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1. SEIEEM
(1) B3R BT TR B LR b R, FAR S A5 et
(2) HEREZ AR NI H] R, PRAE clark 2R ¥ AN park 284 ;
(3) T fi# Dsp izthlgE CCS TG SN Fik. (35S L 5 e 8l 72,
2. SLIG[RIE
2.1 ERTCRI LS BB
2.1.1 ¥ mBES T

DC+

. PWMS5 Q1 Q3 Qs
PWM1 A
} g} g}
PWM3

355 thi| 23 | Pwwis PWMS

IGBT
PWM2 | %z | PWM4

PWM2 _
- PWM1
PWMO ; a\’
Q2 Q4
DC

Qo
TR G IR A \ dh

E/Rfts%C o

B 2-1-1 H&E R4 %6 BLDC 5442 B

AVEH RS ORE: =614 R dl. DSP. PLC %%) . IGBT 4K35) 4%,
Mol CRMAENT) R E R, 8RR SE . R o B L
THIRIALE, X € TABEHT AR, TR 6 Bl mYy, B a1
EEZ P

A LIRSS 7 RSB R ARE T — WA 228 e bl = A E
IREEE A By CORAEBIPUR I IRIUL TRIRALE R B = Wi 6 Do)
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K2-12 6t TaBELT XNFEH (LH4eds)

e B 2-1-2 1707 2 FI , = ARSRAL LR P T B & B 2 18 18 (I
¥ezlh, TR AR, 8 T s a.

BEAI T B AL, 42 1l A 1] B Y B K A Sk i A AR A0 B 7 SO AR ) — ol
Wt lds, el DA RO S WSE I B R SR B T, AT I [ 370 T R IR A JK
we g 1, A I EE R, 0. KA EAR AR AT R LA H TR
BN, REF T NI E R AR, R RS S . W 2-1-3 PR

ISR — R R AR R SR I e T IO B, =5 NI AT SE /R AR s
HI AR AR 2] e I, HAr 8 IR 2 N RIZHT BT R AR A . K
RO, H AR IR RF SRS RA WAy S RIFiE 2] —EHI,
Hhi A B ONBUIRES . A2 S TN S ARAG MR SR BT sy (IR 4%
5 50%. WAL T xR, U FEAL S — R IR AR T A A S A R TR
o
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B 2-1-3 EREFTER

BEHE A QER U TR, 3 ANE R RS =128 6 8
HIRE AL, A 2-1-4 Pr7s. BLDC HUBLAR e 5o B A I a8 FK ) e /R A% Ik
#r, HEREEH S MCU AR 8. w] DUE AR — AT F I B P ARk o
THREM MCU [ 5] JE N HaE

N TR RIS, R s LR TR (S R, 4% B X e a) It
Fe, XE T BN A By C =AERRIN PRI ATl e i, it
BT leRe . — AR ARINEh b L) T O = AR R AR IR . IR S5 T
e I R AR IR ML RS, e R — s TE S, IREX =R
ARG SIS, WA B 5E T Se 4L 45 A (1R B o

XF SR ) = A AR AR ) BLDC HIL, A 6 NANFEM LAEIX 8], &4 X (8]
O REE AR SR ALE i . BRI A], AR D SR 4LE R AR IEAR (R EE A SR
H) » BoAGHERGARBRM TR, H=AE T RN FERHE T
LR Pl LR R G e 5 2 TR A AR P AR ) o LR R (L H BILAE P A B3 152
MAE L AT 899 D8 7 DREFHNLFL S, HE 1SR4 25 18 7 AN W7 A2
P, POAYTRIA%E 55E TR AT T 1A iR . BLDC HFIHLEL =€ T 5ed
B —Fe (1 DR T BN, MR BB gs e T oe4Uin .

Fer ARt 60° UM, T EHA - NEIRMEEES IS BCRRE, B,
SR TE N ERPHEAT, &L 600 RAEMBERDIGR K. (—
A FEL A TR BE AR BT Se B B R T AL S YT, SE il R s B R
FL PR SO R T 3 T RS A B D R 1 A e 1) 5 58 A A L B
Wb, 7 (R = e SR e AR o K, RIS A B0 i eyt R BE R AS S (1Y
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|
|
N | | I
| |
— : |
| | | |
| 1 |
#R2 ! ' : l
| | |
T | -
| | | |
——l |
3 ! !
| I
| pre——
[Lid] l 10 100 110 010 l on [ 101 100 I
|
|

B 2-1-4 FRAREH B AETREZR
FEALIR B HL B T ] 2-1-5 BTz o

B 2-1-5 EHELHETE

LA by U T I B e d ik, RN e A, AR 2-1-1. anRgdail il
BT BT liehe , 125K 2-1-2.

% 2-1-1 (MOTOR _DIR==0) i# i 4t7% # 45 %) 2L4E

FERAR IRAR N AHHL PWM {55 R%&
1 2 3 A B C pwml.CmtnPointer
0 1 0 DC+ x DC- 0
0 1 1 DC+ DC- K 5
0 0 1 x DC- DC+ 4
1 0 1 DC- K DC+ 3
1 0 0 DC- DC+ K 2
1 1 0 x DC+ DC- 1




HLAL PWM 511 5 R Bl v B S 00 48 5
% 2-1-2  (MOTOR_DIR==1) JIf i 4} 7% 4% 42 ) #L4E

B R AN FHHE PWM {5 5IR%&
1 2 3 A B C pwml.CmtnPointer
1 0 1 DC+ K DC- 0
0 0 1 K DC+ DC- 1
0 1 1 DC- DC+ x 2
0 1 0 DC- x DC+ 3
1 1 0 x DC- DC+ 4
1 0 0 DC+ DC- x 5

2.1.2 B

W E 2-1-6 flizx, ENSEE EA7HL Matlab A FIFEFT

P BT EBAE: BLDC HALK RS 3, SR A — > ok R w3 A s ol ik v
BEHR R RA, (AR IR, N BIRIVE /RIG 5 RARBEL, =4 — AN g i
W RE RGE SN BN DA, AT GRRES). BAVBERE G, BI/R1E R
PR R A — AR EAL, DR B FUSEEE SRR RS T

