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PSIM Functions

: S : Hardware
Design imulation Implementation
/ PSIM \ F2833x / F2803x/F2806x/F2802x
Thermz?l Auto Code | | Targets R
Analysis Power Generation | |-¢————p S
Thermal Electronics SimCoder
Motor Control )
( Design Suite Solar/Wind Power
Renewable Energy PIL
@EV Design Sui@d—b Control Device Motor Drives

Digital Control SPICE Motor Drive/
i MagCoupler/ _
SimCoupler MagCoupler-RT i ¢ DLL ModCoupler
Matlab/ _ _
Simulink IMAG CosiMate ModelSim ) =

Link to Saber, FPGA
AMESim, etc.
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Digital Control Implementation SimCoder + T1 DSP Target :
Realization
Simulation (1/2) » and Simulation (2/2) » Verification
Power Converter Power Converter
PSIM Circuit .| PSIM Circuit

| I |

Control Circuit | I TIDSP

With PSIM F2833x, F2803X |
Transfer the contro] TargeF _ Power Converter
circuit to be the digital | Control Circuit | Real Circuit
control circuit | |
SimCoder |
for auto code TI Code I
generation Composer
Program the TI
CCode 1 control fodeto | F2g33y F2803X
of the (he bSF DSP-’Based
Control Circuit Control Circuit

RS232 t

DSP Oscilloscope in PSIM
(Monitor of waveformin DSP)

! ! (UN-1INe TUNINg OT CONTrolI parameters)
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PSIM SimCoder

The element with C; and T, on the left column of the element can be used
for code generation

[E3 File Edit View Subcircuit [Elements| Simulate Options Utilities Window Help

D|s(@|&| &|=[@]o|~|8 Power v s alolsln] @l AIFF.FI A~
I—LI Control ’ Filters
Other v Computational Blocks % Multiplier -
Sl SoiEs , Other Function Blocks % [ivider
L Symbols , Logic Elements 2 uare-root
------------------- e ne
oiiiiiiiiiiiiiit| EventControl | Digital Control Module ®/ | ¥ne (in rad)
Lo SimCoder of| | e gl sl csine
S  |[Proportional % dosine
S Al % (osine (in rad.)
.................................. Integrator ccosine
.................................. External Resetable Integrator % Thngent
.................................. Internal Resetable Integrator ctangent
.................................. Single-pole Controller % Arctangent 2
o Modified PI (Type-2) % Hponential (a*x)
T e-3 Controller % Hpwer (x"a)
b Didferentiator @ UDG (base )
S I Cothparator © ilo(basem)
infiter

o i e solute Value

er Limiter % gn Block

ge Limiter aximum/Minimum Block

mer (1-input) J::::::::::::::::::::

mer (+/-) A

mer(+/4) oot

mer (3-inputy




Code Generation - A Step-by-Step Approach 3
3

System in Continuous Domain System in Discrete Domain -
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Code Generation

#include<math.h>
#include"PS_bios.h"
@ typedef float DefaultType;
l #defineGetCurTime() PS_GetSysTimer()
ADC

interrupt void Task();
DefaultTypefGbliref = 0;
DefaultTypefGblU2 = 0;

I_fdbk

A0 oo

\ interrupt void Task()
{
o om DefaultTypefU2, fSUMP1, fSUMP3, fk3, k1, fSUML1, fZ1, fTI_ADC1, fVDC2,;
A2 o2
A3 o3
R4 D
1-ph Pt ;; Es
il A o
B - Bl hel: |
FZ5335 -
Zs 2 =
20K B4 D12
PWM Generator oo
B ol

PS_Enablelntr();

fu2 = fGhlU2;

fTI_ADC1 =PS_GetDcAdc(0);
fvDC2 =2;

fZz1=fTI_ADC1],

fSUM1 = fVDC2 - fZ1,

fkl =fSUM1 * 0.4;

ILILLLLLILILLLH

7 fk3 = fSUM1 * (1000.0/20000);

