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4.3 BRREFRITREENRBD
4.3.1 ERTHERERF T
K H LL 2 ADC+DMA 77 2R BE /R Jo - th B HEAT TR, 3% BB A IAE 2
A EFREF A . STM32F407 ) ADC B 8 PCLK2 (84MHz) J3 A=A, #54
I I AR Tus, 24 ADC (R4 NIl 14MHz B S350 R A6 B o 3X BN RS
J&, % ADC % NE I REL 6 73 ARALEE, 2% ADC Sy 14MHz. [FIR, 25 fE 3
B R EAEHI AR 109 10KHz,  HUm S 540508 10KHz  (J& ] 100us), N
— AP D TR 20 A BUA RREBCONHER IR T ITY, MR R A 2R A F)
200KHz, 1545 3 ER ARAERT Ry Sus,  HI et F] 2 20
Tcony(cycles) = Tsaypry + 12.5
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132 Teampre(cycles) = tsampre * fapc — 12.5, ANHHEATRAL A HAL A
AKRF 575 DA, XHEFE 28 Cycles. LL % ADC A1 DMA A 4A 1L & H LA
S FH 226 JE 1 F AR I ADC B2 HUE ARG R .

void ADC HandlerInit (void)
{
LL DMA SetMemoryAddress (DMA2, LL DMA STREAM O,
(uint32 t) &adc_value);
LL DMA SetPeriphAddress(DMA2, LL DMA STREAM O,
LL ADC DMA GetRegAddr (ADC1, LL ADC DMA REG REGULAR DATA)) ;
LL DMA SetDatalength(DMA2, LL DMA STREAM 0, ADC_ CHANNEL COUNT) ;
LL DMA EnableStream(DMA2, LL DMA STREAM 0);
LL ADC REG SetDMATransfer (ADCI,
LL _ADC REG DMA TRANSFER UNLIMITED) ;
LL ADC Enable (ADC1) ;
LL ADC REG StartConversionSWStart (ADC1);
}
~_ STATIC INLINE float ADC GetRaw (enum ADC Channel channel)
{
return (float)adc value[channel];
}
// result in mv
__ STATIC INLINE float ADC GetVoltage (enum ADC Channel channel)
{
return
(float) (_ LL ADC CALC DATA TO VOLTAGE ( LL ADC CALC VREFANALOG VOLTA
GE (adc_value[CHANNEL VREFINT], LL ADC RESOLUTION 12B),
adc_value[channel], LL ADC RESOLUTION 12B));
}

4. 3.2 B RAMMEHIREFIR T
FETT G, JATIESE T MERFETT 2, XA 7 AT ZEIRATAE PUM
TR BV i e P b B EAT R AR, i AR RE 48 Y ADCHDMA SREEH S, B
FIBEE . MR 4. 3. 1 SR 4R Tl A5, IRIMEHE SR 20KHz (A
50us), ML RAEARFRIAF] 400KHz, SKAFRFERS LA KT 17.5 AN FEY, X
B PERURAE AW 15 Cycles. 25— Pl AR R R AL 225
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PG, PO HEJRTCA 080 2 e B KRR LB K/, ST TF 9723 2 oy FE T B
PR BN RO R (LA mA .
// result in mV

__STATIC INLINE float ADC GetVDD ()

return
(float) (_ LL ADC CALC VREFANALOG VOLTAGE (adc_value[CHANNEL VREFINT],
LL ADC RESOLUTION 12B));
}
// results in A, I = U / (R * gain) because U = I * R * gain
// R =5 mOhm, gain = AMP SENSE GAIN, mV / mOhm = A
___STATIC INLINE float ADC GetCurrent (enum ADC Channel channel)

// Get mid-ref voltage first

return (float) ((ADC_GetVoltage (channel) - 0.5f * ADC GetVDD()) /
(5 * AMP SENSE GAIN));
}
___STATIC INLINE float ADC GetCurrentmA (enum ADC Channel channel)

return (float) (1000.0f * ADC GetCurrent (channel));

BRI RAUE S, EREIREF NG E RIS 1k, 5 BT B[ ADC
RAEIHIE, BWEER. G ERGIE . AR RURIB ISR & B I H A, e
T A PO IO PR R BB 90 5 21 BRI S ) FURAEL,  FFAEAT PID 5
void control init (void)

{

Coil Instancelnit (&Coil X Pos, TIM1, LL TIM CHANNEL CH3, TIMI,
LL_TIM CHANNEL CH3N, CHANNEL AMP X POS, 1); //