B 1 B € S % I HIL REF, M H mmpl B4 — AR EIZ %1 H
FE, rmpl B — AR EAL D) B IR PID 1A

B 2 BAIHLS € S % 1 B REF, 1 mmpl A — AR EIZ %1 B
PRE, rmpl FEERFE AR — AN B A V) B IR E FE PID A

Note:
S~ Packet In1 Outt How to run this demo:
(\1/) 2 Input 1. Connect the Hardware comectly.
) Speed 2. Build all the demo
MODEL Goto . Packet Input cilcdate 3. Start real-time code
(2) Standard Devices 3 - single_out -
&) Serial Port [4h] (H) ( [D (E)
\ {
In Out|—p{Period  Out|—— PWM1A A In
Po
CminPeriod. Target Q\o——anglnpul Counter — Ci zwwm;i Out

YYVVYY

L
BF—»{In1
Lo

o
RC3 IMPULSE
Manual Switch
= MOD6_CNT DuyFunc  PWMIA ¥ & - ide
PWMDRV 3-Phase Inverter BLDC MOTOR
» FB_idc PID_SPD  Out > In
PID_idc  out
FB_idc
pid_spd
pid_dc

Speed s HALL_DRV

Y \
(7) (6)
| peed In —{out HALLA
HALL_B
close flag HALL C

B 2-1-6 A AA] LA Matlab 324142 5 K @
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#asimplusefkih 1B ETE SR
i e rmp3F=E—p o | EEEHRIR s
il B e > g memEe | MODECNT MAC [
* RO

Eiéﬂ‘fiﬁééﬁ >

L =t
5, ERfER
rmplF=E—p BiEhr=E— | FElea R

a i TR - : RIS
el - il —
e T, FERPID ey
= TiEE
FPIDiEHR
Lt ) )
MODEL#EE rmplF=tE—4
SRR
. ERERE
HIEEa Tz il ||  mmPD | =m0 e
Bt HfiEshE
* EEFEPIDE

®

S Powered by WPS FlowChart

A 2-1-7 A2 f ot iRAL R
Ok AR, B 1 yimap s, Bk 2 R =]

switch (model)

{

case 1:
SpeedRef=ref_idc;//HBinFrEHl
break;

case 2:
SpeedRef=ref spd;//i® E Iz 4
break;

}

K 2-1-8 # X CCS A
@RC3 RIBACAD e, 5] PWM BT G 20, 249 b 2 LUk ek /N, HLE
.

rmp3.DesiredInput = CmtnPeriodTarget;
rmp3.Ramp3Delay = RampDelay;
RC3 MACRO(rmp3)

B 2-1-9 PC3 #HK CCS 42/
Ok ARSE, R — MR T Bk 4s MOD6CNT_MACRO itk

impll.Period = rmp3.0ut;
IMPULSE_MACRO(impl1)

A 2-1-10 Ak CCS # 5
@FEHME SIS, B SPHAE 5.
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#define MOD6CNT MACRO(v) \
\
if (v.TrigInput > 8) Y
{ \
if (v.Counter == @) /* Reset the counter when it is 5 */ \
v.Counter = 5; \
else \
v.Counter--; /* Otherwise, increment by 1 */ A\

h

B 2-1-11 #41E5 CCS 425
G HERACEE, REAEBNIHEA, MHERIIR,

if (pwm1.CmtnPointer == 0)
DCbus_current=-(_1Q15tolQ((AdcResult. ADCRESULT1<<3)-IDC_offset)<<l);

B 2-1-12 ®AHLRAF®IR CCS 42 /5
O 5t , REERILEIET.

#define HALL3 READ MACRO(v)
v.CmtnTrigHall = 0;/* Reset trigger, it only handshakes with calling program.*/
if (v.EdgeDebounced==0)/* Debounce current position. */
{
HALL3 DEBOUNCE MACRO(v)
v.CmtnTrigHall = v.EdgeDebounced; /* Set Commutation trigger here*/
telse /* If current position is debounced, find match in table */ \
HALL3 NEXT STATE MACRO(v) /* and return pointer to current state. Ptr
to be incremented*/
/* by MODO6CNT after RET.*/
v.EdgeDebounced = 0; /* Reset trigger™/

B/ 2-1-13 5 #Hrd CCS A5
OV EHENLEE

#if MOTOR _DIR ==
if ((pwm1.CmtnPointer==2) && (PreviousState==3)&&
(halll.CmtnTrigHall==0x7FFF))//mod_dirl.Triglnput halll.CmtnTrigHall==0x7FFF
&& (modl1.Triglnput) 5 4
{
//a=400;
speedl.TimeStamp = Virtual Timer;
SPEED PR _MACRO(speedl)

}

B 2-1-14 &l B it H
2.2 THARAREAHL Clark/Park ZZ#t

2.2.1 Clark/Park Z5#: 48

R ARG, Bk BHLRERAIE R Nsh& Saas e, HARA R Z
Wl & A LI ORI X IR Ta, HIXWASERMSLH) . thoh, mmiE

7
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(Tm=Kr ® la) S5HIEOFEMKEI [a 70 A IEL R R KL, Al g ).
WA B AL, SR AZHR LS 2 6 B3 5 A AL, 7 3B n A
], BInTE S iU A S B LTI E Rt . SNk, 2k —MA2 AR
m (RE) BRASZE8MERE (rmE) , @R FENINERA, R
J F% B AL 4% i D v kAT 4

TEAF O 3 ) 7 VA i LR, 75 @ S A AR IR FB AL & R0 A2, 1 A Clark
A Park AR5 R BEAT AR I 0 DARE I o 5 S 3RS IAR AR B ATL P RO RG 3 23 A7 an ]
2-2-1 Fios e A2 TAR IR EBALBIWEIS 77 1A R IE5Z W63 . T Ul Ve W =M B
A ias T ico

PMSM

Stator Currents

Ihs

Stator

A 2-2-1 RAAR EALE) 5

MRAAEAC AR IR LA, AR RO MR(E AR S5, AL A A A 22 1200, Fr ARl 45
U LLE B0 S IR IR 25 AT B iR IE 3

Iqg = iy Sin (wt) (2-2-1)
iy = Iy Sin (wt+%) (2-2-2)
i = iy sin (0t +%) (2-2-3)