F28335 fSUMP3 = fk3 + fU2;

Comens r/ fSUMP1 = fk1 + fSUMP3;
PS_SetPwmlRateSH(fSUMP1);

#ifdef DEBUG

fGbliref = fVDC2;

#endif

fGblU2 = fSUMP3;

PS_SetPwmVector(1, ePwmintrAdc0, Task);
PS_SetPwmTzAct(1, eTZHighlmpedance);
PS_SetPwml1RateSH(0);

PS_StartPwm(1); PS_ExitPwmi1General();
PS_ResetAdcConvSeq(); 2 PR\ }
PS_SetAdcConvSeq(eAdcOlIntr, 0, 1.0); ' B4 w void Initialize(void)
e SartstopuinCl k() BEGRE
artStopPwmClock(1); . ' :
} P = C code ig_gi;srltnslttézlg’var?w)éIock(O)'
void main() Ps:lnitTimer(O, OxfFffffe);
{ o PS_InitPwm(1, 0, 20000*1, (4e-6)*1e6, PWM_POSI_ONLY, 42822);// pwnNo,
Initialize(); waveType, frequency, deadtime,
PS_Enablelntr(); // Enable Global interrupt INTM outtype

PS_EnableDbgm(); PS_SetPwmPeakOffset(1, 10, 0, 1.0/10);
for () { PS_SetPwmIntrType(1, ePwmintrAdcO, 1, 0);
i} N

}




F28335 DSP Port Assignments (Pin 1 - 88)

F
@)
GPIO30/CANRXAXA18 O 1 880 GPIO48/ECAP5/XD31
GPIO29/SCITXDAMXA19 O 2 870 TCK
\':,’ss N B SCIl & SPI seld EmMUA
DD [}4 ; 85 EMUD
. (in yellow) 840 VoosveL
GPIO1/EPWM1B/ECAPB/MFSRE [ 6 830 Vss
GPIOZEPWM2A [} 7 8210 TEST2
Veg 8 810 TEST?
Vopio RS 800 XRs
GPID3/EPWM2B/ECAPS/MCLKRB Cf 10 790 TMS
GPIO4EPWM3A O 11 | - pP\WIM 1-8 780 TRST
GPIOSEPWM3B/MFSRA/ECAP1 O 12 770 TDO
GPIOS/EPWMAAEPWMSYNCIYEPWMSYNCO [ 13 760 TDI
Vag [ 14 75 GP10O33/SCLA/EPWMSYNCO/ADCSOCEO
Van (15 740 GP1032/SDAAEPWMESYNCI/ADCSOCAD
GPIO7/EPWM4B/MCLKRAVECAPZ L] 16 730 GPIO27/ECAP4/EQEP2S/MFSXB
CPIOS/EPWMSAICANTYRANCSOCAO (§17 720 GPIO26/ECAP3/EQEP2I/MCLKXRB
GPIOY/EPWIMSB/SCITXDB.ECAP3 ] 18 T VEOIG
GFPIO10/EPWMB AJCANRXB/ADCSOCEO [ 19 ol el 700 ves
GP1011/EPWMGE, SCIRXDB(ECAP4![] 20 Ememdar GPIO25'ECAP2'EQEPZE/MDRE
124 T 7 = . 'ECAP1/
Vss L] 22 \ \ 670 CGPIO23/EQEP1I/IMFSXA/SCIRXDE
vop 23 4 [ 660 GPIOZZ/EQEP 1S/MCLFKXAI/SCITXDB
GPIO13/TZ2/CANRXB/MDRB O 24 Trip-Zone 1-6 | 650 GPIO21/EQEP1B/MDRA/CANRXB
GPIO14/TZ3/XHOLDJ/SCITXDB'MCLKXB [] 25 '/ 64N GPIO20/EQEP 1 AMDXAICANT XB
GP1015/TZ4/XHOLDA/SCIRXDB. MFSXB [] 26 62N GPIO19/SPISTEA/SCIRXDR/CANTXA
GFI016/'SPISIMOACANTXB/TZS [ 27 620 GP1018/SPICLKA/SCITXDB/CANRXA
GPIO17:SPISOMIA,CANRXB/TZ6 [ 28 610 Voo
Vpop Cf 29 600 Vss
Veg O§ 30 590 Vopaais
Vpp1ats O 31 580 VsszacnND
Vesiacup Of 32 57 ADCRESEXT
Vggar E gi 56 0 ADCREFP
OnAD 550 ADCREFM
ADCINAT a5 ADC Group A 540 ADCREFIN
ADCINAG [} 36 | & ADCINBT
ADCINAS (37 ADCIMBE
ADCINAY [ 38 ADCINBS
ADCINAZ (] 30 ADCINB4
ADCINAZ [§ 40 ADCINB3
ADCINAT [ 41 ADCINB2
ADCINAO [J 42 ADCINB1
el ADCINRO
Vgsalo O] 44 ADC Group B VooAao

