulation software based on DSP/BIOS is in-
troduced, including requirement analysis, design approaches and implementation of software. With
the multi-threading capability based on task priority provided by DSP/BIOS, the tasks including pulse
arrangement for step motor driver, regulator control, resolving of power parameters and power adjust-
ment were fulfilled, thus reliable real-time power regulation was realized. The verification and valida-
tion of the software show that its function and performance meet the requirements thoroughly.

Keywords: engine control system; engine power regulation; step motor control; fuel regulator;
DSP/BIOS

HEAF, LI T RO 4 7R

0 5] W, IR T HERE R

i

Jl R PR, ERSNEHASEEEN 1 B TR EE
KA T BHEAT ST S, I 1R B 5 R SR
£ EI, BRI SR IRTS . 3T DSP/ HRFHRGN, R IR EAS R
BIOS it A 2R AT S 3006 R RTT T Sgibe 2o TURYAS, a5 58 T B 5 B

WHmEH.: 2010-10-04; fEEEHA: 2011-11-08
E&mMB: EZK 863 1 H(2006AA702303)
BN FERIE (1968—), B, BT R, DRSS E SN S . MARERSE



%38 4 9 5 #

JUSCHE, 5. AEIHL TOUSER T BBt 71

FOEDBAFIR &, MR 2R & sh Al T AL ey H
o TR AR R, Bitd
YU =MREK, TFEEPER . BINIHIT
Ko TAEFLHERHLIKSIRE AN, ATSE
P AR IR .

ERFPL TSR, REEHITHEIARE
BEHPERIESR, R BIMLEE R R G A% L0
§4; EHREENE TR IRSE, #irLT
OLBEME, HEERELHRB N 2 MRS
PRI ERK rh B B R R . Bk B, &
HEIE HWLF Y B A HE AL AR RRES s 2P il
Plash Mz shiER kR, MR 4RIITE
KRR, M SIS A BT SR
WE, RS OURERD B shiA % N EE.

2 REFJFR

2.1 ZEBWIERRSE

AR RERAT 32 fix AR DSP i#%
) 2% TMS320F2812, #hifitéh 30 MHz, T4E
$i% 120 MHz, ¥ J8 RS-422 B0, BEEHH
it F1, TMS320F2812 Al R & H C/IC++4iiFE#sIT
%, s T AL #YE & 4 DSP/BIOS,

TAE SR, B R L e I RS-
422 @A, REI. BT LB EE, mE
HL LS A2 By M ALE SRS, S At ko8
SRk EL, SRR RS, MimekEE 2

ANEPLE ZALE R RORE . TR A

KHIBHE . REE T RS-422 et b5,
22 IREZETIhEES R

MR R GRS UK L S T B #2 s
TAeRa e, SR LAY ER, FEWE
Bl FWREE. EWREH. RStk
ZESR, ik, EHMTHASFETRAEUT 6
AES

D WHIET IR AL, i TSR
Bk, Jrim, SERUBKPSMAT ;

2) RIS SR A AR s, BRIAA Y
AR AL E 5

3) TR ASNEBES, BETHIEEA
BUE TOUX R BRI 1L 5

4) REWEREVENLE, BRI
# BUUE SRRk PR, e RlET siAE

5 WIEESHIPLA LO Sk BR R H B3R
00 R R O VAL QUL+ GO SR AT R %S
BR, FLOEEREM;

6) W ABEH AN LoLEmS, H
(RN RIPUY iy i

3 Bt

3.1 DSP/BIOS ®&4¢

RSLEE ERE SRS TR S
B, TR RN SR EIREThRE, WS
B, TR EMER, THATREGEET
SR ZAE SRR, RAT T ARBRARE
BHRAE & 45 DSP/BIOS,

DSP/BIOS 45 PL AL ) SC B pR B . SEAT#
ERGRS . ZHMEETH, Lt TR
% . DSP/BIOS 3L T — M EFREEM ALK -
SRR, ESRAEULBINAR LM, &
PR LR W] LU O RAIL SRR I T -
DSP/BIOS H#Z L 5E R M H BRA 4 KL HE . &
Al HWL, Sk SWI, 4£4 TSK., &4
2 IDL, LA KR RIRAMEAT 5 45 B B 8 44 2 Bt
CLK. #fFER PRD, Hh CLK 2 HWI 254k
&, PRD & SWI AL
32 E&uUS

Xt F DSP/BIOS, {E5 2 bik 4 95 6 Fi4k
o RS, B LR
43R

1) #EfER CLK Motor, [EEEEZ N clk-
Motor, ¥ 2.5 ms, 7=/ 400 Hz Bsf4h, 9Kz
WHIRIE RS, RVET 885 AL Bk

2) A% W SWI_MotorRepos, 18] p& (4%
4 swiMotorRepos, M HAUYH ST A L5
% B T EEE B Bl R, SER T L
VI LIRAE .