Hrh, OFRINHIMANE, i RnHERIEE. X =AN R 2S (8] 1 & 5040 U
K& 2-2-2 Frso
AL

iB

14

Ic

B 222 FEmALAKESHE
8



L PWM 1 5 ) P S
TN =R KELT Clark Z2He CFf abe 22 BIEH IR oBAAFR R T

AL

IB

Ic

K223 Rk ELHRREZHE

B Bla. PRl BRI

Ll o1y L 11
[ﬂz 2 "2|.[3] & . 2 2
L O T 1 1 i R P I
2 2 2 2 (2-24)

BT (2-2-1) « (2-2-2) v (2-2-3) . (2-2-4) BEETA[HD:

o>

{ =@ + )3

Horri, i R A I =AY KR e bkt T Fon. N TS E
TR, T YE b REE RN T, FE BT B R S s, W
ANEALIRI, K IR i AARR RN T LRI sh A bR R . BER TR AR (LI Sed
L7 A IR T SR RO e i3y, T D Gt LR RORTE iR ik A bn R b o 7
TUEAR KR RIEAT RGBT Park A (HEapAAFR RARH R IER dq
ABRERT) , T 2-2-4 AR

K 2-2-4dq & #%
9

(2-2-5)
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Sz G DA
-sin
- COS

.cOoS +
.sin +

(2-2-6)

2.2.2 B

P AR LTSS, Beft— A3 T3, SRS HME, @ BAryiad
B2, kP, B0 BoORHERMEE, X EAHLERIA PID, % E HIR
B2, MEANERSHERE iq ref. B 1 T EE, Wy BRI
K PID, WEHEEASEH, SCAFMNSHEEE spd ref. B 2 KRR EIFE
B, Xili LWL E IR PID, WEAMERSE, SRS HEAEE pos ref,
PR HE B an 2-2-5 Fos.

- N
s 9 ENEE
#20 [ @D >
\
tiopsgE | o) | gkl | SRED (e HERRD [ | SR
S =]
raitlﬁ#
g2 (| mmEeD [ mEweD [ mERPD —
“

B 2-2-5 A2 F iR ARAE B

Note:
How to run this demo:

Packet

PID_POS Out

PID_POS

"
1@'@

1. Connect the Hardware correctly.

2. Build all the demo.

Input
P Speed
pee 3. Start realtime code
Packet Input el single_out
Standard Devices =
©)
i —~ o 2
pos () (5) (6
In PID_SPD Out In = = ~
PD1Q oy IPARKQS
—»FB.QS ipark_Alpha »{svgen_dq_Ualphy M-~ A_phase la
PRSP IPARKDS PWM_B #{B_phase b
PID_IQ
©) Angle  Park Beta /gen_dq_UbeWN_C _phase  Angle [~
ek SVGEN MOTOR
»FBDSPDID  Out|——
= ~
PID_ID ® @
& clarke_As larke_Alpha  clarke_As
clarke_Bs larke_Beta clarke_Bs
rk_Ds Angle 4_1 clarke
PARK

B 2-2-6 AR EALZ IR HALF R\
O ERE, 1 NI, 2 NEER, 3 NEH.
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switch (model)//AEsi—HiEEr, B RER, HX= (B

{
case 1:
{
SpeedRef=ref iq;
break;
¥
case 2:
{
SpeedRef=ref_spd;
brealk;
¥
case 3:
{
SpeedRef=ref_pos;
break;
¥
¥

B’ 2-2-7 #£ X &4 CCS A5

@PID #£/5, PID 3% E .

pidl_id.Kp = _IQ(recbuff[1] / 100.8);//kpEEIiEE
if(recbuff[2]==0)pidl_id.Ki= IQ(@);

else pidl_id.Ki = _IQ(T/(recbuff[2] / 200.0));//kiZ#FE
pidl_id.Kd = _IQ((recbuff[3] / 10000.0)/T);//kdE LT E
pidl_id.kh = _IQ(recbuff[4] / 1.8);//F*

ref_id= IQ(recbuff[5] / 100.0);//IDEHIE

pidl_iq.Kp = _IQ(recbuff[6] / 100.0);//kpZ &I E
if(recbuff[7]==0)pidl_iq.Ki=_IQ(@);

else pidl_iq.Ki = _IQ(T/(recbuff[7] / 100.0));//kiZ#FE
pidl_iq.Kd = _IQ((recbuff[8] / 10000.0)/T);//kdZi1iEE
pidl_ig.kh = IQ(recbuff[9] / 1.0);//IDEHIE
ref_igq=_IQ(recbuff[10] / 100.0);//IDIEH &

& 2-2-8 PID 4% 5
GPID i, #J% PID.

#define PID_MACRO(v) /* PIDHyiE */ b

v.Err = _IQmpy((v.Ref - v.Fdb),v.kh); /* Compute the error */ \
\ v.Up= _IQmpy(v.Kp,v.Err); /* Compute the proportional output */ X
\ v.Ui= v.Ui + _IQmpy(v.Ki,v.Err); /* Compute the integral output */ \
E v.Ui= _IQsat(v.Ui, v.OutMax, v.OutMin);
b v.Ud = _IQmpy(v.Kd,(v.Up - v.Upl)); /*wei fen*/ \
i v.OutPreSat = v.Up + v.Ui + v.Ud; /* Compute the pre-saturated output */ A
' v.0ut = _IQsat(v.OutPreSat, v.OutMax, v.OutMin);/* Saturate the output */ by
: v.Upl = v.Up; /* Update the previous proportional output */

#endif // _ PIDREG3_H__
I

& 2-2-9 PID £ #4255

@1Park 1k, Park AF )i Az #e

11
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#define IPARK_MACRO(V) /*1PARKZs#: , PARKISH A E i * /

\
v.Alpha = _IQmpy(v.Ds,v.Cosine) - _IQmpy(v.Qs,v.Sine); \
v.Beta = _IQmpy(v.Qs,v.Cosine) + _IQmpy(v.Ds,v.Sine);

#tendif // __IPARK H__
K 2-2-10 CCS A2 /7 F #9 TPark & #%
G5 PWM 75 L,
[ S S e e S S e S e S S S R S e S R SR SRS S e e S S DS S
// Connect inputs of the SVGEN_DQ module and call the space-vector gen. macro
R
svgen_dgl.Ualpha = iparkl.Alpha;
svgen_dgl.Ubeta = iparkl.Beta;
SVGEN_MACRO(svgen_dql)
B 2-2-11 # 5 PWM & =t CCS 5
©HHL = MmN E.
N e e e ae e S oes S SRR SIS S
// Connect inputs of the PWM_DRV module and call the PWM signal generation macro
R I s e s e e L el
pwml.MfuncCl = _IQtoQ1l5(svgen_dql.Ta);
pwml.MfuncC2 = _IQtoQl5(svgen_dql.Th);
pwml.MfuncC3 = _IQtoQ1l5(svgen_dql.Tc);
PWM_MACRO( pwm1) // Calculate the new PWM compare values