[ew.ou



GPIOT5/XD4
GPI074/XD5
GPIOT73/XD6
GPIO72/XD7
GPIO71/XD8
GFIO70/XD9
Voo

Vsg
GP1069/XD10
GPI0G8/XD11
GPIO67/XD12
Vpbio

sS
GPI066/XD13

Vss

Voo

GPI0B5/XD14
GPI0R4/XD15
GPIOB3/SCITXDC/XD16
GPI062/SCIRXDC/XD17
GPIO61/MFSRB/XD18
GPIO60/MCLKRB/XD19
GPIO59/MFSRA/XD20
Voo

Vss

VpoIo

Vigs

XCLKIN

X1

Vss
X2
\iss)
GFIO58/MCLKRAXD21
GPI057/SPISTEA/XD22
GRIOS6/SPICLKAXDZ23
GPIOS5/SPISOMIA/XD24
GPIOS54/SPISIMOAXD25
GPIO53/EQEP11/XD26
GFIOS52/EQEP15/XD27

Vpoio
Y

GFPIOSUW/EQEP1A/XD29

BE}IZI GPIO49/ECAPE/XD30

SCI & SPI (in yellow)

GPI028/SCIRXDAXZCS6 14
GPIO34/ECAP1XREADY []142

GPI036/SCIRXDAXZCS0 U

F28335 DSP Port Assignments (Pin 89 - 176)

GPIOT6/XD3 [
GPIO77/XD2 [
GPIOT8/XD1 [
GPIO79/XD0 [

GPID38/XWED [

XCLKOUT O
Vpp
Vgs [

Vpoio O
Vag [

p——

133
134
135
136
137
138
139
140
41

143
144
45

Vpo
Vag

146
147

GPIO35/SCITXDA/XR/W 1148
¥RED 1149

GFIO3T/ECAP2/XZCST
GPIOA0XADXWET [
GFIO41/XAT [
GPIO42/XA2 [

Vpo [

V&R ¢
GPIO43/xA3 [
GFI1044/XA4
GFI045/XA5
VoDio [

Vss
GPIO46/XAG [
GPIO47/XAT [
GPIOB0/XASB [
GFIO81/XAS [
GPIOB2/XA10 O
Wgs [

Vpp O
GPIOB3/XA11 O
GPIO84I X A12 [
Vopio [

Vag
GPIO85/XA13 [
GPIOB6/XA14 [
GPIO87/XA15 [
GPIO39/XA16 [
GPIO31/CANTXA/XA17 []