72 koM 20124F 10 A

3) %4 BF PRD_Power, [B] 17 A2 N CLK CLKMotor
prdPower, JEIHA% 500 ms, FESRA) T O HE E
B B LSO, P
4) {4 TSK_MotorReposO, [B] 1 bR %2 K : — =
tskMotorReposO, 447 BT 15 2% B sh I &€ ; pres 3 -
£ % TSK_MotorReposF, [l BE¥4 4 tskMotor— ‘T—SK_RiCSESfUOWQr HEEEEEEEE
ReposF, PUTEEHETI#S B3 EHIE . @e-m
FHIERFEH XL BRERE (FE5) , SEMRepost
AR

BESZANKRSIE 1. ML TR R R

Fig. 1 Task hierarchy of power regulation process
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Fig. 2 Pulse distribution process of regulator stepping motor
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Fig. 3 Process to restore regulators to rated position
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Fig. 4 Process of power calculation and adjustment
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static const UINT16 sc_wPhaseTbl
[MOTOR_PHASE_MAX] =

s_1OPhase++; /* Next phase */
if (s_iOPhase >= MOTOR_PHASE_MAX)

{
s_10Phase = 0;

}
else if (MOTOR_DIR_DEC == s_iODir)

{

/* Check the " 0" contact, stay there if

{ reached, moves on if not */

1,5,4,6,2,3 /* Positive coils sequence: A,

if (REGPOS_REACHED_NOT ==

AC, C, CB, B, BA */ REGPOS_00)

}s
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// Distribute pulse: motor of oxidant regulator

if (s_wOStepCnt < s_wOStepSet)

{
/* Set s_wMotorsStat bit 0, atomically  */ 1;
ATM_oru (&s_wMotorsStat,

MOTOR_STAT_BUSY_O) ;

/* Get phase/pulse for this turn*/
if (MOTOR_DIR_INC == s_iODir)
{

{
s_iOPhase——; /* Next phase */
if (s_iOPhase < 0)
{
s_iOPhase = MOTOR_PHASE_MAX -

/* Update pin states of each coil ~ */
PORT_MOTOR_O = sc_wPhaseTbl

/* Check the " 10" contact, stay there if [s_iOPhase] ;

reached, moves on if not */
if (REGPOS_REACHED_NOT ==
REGPOS_010)

/* Counts for next step */

s_wOStepCnt++;
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}

else
{
/* Clear s_wMotorsStat bit 0, atomically */
ATM_andu (&s_wMotorsStat, ~
MOTOR_STAT_BUSY_O) ;
}
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/* Sailing, for rated position, directly and
determinately
* as long as mamimum pulses exhausted or
reached successfully
*/
do
{
/* Move by preset steps  */
MotorMoveBySteps (MOTOR_TYPE_O, iSteps) ;

/* Wait for the movement to finish */

TSK_sleep (iStepsABS) ;

wPulse += iStepsABS;

/* Creditable to read regulator contacts: oxidant
*/
bStat = REGPOS_O;

/* Deal with states to capture contact 1/0 first,
then contact 5 */
if (REPOS_PHASE_1 == iReposStat)
{  /* To approach contact 1/0  */
/* Sailing, for contact 1/0  */
if (bStat == bLastStat)
{
if ((REGPOS_CONTACTI! == bStat) |l
/* Counts if reached  */
(REGPOS_CONTACTO == bStat))
/* Counts for 0 too  */
{
iCapCnt++;
}

else  /* Reset capture times counter */

{
iCapCnt = 0;

}

else /* Reset capture times counter */
{
iCapCnt = 0;

bLastStat = bStat;

/* State transfers if captured or pulses ex —
hausted */
if ((SAIL_CONTACT1_CNT == iCapCnt)
(wPulse > MOTOR_STEPS_MAX))
{
iReposStat = REPOS_PHASE _5;
iSteps = SAIL_P_STEPS;
iStepsABS = iSteps;
iCapCnt = 0;
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wPulse = 0;

}
else if (REPOS_PHASE_5 == iReposStat)

{ /* To approach contact 5  */
/* Sail on, now for contact 5, directly and de-
terminately ¥/
if (REGPOS_CONTACTS == bStat) /*
Counts if reached  */
{
iCapCnt++;
}

else  /* Reset capture times counter */

{
1CapCnt = 0;

/* State transfers if captured or pulses ex—
hausted */
if (SAIL_CONTACT5_CNT == iCapCnt)

{ /* Captured successfully */
/* Set regulator to rated position: oxidant
*/
iSteps = gwNnO — iCapCnt * iStepsABS +
1;
MotorMoveBySteps (MOTOR_TYPE_O, iS-
teps) ;

/* Wait for the movement finishes
if (iSteps < 0)
{
iSteps = —1Steps;

}
TSK_sleep (iSteps) ;

/* Set flag: finish normally  */
wResult = REPOS_STAT_PASS;

}

else if (wPulse > MOTOR_STEPS_MAX)

{ /* Pulses exhausted but still not captured

yet, timeout */

wResult = REPOS_STAT_FAIL;

}
} while (REPOS_STAT_NOW == wResult) ;
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