EPwmlRegs.CMPA.half.CMPA=pwml.PWMlout; // PWM 1A - PhaseA
EPwm2Regs.CMPA.half.CMPA=pwml.PWM2out; // PWM 2A - PhaseB
EPwm3Regs.CMPA.half.CMPA=pwml.PWM3out; // PWM 3A - PhaseC

K 2-2-12 ®AL =48 N ¥ & CCS 425

3. LIS BB,
3.1 HR TR B P EA LR PR
3.1.1 &EXWR IS

1. EeMEE 3-1-1 fraflidsk, 485 pwml.CmtnPointer 37~ 24 B G841 FER

friE (SHEE 0~5) .

pwml.CmtnPointer = 0;//State s1:
pwml.CmtnPointer = 1;//State s2:
pwml.CmtnPointer = 2;//State s3:
pwml.CmtnPointer = 3;//State s4:
pwml.CmtnPointer = 4;//State s5:
pwml.CmtnPointer = 5;//State s6:

B 3-1-1 iR 7 e Rk

2. MBI 3-1-2 fiiax, A8 & halll.HallGpioAccepted 27 Nt 2 /R A% B 2a 1)

12
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HIX (SHTEE 1~6) .

halll.HallGpioAccepted == 5// 1] % 1 Fr Ab 7 B 25 5

IRAR AR AT N B8 51X

halll.HallGpioAccepted == 1// 4 {ii % 1 JIT b7 B 28 FH 7R A% S8 S i 2 1 [X

B 3-1-2 SaERERERK

#if MOTOR DIR = 0// Comment the following if-else—if statements in case of

// non—inverted Hall logics for commutation states.

if (halll.HallGpioAccepted == 2)
pwml. CmtnPointer = 0;

else if (halll.HallGpioAccepted == 6)
pwml. CmtnPointer = 1;

else if (halll.HallGpioAccepted == 4)
pwml. CmtnPointer = 2;

else if (halll.HallGpioAccepted == 5)
pwml. CmtnPointer = 3;

else if (halll.HallGpioAccepted == 1)
pwml. CmtnPointer = 4;

else if (halll.HallGpioAccepted == 3)
pwml. CmtnPointer = 5;

B 3-1-3 3 B4 i 4 i 1 ) R a0

FEHEAR IR 3-1-1. 3-1-2. 3-1-3 FronfUiSs 2 5, o Exs 7S 4 IR B 1) 45
fr, #£ CCS 12 AT BLDC_SD (WLt AD J&, 4TJF main.c 3, fEE] 3-1-4

PR F RIS SR N D AR LSO O A (B TR A% D) -

(U i Crl+F 4% MOTOR_DIR #H475E 7. 2% AET H L D448 H 1

SIS E ALY MOTOR._DIR==0;

(2) MWL H I MOTOR _DIR==0 465, 454675 Hbim JFE,
Jf HIH5 th MOTOR_DIR==1 WAL AT, F4E LSO/ B 2t MOTOR_DIR (1)

MAE, SEOLHALR A .

947 El#elif MOTOR_DIR =1

948 [E1// Comment the following if-else—if statements in case of
949 // inverted Hall logics for commutation states
950

951

952

953

954

955

956

957

958

959

960

961

962

963

964 | #endif

965 }

// Halll.CmtnTrigHall == Ox7FEF
// ClosedFlag==TRUE

B 3-14 HB R p i Koo KA

13
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3.1.2 RLRERELER

A

s B A USB £ 0 F kAR,

CNI1-CN6 45 L ANSCRpls Hiddidh, RS VIS di .

1. ZRB%%EH:: CN3 Fl CNS 4%, CN4 fll CN6 iEH:, USB 5 _AHL USB ##z.
TEIEH: USB BRI, BT F RS EHE —mdimO; A EEW A,
P4 - USB 2R W8 — AN 2 S8 BB, RS20 %, e SR
. [ _EHESIWT RS 23T o¢ L d, SIS P & THRAEZE K 3-1-5 Bk

A2 Y Ae AR AL
CNI CN2

BRI AL

PCHLfif . K
FHL :‘ DRV8301 IRz 5% [
'

CN3 CN4
= ah V3 S

. CNS CNé

B 3-1-5 mfrdEs

2. ¥TH CCS, & H3%“C:\ProgramFiles\MATLAB\R2015b\workspace\pwm
\BLDC” F ¢ A T.#% BLDC, TS AN¥ILHFE A.

IETRE R R T, R AR ATIZH, A RiElT, AR
M RBERER, W OA4TEITRE, A ERST. WK 3-1-6 Frn; HER:
—EEIFES A RESEKSA CCS T BLDC, FEHE=ASPEBIRFERF
M FREEITIRS

14
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File Edit View P, Tools Run Scripts Window Help
‘rR o~ [ EE, oj{,_uqaq‘:/_tg‘-f.ag) T LA

\,.::‘( =V Quick Access 1| B | B CCS Edit [Hg CCS Debug
4% Debug 52 L.ZE)L{'JV % ¥ = B | 9=Variables 32 6% Expressions 1} Registers =
4 % BLDC_SD [Code Composer Studio - Device Debugging] £ <% B | ¢ X%t v | m
a @ Texas Instruments XDSL00v2 USE. Emulator/C28xx (Suspended ©  Name e Valoe e =
= main( at main.c:131 0x3F6000 |
_args_main() at args_main.c:81 Ox3FBDES
= c.int000 at boot28.inc:248 Ox3F6C36 (the entry point was re
2 Texas Instruments XDS100v2 USE Emulator/CLA_O (Disconnecte
< e g
[& main.c 52 =]
133 // Step 1. Initialize System Control: -
« »
) Console 52 4L oB BEEE B -= 0
CDT Build Console [BLDC_SD]
=+++ Build of configuration Release for project BLDC_SD **+*
"C:\\tilieesve \utils\\bin\\gmake” -k all
gmake: Nothing to be done for 'all’.
==%2= Build Finished ==*=
i & || | | H ‘ Free License *