150
151
152
153
154
155
156
157
158
159

160

161
162
163
164
165
166
167
168
169
170

q171

172
173
174
175
176

O

e

[ew.ou




=
pin g
DSP Control Board +5V in 1] 2 +5V in GPIO-22 / EQEP1S GPIO-23/ E
GND 3 4 GND / MCLKX-A/ 35 36 |EQEP1l/MFSX-7T
SCITX-B A/ SCIRX-B
GPIO-01/ EPWM-1B /
|/O |ﬂterface GPIO-00/EPWM | 5 | 6 VIESR.B
GPI0-29 /
GPI0-03/ EPWM-2B /| |GP10-28 / SCIRX-A
GPI0-02 / EPWM 7| 8 MCLKR.B Pt 37 | 38 |SCITX-A/--/
TZ6
GPI0-04/EPWM | 9 | 10 | CFIO0S) ERWIRSE /Y Topiog0 canrx-| oo |, [epiosts
A CANTX-A
GPIO-06/EPWM/ | . | ,, | GPIO-07 / EPWM-4B /
SYNCI / SYNCO MCLKR-A / ECAP-2 | [GP10-32/12CSDA/ GP10-33/
SYNCI / 41 | 42 |i2cscL/sYNCO
GPI0-08 /EPWM/ | . | |, | GPI0-09/ EPWM-5B / ADCSOCA / ADCSOCB
CANTX-B / ADCSOC-A SCITX-B / ECAP-3 P, TR OO AT
GPIO-10/EPWM/ | . | | GPIO-11/EPWM-6B/ ADCIN-B6 45 | 46 ADCIN-Ab
CANRX-B / ADCSOC-B SCIRX-B / ECAP-4 ADCIN-BS 47 ] 48 ADCIN-AS
ADCIN-B4 49 | 50 ADCIN-A4
GP)'(%gf éEEI\SI;ﬁ:')’5 I 1171 18 GP)'(%gg é EEI\SI:fI\:;)G / ADCIN-B3 51 | 52 ADCIN-A3
ADCIN-B2 4 ADCIN-A2
CPlo-84 19 120 CPIO-85 ADEIN B1 :z 26 ADglN Al
GPI0-12/TZ1n/ o1 | 2 GPI10-13/TZ2n/ _ -
CANTX-B / MDX-B CANRX-B / MDR-B ADCIN-BO 57 | S8 ADCIN-AQ
GPIO-15/TZ4n/ | oo |,, | GPIO-14/TZ3n/ GND 9] 60 GND
SCIRX-B / MFSX-B SCITX-B / MCKX-B
1/0 Interface GPIO-24/ECAPL/ | .o | o | GPIO-25/ECAP2/
EQEPA-2 / MDX-B EQEPB-2 / MDR-B
GPIO-26/ ECAP3/ | . | ,o | GPIO-27/ECAP4/
EQEPI-2 / MCLKX-B EQEPS-2 / MFSX-B
GPIO-16 / SPISIMO-A /| oo | 50 |GPIO-17/ SPISOMI-A /
CANTX-B / TZ-5 CANRX-B / TZ-6
GPIO-18/ SPICLK-A/ | . | 5, | GPIO-19/SPISTE-A/
SCITX-B SCIRX-B
GPI10-20 / EQEP / MDX- GPIO-21 / EQEP1B /
GWINSTEK A CANTX-B MDR-A / CANRX-B BER7ERERAERAT | 11
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SimCoder Elements for Tl F2833X Hardware Target

PWM generators: 3-phase, 2-phase, 1-phase, and APWM
Variable frequency PWM

Start/Stop functions for PWM generators
Trip-zone and trip-zone state

A/D converter

Digital input and output

SCI configuration, input, and output

SPI configuration, device, input, and output
CAN configuration, input, and output
Capture and capture state

Encoder and encoder state

Up/Down counter

Interrupt time

DSP clock

Hardware configuration

GWINSTEK. EREIEERAERAD | 1



SimCoder Elements for T1 F28335 Target

® PWM

3-ph PWHN

o= 11 up
urn

o T wp
wn

e W
W

F28335

vLoLh b

Start
EWM

F28335

GYINSTEK.