Coil InstancelInit (&Coil X Neg, TIM1, LL TIM CHANNEL CH2, TIMI,
LL TIM CHANNEL CH2N, CHANNEL AMP X NEG, 0); //

Coil InstancelInit (&Coil Y Pos, TIM8, LL TIM CHANNEL CH1l, TIMS,
LL_TIM CHANNEL CHIN, CHANNEL AMP Y POS, 1); //

Coil Instancelnit (&Coil Y Neg, TIM1, LL TIM CHANNEL CH1, TIMI,
LL TIM CHANNEL CHIN, CHANNEL AMP Y NEG, 0); //
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Coil InstanceInit(&Coil LT, TIM8, LL TIM CHANNEL CH3, TIMS,
LL TIM CHANNEL CH3N, CHANNEL AMP LT, 0); // ALT 2, PC8 & PB15,
TIM8 CH3 & CH3N, ADCl IN9

Coil InstancelInit(&Coil LB, TIM9, LL TIM CHANNEL CH1, TIM9,
LL TIM CHANNEL CH2, CHANNEL AMP LB, 1); // ALT 3, PE5 & PEG6,
TIMS CH1 & CH2, ADCl IN12

Coil InstancelInit(&Coil RT, TIM8, LL TIM CHANNEL CH2, TIMS,
LL TIM CHANNEL CH2N, CHANNEL AMP RT, 0); // ALT 1, PC7 & PB14,
TIM8 CH2 & CH2N, ADCl INS8

Coil InstancelInit(&Coil RB, TIM10, LL TIM CHANNEL CH1, TIM11,
LL TIM CHANNEL CH1, CHANNEL AMP RB, 1); // ALT 4, PB8 & PB9,
TIM1O CH1 & TIM11l CH1, ADCl IN13

Coil CurrentPIDInit (&Coil X Pos, -450, -50, 0, 0.005f,

AT8236_MAX COMPARE); // HMIZGLHLVL PID, REIERIS AW #itHy 0.005

}

void control loop (void)

{
// Inner loop, 20 KHz

Coil UpdateCurrent (&Coil X Pos); // HUBTHLIRAA, I JE 4%
Coil UpdateCurrent (&Coil X Negq);
Coil UpdateCurrent (&Coil Y Pos);
Coil UpdateCurrent (&Coil Y Negq);

if (control state)

{
Coil CalCurrentPID(&Coil X Pos); // iFE AN pID i
Coil CalCurrentPID(&Coil X Negq);
Coil CalCurrentPID(&Coil Y Pos);

Coil CalCurrentPID(&Coil Y Neg);

}
4. 3. 3 B/RALE AMEHIFE P 1T
FEIEHIGEIA T, Send B R A IR I AR (B AT — PIMIE e B, A &
IR, A% SR R 0 B o 0 3 R X [ el P L 2 Pl i o <52 DK B T ) R VAR
6, MBS LT .
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if(timer 2 >= 1)
{

// process outer PID, 10 KHz

Hall X Offset = LPFilter GetOutput (&Hall X Filter,
(hall x self test value - ADC GetRaw (CHANNEL HALL X)));

Hall Y Offset = LPFilter GetOutput (&Hall Y Filter,
(hall y self test value - ADC GetRaw (CHANNEL HALL Y)));

if (control state && floater state)

{

Coil Y Pos.set current = PID GetOutput (&Y Axis PID,

(Y INSTALL OFFSET + Y Modifier - Hall Y Offset));

Coil Y Neg.set current -Coil Y Pos.set current;
Coil X Pos.set current = PID GetOutput (&X Axis PID,
(X_INSTALL OFFSET + X Modifier - Hall X Offset));

Coil X Neg.set current = -Coil X Pos.set current;

}
float PID GetOutput (PID TypeDef *pid, float error)
{
uint32 t timestamp now = get micros();
float Ts = (timestamp now - (pid-> timestamp prev)) * le-6f;
if(Ts <= 0 || Ts > 0.5f) Ts = le-3f;
float integral = 0.0f;
if (pid->enable integral) integral =
_constrain((pid-> integral prev) + (pid->I * Ts * 0.5f * (error +
pid-> error prev)), -pid->limit, pid->1limit);

else pid-> integral prev = 0.0f;

float output = ((pid->P) * error) + integral + ((pid->D) *
(error - pid-> error prev) / Ts);
output = constrain(output, -pid->limit, pid->limit);

pid-> integral prev = integral;

pid-> output prev = output;

pid-> error prev = error;

pid-> timestamp prev = timestamp now;

return output;
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