B 3-1-6 7 A R&

3. 7JF Matlab, FJJF H “C:\ProgramFiles\MATLAB\R2015b\workspace\
pwm\BLDC” ' speed_control #£/%, WK 3-1-7 7w

, 0 =
=1 New Variable Analyze Code oE Preferences. ) .
g E T
[ Open Variable = > Run and Time. (5 setPath
Simuink  Layout Add-Ons  Heb = Request Support
. Deta " Viorispeca ) Clear Workspace ~ @mw Lbrary > ]]l[Fm!el - = = i)
| VARIABLE CODE }S\IILILINK IRONMENT ‘ | wl
e EHE ™ » C: b Users » HITSZ » Documents b MATLAB » P
Current Folder | 4\ Open — S—— =] ®@ | Workspace ®
Mame 3 7 Name « Value
BLDC <14 |[ ==510
- @U"" [ [ B - [4][ Z=a0c 2]
B L speedcal| mn . grmgus - @
= untitled_s| : - B
1) spesd o 4 zw E=] oy
) tiees c200] | m 3z
Aticcs 20| & e ) W BLDE SO
‘ . common 9
s I (D) ) dmelib 2018/12/23 8:59
o FURER (E) 01841223 8:50
o FEEEE) | [t speed conrol ,__;_\Iﬁ :f% flEIEmmk Modsl- 408
- EIREE G)
& mE 1
MHE(N): speed_control v |All MATLAB files -
Y —
Earsi(o)]
Details ~ P —TT—
11+ Ready

B 3-1-7 Matlab #4475 B
4. FTHRE P A2 e e AR, b 3-1-8 pros;
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. N Jrm (S| A AT
@ % 58 L@ + Users » HISZ + Documents » MATLAR » " ‘M;"f}ﬁ‘f :,{]}(_J i53Ye ﬁk ’IE_ .
- S TN D NIEA —k =
Current Foldeg ———
#} speed_co " [F
. Fle Edt View Display Disgram Simulation Analysis Code Tooks Help a
HZdsa o e-afy o 3]0 u-
speed @ speed_control
Y tices <2
,.—jﬁ:"_ A © Bpecdemiad » Jyz\'\ /TI-J" ,fu:u- -
@ Paradox BLDC Control Motor - PC software
a Note
= Packet mt ot =] How to un thisdemo
a Input 1. Connect the Hardware comectly
2 Build all the demo
N S TRt g cakuate S 3 Stan realtime cade
1] Standard Devices singke_out
in Ou Period  Out f——- PWMA I Ap—#{n
G Taget No—#{mgmt  conter|—b{criporte P g I g ou
AC3 IMPULSE PV I
Manual § |
a1 IR
PWMORV 3Phaseimener  BLOC MOTOR
FB_idePD_SPD O in
PDdc (g
FB ide
pid_spd
pd_dc
peed HALL DRV
| peed HALL A
Detais L HALLE
| Ready || & m 0¢"XE. ¥0Q
v |l fg  HALLC o8

B 3-1-8 2% R ETEE
5. Wi Packet Tnput *%ij%& E Packet Input ] COM H, i 3-1-9 Fis;

[ Specd control -Simulink academic use. [ =)
Fle Edit View Display Diagram Simulation Analysis Code Tools Help
&8 FE - RE=RMO R A Bewa )@
speed_control
© [Falspeed_contral b -
8 Paradox BLDC Contetfy - PC software
8 MNote:
|| =3 How to run thisdemo:
(| B 1 1. Connect the Hardware corectly.
= & 2. Build all the demo.
Speed
MODEL Goto % (t ¥ ‘TL ) 3. Start real-time code
f g —=0 e o ]
X ECONE]
0 Seﬂa\PurtHh] %S lﬂLX\. Q@M l;l
.—D-W In Out Period  Out —» PWHA1A In AF—¥In
” O\O'—D Triginput ~ Counter — CitrPointer  PWI 1B In1 Out
CminPeriod_Target o PWMZA n2 5 -
e WPULSE | Wanual wich 37505 o Pl ing !
= DayFue  pyyag Ing of—»m
PWMDRYV 3Phaselmverer  BLOC MOTOR
FB_idcPID_SPD  Out In
N PID_idc gyt
FB_ide
pid_spd
pid_dc
s HALL DRV
speed In out 1
7] HALL B —
] dosefag  HALL Cla——
»
Ready View 1 warning 129% oded

B 3-1-9 3 Packet Input # 31 & B

6. 7E3fHHFY B 1 134 Board setup #I . {E5HH (X IFAEH % E COM M1%
Moo RS AURIN CLERERT AN T T 03k, eI 03 11 75 2 5 10
DR, BRSO 115200, fiil Test DU 7 R0 7 AERS IEH5E1S, IS
o v W FRIRIB(EIEY . i 3-1-10 iR,
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# speed_control - Simulink academic use L — n o - — =2 =
File Edit View Display Dj . s mommcioni oo 4 n
4 Block Parameters: Packet Input =, =
i | - Simuink Desttop Reak-Time Packet Input (mask) (ink) z v N
speed conbrél | | Read binary data or 5 CAN message from a communication channel
© [Fajspeed_contrel - Data acquiskion board I
% | [ mstoanewbosrd | [ Dekte current boara
Parad)|
Standard Devices Serial Port [4h) Ml Board setup
Tine - %] Standard Devices Serial Port L L= A | g
= i a - How to run this demo
1 ‘Sample time: 1. Connect the Hardware comectly
=} viood|| % fieta ke = 2. Build all the demo
- | 3 - 3. Start real-time code
& Waximum missed ticks: |
10 ;
a =
|| 2 snow wisea ks port Sl i -
( | [ 7] Yied CPU when wating im0 . — mlg In A—>in -
G| opavoupr | HEY ke B —int
Packet identifier: [7] XONIXOFF flow control I A r ide
| 1 [7] RTSICTS fiow control = " - & e
Sl 7] DSRIDTR fow control 3Phasalverter  BLDC MOTOR
o [ Direct port access.
|| Bieck output data types:
e (o] (o] [omma]
Input packet fiekd byte order: | Lttle Endian -]
| Show "Data Ready” port
] Show “Data Errar” port
7 speed
| Show paciet timestamp port e HALL_DRV
" HALL A f——1
- | [ oK (s I [ rew ] [ e speed In out e
£ dosefay  HALL Cle—ro
»
Ready View 1 warning 129% ode3