2-ph PWHN

o A A
o= B B

F23335

Stop
EWM

F28335

= A

1-ph PVWHK

L

B

o TZ1

F28335

Trip-£one

TZ2
1273
TZ4
TZ5
TZ5

F23335

/I Phaze

o In Ao
3 Phase B o

F28335

T=ip-Zana

Stata

F28335

APWN

- —

F28335

BRETREEROGARAA
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® A/D Converter ® Digital 1/0

ADC DIN DoUT
RO ol |—ao . .
Bl Ll (—a | . D
o ki L2 |—o [ . -
B3 o3 |—a | . -
5.“ od |—ao | . .
hE LE [—a | . D
o LE DE |—o [ . -
A7 o7 —a | . -
BO DB [—0
531 08 |—o FZE335 F28335
o 22 L1 o
B3 D1l [—o
B4 D12 |—O
BE o120 . .
BE Ll4 —0 . CAN CAN
B7? O1E —O C CAN CAN
= onfig | . oy ot
FZ28335 F5E33E In
F2ELL5 FzE335
® SCI
SCl -
n Balt
Config L e O o—>| o)
F28335 F28335 F2a33s
5Pl Device
=Pl Config

30
{31

. SPI 30

IRy

in | Zut ~31 -
SPl = cp| o S ::; Intr o
F28335 F28335 o= 21 =
F28335 Jync

F28335

GWINSTEK. ERRIREROGERAD | 14
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® Capture
Capture
Capture
I State [
F28335
F28335
® Encoder Encoder
oo Up/Down
oyE  Cnzlo Encoder | _ o—|Clk Cntlo
B State o— Dix
o— 3trobe - —r
F28335 F28335 "

® DSP Configuration BERES |
"""" PSIM | SPICE SlmCUder‘CUIDr]

ESSN ==

DSP Hardware

':-Ul'lﬁg C-Uﬂﬂg SRR Hardware Target |F2833x ﬂ|FIash RAM Releaseﬂ
....... CPU Version F28335 adl |

F28335 F2g33s - - | =
o M
o Default Data Type |IQ2EI J
ST bMc Library [va.2 |
- Comments

(Text will be inserted above the C code during code generation)

® PSIM Simulation Control




PEK-190
BERFEAN

¢
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Experimental System IPTS‘SOOO

PEK-190 Motor Drive

M-G Set

w w
GWINSTEK. EREIRERAARAD | 17
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ADC-A0(AC)

' ' K.=1/3.3375 | | |
VDC+ . . sa —
5 —
“pE @i RS &—— o
+ PWMI1A PWM2A PWNI3A ADC-A1(AC)
g R (GR100) (GRI02) (GP104)|
+ Iy
DC = v/ |
Voltage _dc o WMAA é, \Vob
(Gb106 PWM1B PWM2B PWMAR ADC-A2(AC)
) 330uF (GpI01) (GPIO3) (GPI10pB)
JE’ES Q7 QZJE’ES Q4JE’E§ QGJEES IISC
VDC- \_| l / — . \Voc
— \ \ J
DC Source \?’ . ePloms To Motor
Push
V| K,=1/71.556 Gate Drive ¢ bottom
ADC- f Start/Stop
BO(DC) PWM
CPLD [¢

i Protection
Circuit
F28335
Rs232 4B -
SCIC |

(GPIO 62, 63)
From Encoder
(GPIO 20, 21, 22, 23)

GWINSTEK. EREIEERAERAD | 18




=3

i3
3

w
lewlou

Hall

DC MOSEET Current Sensor

Capacitor

| GY I INSTEK : C’,‘ :
T ——————
Gate Drive RS232 JTAG
Circuit ON/OFF F28335 DSP

Test Points , Push Bottom o1 s 00 g

GWINSTEK BRBTHERGARAT
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Test Points

m_‘a =

ey
L

~

«
e

® Q1,02 Q3, 04, Q5: PWM signal
o | : sensor factor = 1/3.3375

sa’ Isb’ Isc

® V :sensing factor = 1/71.556

GWINSTEK BRBTHERGARAT
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Connections