B 3-1-10 COM o £ KX EBER®

7. Wit single-out A, WK 3-1-11 s,

#3 speed._control - Simulink academic use
File Edit View Display Diagram Simulation Analysis Code Tools Help
e int External Y| @ |- !
speed_
¥a|spaed_contrel b v
Paradox BLDC Control Motor - PC software m 3 2
AR
S / f
Fadet I o] How to run thisdemo:
1 Input 1. Connect the Hardware correctly
Speed 2. Build all the demo
MODEL Goto Packet Input caleulate 1 Shetnallimsiode
Standard Devices single_out
Serial Port [4h]
.—D.1 In Out Period  Out — PWHNA1A In Ar—{In
O\of—p Trignput ~ Counter — CminPointer ~ PWN 1B It Out
CminPeriod_Target - PIVM2A 2 % -
» I
R ML Manual Switch MODG CNT mﬁ JE .
- Cu B ol
PWMDRY 3Phaselmverter  BLDC MOTOR
FB_idcPID_SPD  Qut »iIn
i PID_ide oyt
FB idc
pid_spd h £
pid_dc
speed HALL_DRV
@i speed In out HALAM
= HALL B f——t
ﬁ dose flag HALL C jt——
»
Ready View 1 warning 129% ode3

B 3-1-11 M single-out B3k 7 & B

8. Xili Packet Output FEEL % & Packet Input ) COM 11, #1F 3-1-12 Fios;
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B e E— -
Fle Edit View Display Diagram Simulation Andlysis Code Tools Help
B-Beo ¢ BEE-0 A= = A
single_out
© (] speed_control b [Pasingle_out =
Q
]
il =
=
B
O
Qutput
Packet Output
Standard Deviceé
(&
] Constantd
»
Ready View 1 warning 150% ode3

B 3-1-12 & Packet Output #2327 & B

9. FEF I E K HPi%$E Board setup I, E#H FIXHEHEFH K E COM 15
Bl 15— PR O B b D 7 idsk,  SER o DA 9A 75 B 5 il %
Ao PR RE—2, PRR 2 115200, M Test UK & R4 2 B REW IR W dME, H
PER A v R RIEE IEH . ﬁ[llgl 3-1-13 Fior;

¥4 speed. controlsingle_out - Simulink scademic use., Pa— — _— o B8] =
Fle Edit' View Disg—

qa\ ick Parameters: Packet Output d _B

ernal v v v

— Simulink Deskiop Real-Time Pactet Output (mask) (link).

[ sirgteont | Write binary data or s CAN message o a communication channel
® |[Pa]speed_control b |||~ Dta acquistion board =
nstallnew board | | Delste current board |

Standard Devices Serial Port [4h] ( Board setup
o
e — — = .
7] Standard Devices Serial Port (<= )

Sample time:

0.00¢

Waximum missed ficks
(10

ODE@E dEe

(] Show “Missed Ticks" port
[] Yield CPU when watting

Input/Output

Packet Kentifr: XONDXOFF fow control
J RTS/CTS flow control
Output packet size: DSR/DTR flow control
m

Output packet field data types:

= (on) () [owwt] [coon]

Output packet field byte order:  Litle Endian -

Packet
Qutput

Packet Output
Standard Devices
Serial Port [4h]

|| Direct port access.

] Shovw "Data Ready” port
(7] Show “Data Error” part
Inital value:

) Final vaiue

Constantd

» ok | [ cancel v | [ Ammy
Ready View 1 waring 150% ode3

B 3-1-13 %% COM 2 A H K&
10. TN REON 1 R , X MODEL #idk, 755 H %)
TEHEH Constant Value 35 1 (A IEsEE) , i OK, i 3-1-14 fis;
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¥4 speed_control - Simulink academic use p— P—— . — - - — MEIES
File Edit View Display Diagram Simulation Analysis Code Tools Help
-~ B A= RN | v |inf [External - | v
Al crd 54 Source Block Parameters: MODEL =5
® (") spacd_control b vy -
o} Output the constant specified by the "Constant walue' parameter. If
'Constant value’ is a vector and 'Interpret vector parameters as 1-D7 is
[#] on, treat the constant value as a 1-D array. Otherwise, output a matrix
04| with the same dinensions as the constant valus.
=2
o Toin | Signal Atteibutes | _ N i et
= O (BRI R R Rt
o SN 4L CER Y SO W vy S Ral e )
- ;id—/ i»/ A (s_‘f,'.[:‘/i, DU NS TR P/ MR )
O T Interpret vector parameters as 1D
|| Sanple time: | 2 A—bh o
inf =1 St
——— - 1 ‘f ) - N R ! E,
IhMODEL izl
,/):JM_,_/EL «j l ) (i) (e H Hor | IPhmslivalr  BLOCMOTOR
. PID I
spead HALL_DRV
ey HALL A —rp
HAL B l——
o HALL Cle—
(@
]
»
Ready View 1 warning 100% ode3
< N > [ a1 Ak
B 3-1-14 xR EARRFEHEX (42X Fm
—L 3= /=T —
1. JaahisfriEfy, 177 PID A (73 PID) , Wil 3-1-15 FoRs
"i speed_control - Simulink academic use - e Prp— . - - » —_— [= =5 B N
Fle Edit View Display Diagram Simulation Analysis Code Tooks Help
g R Rk " v it External -] v v
speed_contral /1/
® |[Faspaed_control b " =‘( e
e
q ("4 Funetion Block Parameters: pid_de n
[
Paradox BLDC Control Motor ~ PC software Sbrstealasih
=
a @ Paransters
B Fh:: int Outt i
= WOBEL G Pt s il 0.0 1.000
SXR‘UH:[IEI.;Q:; IIIIIIIII o
) Sesisl Port [4H] . D 00
(€D s ot Outt—ob- X
CminPeiod Tagst o Rl | Fitkp ]
RC3 IMPULSE F':""m = ! 0.0 2.0
D‘ — 0.350
FB_icPID_SPD O AN Bk
: FiDde oyl 1l 0.0 0.100
Ea"m ‘‘‘‘‘‘‘‘‘‘
P — 0 0.040
/ pid_kd
= L HaL 0.0 0.0030
Milipidrde it " I e i
/r),_ [ A PASEAS u' 07 0.0 |
| .
& [ ok ][ Cancel |[ Eelp || soriy
]
»
Ready View 1 warning 100% oded

B 3-1-15 7y #:4% X PID # X A0 B @k

12, HE B RS S B, FARHI, WFTIF Speed CGHEFE) ik, tnlk]
3-1-16 flrR;
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¥y speed_control * o = B 8
Edit View
[ & -
] speed_control | |
| © |[Paspesd, ik
! Block Parameters: pid_dc ﬂ‘r
& s ""?’ ) i}lL 7*"{#‘@%& [ @ speed = @8] %
S e UL ™
=

+] J[_J\L J? ,‘,\' Ezr .'i _
= Paraneter: e e fle Took  View Simulggien, Help x
1 = pidir f/ T
| &= 0.0 1.000
= -
&l 0.080

pidlp

dki
nnnnn

i

0.

0

[k ][ Cancel ][ Help

=]
"
»

Running the model on ‘Simulink Desktop Real-Time. View diagnostics 100% T=123.148 gy FixedStepDiscrete

@3116ﬁ%ﬁﬁﬁ&%ﬁ“

13, FEXTIEAE a3 Peah o€ pid_ref Z2% ML, HEzhigies € PID 24, H
WP GIZs) (BH RN 0 P o BT RIEINEIESE BTN 0,
HAUSEE, S b ieddl, 7T speed /R gedibl, Sdigiiezsl, =T LAE 3
TREMEITEENHEE. (EER, F—RESINEHREN, BIREEBEHEETE
7, FrBEIAEES), EEREFE, BRIEISINBEYIFGEEZESD)

Lﬁﬂ%wwdﬁmmﬁﬁ&%@fﬁﬁi%%ﬁmﬁ%ﬁﬂ%ﬁﬁﬁﬁ%ﬁ
fh 2k . Hrpa] DL view-style- 1 B K4 s A .

WERFEFP B R, AL RES LU N ELAR
1. fE783h EALHL PID A6, WU aE—F, EARELSLIES);

2. {£ CCS ik L7 2 i i
3. LS TR s 2.

& FAq:

(D) 7EFE TFILZEET, HEA R pid_ref IHREF, @YK
KRB, BB pid_ref BEF, HAHF1LE
.,

Q) B R EMEI<4#7 MOTOR_DIR==1 AR, ARk
3 4H MOTOR_DIR KIRAE (0 B¢ 1) , KI5,
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3.2 AR ENL Clark/Park 2 #SLL0 0 TR

3.2.1 BESLIERITER S
1ARYE N Clark 28 # J7 HE (I FRAR, DA AR E R X, Wit Clark 28k
W AR

% 3-2-1 % F Clark KA 5T &2 L

N, v.Alpha B 24
v.Alpha iq T

iq
M, v.Beta iiAH24
v.Beta i T

i
MY, v.As B ST
v.As ia ~aHH

Ia
_IQmpy(A,B)E— N3
R, Ron A B A

Tk AHfe

. IQmpy2(A)/E—4 2
Hrh A BRIEZE—D | T, A
1Qmpy2(A) AR | ez 2w il A 1

" ~

_1Q FonMAs .

1Q 14 int, double 2 JXf¥]
Kb =X

MY, vBs ST

v.Bs ip AR

Ip

Hrb, AB 7 AR M

_IQmpy(A,B) N

2.4TH CCS, 7E H 3%“C:\ProgramFiles\MATLAB\R2015b\workspace\pwm
\PMSM”  F A THE PMSM_SD (FEILFES A) , #T7F main.c 30,3 2] main.h %
'~ Ctrl Ff siiifi main.h, 3K 3] clarke.h #% T Ctrl Ff siili clarke.h., 41 3-2-1 7R, #%
CLARKE MACRO F[HRENE . EE FHIMT EL, Z56% Clark 2845 5 21K 2
VA S N 3 3-2-1 Hhgh 1) EE S A% OARS o ISRES A SR SR a, it DARR 7
RIS AT TS Y, B E 20 P BRI . CRRATARAG 5 4R 75 22
B, AMIETT, B ESHE
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8 #define CLARKE MACRO(v)
g

40

41

42

43

A4

45 // 1/sqrt(3) = 8.57735026918963

46

A& 3-2-1 3 E Clark T #4K44

3. MRAEXT Park AR H R BRI AR, DL ST AR R L, Bt Park A2k

FIAZ AT . TTHRERF LR ELEINEG .
% 3-2-2 % F Park KA &9 T &4 3L

N, v.Ds A T AR AR
v.Ds Ib |
D
N, v.Qs S T A XA
v.Qs ) |
Q
. " _IQmpy(A,B)/&— /N Ieik R
Hrp, AR N A
_IQmpy(A,B) He, AB 2 HIARE AN FEL ¥, %0 AB FiA TR
v Aloha ; MNF A, v.Alpha SEAH %S T4
P “ e g
Bet i N A, v.Beta BiAH ST AR
vV.beta EPE[’(]|
Cosi cos B, v.Cosine FLAH S T4
v.Ccosime ﬁﬂ'ﬂﬁ’(]cos
. . B, v.Sine BLAH T A
v.Sine sin .
Hsin

4. FTJF main.c XM, %8R E Cul B, Ctrl+f % Park MARCRO, % R

Ctrl f H 4% 55137 PARK_ MACRO, # A% park.h X, Wil 3-2-2 fiow, 167E

NHZ AL, 45A %] Park A8 H J5 35 (138 fif UL R B 3R 3-2-2 e Y AR 3 S P

Wit oRIE. (BITRBERTEM LY, AMEZT, BUHRFESHE .
(HTARIEES, BFARECSL4H. )

#define PARK_MACRO(v) X

50
51#endif // _ PARK_H__
52

B 3-2-2 3 E Park & /K4
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5. Clark il Park ZHII W55 MR, Al (RAE, Sid% FRINES, JFARAES
Sp BERD. AR B TR, SSRIiE, BHLATERIET, I -
ReWLAR IR . SRREFR . B IR IF 3357

3.2.2 Clark # Park TIIRIELE

A . | BHJE, FUSB EHMEAUE,
E=
© | ONION6 B R S R R, 5 AU DT F .