Auxiliary Power Supply
Input

Hall Sensor Input Encoder

Motor Connection Voltage

GWINSTEK BRBTHERGARAD | 21




LY

=3

§ \
fewou

i
q
a

— lae o L Ll
o ™ =
- = s .': NMB o ™ Frvos L 3 2
|—l: e

Lo Los
30220 | 630V2A]

JI+
\IQ
25
4>

- 2 o &2 Cao—= 4% o
E—| o 3% Coo—f= 480 = % o
B Saove
M
J1
+15Vh . . B g
it : Eﬂ 2k
4Tu S0V 0lu 15V - = 5 3 -
(T\-hﬂL @D 2 PWMn 4 f_“\g‘"
GD<H—— GND = -
S ern by ol 2! Gue
s (o> cae e
e had
SQUARE BOD . P ——
Drive BOD Deive BOD Drive BOD

+15Vh
I" al I fet | Iz
4TSV 0 15V

Llu =
Ovb “— G\D
(>3
4 2— 3 Gate 3 Gate
) - [ Soz Scce Csaw> Soce
LI Drive_ BOD Drive_BOD
10
—— S+
| 8 —1 &
] PWMn
GD<4+H—— @D
Title
Bae — | Gate
[ sqz> Soce
Drive_ BOD = Nt -
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TR2 TR RTR |

29 CAP 35 CAP
| (36 CAP

RI4 ResA

cn
5
It O—— I+ Out -
L Tt O——2
o il
o— L v q
XG0P Iw-©
Q Q
e v_—l—mp (o] fou] Lt:u Lﬂl
G\D AP CAP CAP cap v
G\D
GND G\D D GND
26 CAP
H €30 CAP
Ny B 2
BT R B
RT ResA
RIS ResA (56 CAP
i 52 AP
- i
RS ResA
74 a
RI0 ResA ;lk
o
wOo—— I+ Out 3
+V
2 37
v R P
O0— L v
.15 G\D
=i GND!
21
CAP _—I—u\p
W
G\D REN
Bl
CAP
U4
1S 2I0ROCTH3ISZTK GND D
. I 2
r}.s\OT Vin Z Vau 1
9 = _LLE
CAP J CAP
“
Titke
G\ND
Sz Number Revision
M
Thes RN T o
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PWMIA
PWNDRA
PWMBA
PWMHA

Hall_ U
Hall_ W
EQEP1A

Pl
P3

2 14 =
4 433V B
: e ghERRE S:FF S8 "
10 PWMEB LD
" ii PWMHEB GBEEES;EEEE%
— SF i =
— 55 16 an<—H anor éa B —2-
— 17 ® —%— BI2 g B —g—
—1 19 o0 )
—fa 2 > Bl 5
— B u B [
GPIO-24 3 % Hall V QKA [— o=
7 B axkm —;
—_—» 3 — Als [—=
—_— 3 n— s Al —2
3 M — GPIO2I EQEPIB 2= A3 +i
— 3 % — GPIOB EQEPII B AL —5
PIO-28 37 R —_GPIO-2 P2 |_PWMDB > %6 SGNDO ——GND
% 40— R rmo=ZBeaS oS0
— 41 02 FLL< <D L L L L >
— 8 44— ADCAT
— 45 46— ADCAG - ]
— 7 &8 ADCAS
— 9 2 ADCAY =] .
= GNB3V 33V
— 51 =2 ADCA3 :
— 5 s ADCA2
—1 5 % ADCAL
57T ADCAD
GND<t 9 6@ > GND
Header 3032
433V 433V 433V
R3 +15va© O +15V
4
+
IO <GPIO-2I GPIOD3 sy T ::$
G e}
! In ! In ! In GND< > GND
1 A+ | o
GND GND GND s
I )
| ————0.15va TSV CAP
2 ————aD -
-15Va O O .15V
3 O +15Va 15Va 15V
4 ————0O5va
Header 4 +5\a +5 \4
J_cr;J_ J—CJ].J_
4?@50\',]1&9 Ew’ o |
2