1. £RBRi%ER:: CNI AT CNS5 iEH:. CN2 Al CN6 %42, USB 5 _Ffifl USB %
P, BEREIE, PR b, K 3-2-3 s

22 AR AR AL
CNI1 CN2
'oy ".Q

J; E TR AL K
CN3 CN4

EHL “ DRV8301 Jizha | o’
*] cNs cN6 |-

B 3-2-3 ALARAEE

2. fTFF CCS, 7 H3“C:\ProgramFiles\MATLAB\R2015b\workspace\pwm
\PMSM” N S N LFE PMSM_SD (LRES AR .

EEFRIFELSET, HIXEFHEIR, TFE kh, ITIF main.c ¥ kh FiER
RIBATRT HIRA B/ X SR — T RIBSERE IR kh IAFELENXSA
EEEEX—1TARE.

N 2 PE e G R A N B, RS AT HREN, [R5 FRL IR i 1 e
— B FAH TR, WK I — B H BT, 0TS sham PR i B2 5E o Ak,
ARG SRR TE . T 3-2-4 FoR:
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" CCS Debug - P

45 Debug
PELETAE

{poser Studio - Device Debugging]

C =
“f T'I,E"“[’F-' § XD510042 US8 Emulator/C28ux (Suspended - HW Breakpoint)

= main() st maln.c176 0x3F5084
B _args main{) at args mainc8] 1xIFEFSS
= ¢ in00]) at boot28inc:248 0x3FEDI5 (the entry point was reached)
o Texas Instruments XDS100v2 USB Emulator/CLA_0 (Disconnected : Unknown)

D Console
COT Build Consale [PMSM_SD]
**** Build of configuration Release for project PHSH S ****

“C:\\ei \\cesve\ utils\ \bin\\gmake® -k all
grake; Nothing to be done for ‘all’,

**=* Build Finished ****
|

File Edit View 7 Tools Run Scripts Window Help
[3= ﬂ?l?&.w.n@ RS (REE R A RAE W4

& TR iB 1A
X 7% O wevarisbles E}  Expressions

Name Type Value

111 Registers £ E| &

K%(sct °=20 3

Location

@ iEf& rE-r1-o8

0% x\ ;o

B 3-2-4 5 AR H @
3. T3 Matlab ¥, i Open, £ HxK“C:\ProgramFilessMATLAB\R2015b

g 8 e - ® Workspace
GW'I‘ » pum b -}a,—‘r.{! ----- P [
gR~  Fex ~ 3 ®|
i« = - =
L TE A common
- | dmeib
| BESAMEE & PMSM.sD
& slp
a8 ). speed_control sldrt_win54 2
.m J user o 4
of 3 %4 19K
s o )it fE ;
LR
J B
o FEiE
REENY v Al MATLAB fles .
= s
Details [l
«| Ready

Value

Ory @ wg

B 3-2-5 Matlab #4475 B
4. IR PRI AR 20 49, anfd 3-2-6 Fion:
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Current Folder
Name ~

#; speed_control - Simulink academic use.

FYtices 2000| | Fle Edit View Display Diagram Simulaion Aralysis Code Tools Help

) tices.c2000) | |
= w-H @ ﬂaavg-u- - Tetersal s D

medomrd  ungdest > [mm |

© [Filspesd_contral »

Paradox PMSM Control Motor - PC software

OnE &8

MNote.
How to run this demo
1. Connect the Hardwam correcty
2. Build all the demo.

Input oz Speed 3. Start realdime code
Fadatinpd T e
Standard Devioes
pos
PD_POS Ou In PD_SPD Out i
PDIQ
e —lmas pork_tipta sigen_d_aghll 1A [P Ashese b
AD_POS PD_SFD PARKD: PWM_B 8_phase ®
AD_IQ
o DaiBen sigen_da_UbeBl_C C_shase  Angle [
‘ = e MOTOR —|
FBOSPDD Ou
PD_D
park_Ds COE  Aphaeke
— clarke , Beteiorke_5
Details i
o [T darke

Reody ||

v XB w0

B 3-2-6 &2FZ LA FRZTER

5. XYﬁE Packet Input #5152 & Packet Input ] COM [

, & 3-2-7 Frows

mmmmm..mmmmmmm
el e Eo-=2-® A Cra— R
medontrd X | sisglost o« [0 x|

@ | %a|spesd contrel b

Paradox PMSM Control Motor - PC software
Ml ECOMIE

Outt

Hote

OmE B
[ 5]

Haw ta run this demo
1. Conpect the Hardware coectly
L 2. Build all the demo.

0w Speed 3. Start realdime code
Gzt i | snge_out

 ( ok _Apha sgen_dq_uaeRlf/ s
HLENS ] * P B phase |
PDIQ I
Angie park_Beta sigen_dq_Ube@VM_C——P{C_phase  Aagke
.o S| M—
| Tk SVGEN WOTOR ‘

Pi0_D
par g ot _Kprs ke,
clarke_§ _Betziarke_B:
park_Ds e darke
RPN
PARK

Ezﬁi'

View 1 warning 125%

O XE. %0

B 3-2-7 3 Packet Input 32 7 & B

6. TEFH I E 9 AL Board setup &I, 753 H FIXHEHEH X E COM 15

¥, & 3-2-8 fs;
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Fle Edit View Display Diagram Simulation Analysis Code Tools Help

. 8 = - |inf | |External b * ¥

= : = P
puelcatiril: % | 4 Block Parameters: Packet Input =] =iz

© | % speed_control

~ Simuink -Time Packet Input

Read binary data or a CAN message froma K channel ‘

—Data

\vare

| mstallnew boara | [ Delete current board |

!éu_mm Devices Seral Por [4h]

] ===
MOD Sample tme:

0.001

[ % Standard Devices Serial Pore i o) Note:
= How to run thisdemo:

1. Connect the Hardware correctly
a| 2. Build all the demo.
3. Start realime code

OB I E e

sngle_out
Maximum mssed toks:
10
] Show "Missed Ticks" port
[7] Yield CPU when waiting

- nputOutput-
Packet identifier.
1

nput packet size:
4

I wnl:!\,\il:,Llul)?l’yMJi A phase Hn
PWM_B B_phase I ~|
I sugen_do_UbeRVM_C PIC phase  Angle
i SVGEN MOTOR

[7] RTSICTS fiow control

DSR/DTR fiow control

[ Direct port access

o] 1w ) (o] [ont
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