33V v GND
K LO 1 2 ol
—0.1\‘5 3 4 DO
——0 5 6
+33V BV
GND GND
U 33V
In 2 Ou
L&)
+
_J_\‘ﬂll? a a

4Tu/0V /.[\(_AP

v
GND
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3
.
W
&3
e
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encode
™ uR
T a0t A ) ) 2
-} I— RS6 AN 5
3 10k f; piv BT R64 RE7 R
4 e aur Tz > 4 4 47
5 CIN |3
; |3 o DO - B T
7 O 45 R57 5] DIN® 6 fo)
R ol e Sow vt ® o o FRFFREFEFEE
Header 8 N SVO—VW—— 1 N . ® un3
ol 10k N QD AP AP CAP oo LD
Lol -2 - w SoozgsSnioos e
b | asov @D Y¥<<=<=yz
RS QD VL 25 = S vap L2
o G\D % | I vo 1l TCKI
m ] B TCK m
D T B AlD —
g GNDQ D2 GND(Burk) 2
T 1 2 -~ +5v0 3| VOO(Bukl) A8
w33 4P o S o B VOO0 Baid)
05 f0— W anll: ] GND(Barik))
_Hu >
Vot
iy 2 @I0n
NC ——L
NC
MOWIB- 1255
+5V +5V
o] Q
+ +
o] H
, TR all ,
ATV oA ATV
GND -\ G\D
as 9D RS SRE0 SRl ou G0 RES SR6 SRE
1 4 DA >4 4 W >4 >4
2 2
3 Hu 3 Pl
4 Hy 4 )
5 Hw 5 P3
Header $ Header 5
ar |os | ® o8 | s
P L | cap cap | o | cap
@D G\D
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Auxiliary Circuits

DSP Control Board (with Isolated Flyback Auxiliary Power Supply
RS232 port)

Switch Drive Power and Drive Circuit JTAG Module

GWINSTEK. ERR7RERAERAT | 26



Gate Drive Power Circuit
sieaver ] 2\/ Input(lsolated)
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UC3845 is used to

VIN+tO—O 1 GND generate
: VIN+(PWM oUtA) 50KHz CLK signal for
- DRV8800
VIN-(PWM_outB)
Vin 2 E B 1508 B AYPWMESE £ 5v A T LL4S DRVES00H
VIN+ O
B % DRV8800
U]c:c.chc i L2 o
2] RCCTV 10 1 16 ——=Cl4 0.1u
12vdc L, L. H®cowh = 50KkHz i ek ] VINHPWM_outa)
104 m - oo our 6 I . 4 GND € 2 s VIN'(PWM_OUtB)
2 5 EN]fBl::]l_)E Ci] }"J L
UC3845| p TR e G PR o
VIN- O 102 T T o
_‘[_ 1 C12 Cl13
— —= 2.2u/25V 2.2u/25V
Gate Drive Circuit cs Isn

tlrolomzsv vVCC Gate Drive

VIN+(+12{]/3+C> e 1) — 7_[_ . S_L 1 $ Voltage
]

VIN- (-12V) ON: +12V
OFF: -3.3V

fent: 4148 D3

J1

c3
ULiiE ! 4.7u (1206) S R6
VIN-C—"J 10K (1206)
PWM+O— 3 (
PWM-O—— 4 R2 U2 % D2 4148 G
From PWM — 5 PWM+ VCC |zovee -
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DRVE800 IC

® To Generate £12V square wave voltage for gate drive power

® |t can provide 2.8A output current
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+12V Power F VBB VIN+(PWM_outA)
VBB ‘2P | VIN-(PWM_outB)
kL _T_ i i Pre- :lounf
Bl I 0.1 pI 01 pF|_ VCP Ver driver _| \
= T LI To Gate
il i Charge = 1
01uF[ cp2 Pump V_(I:_P veB Drlve
oo L | N Circuit
egulators Pre- OUT-
reouet driver _| )
Core SENSE
Logic =
= - RSENSE
= Vucu
Protection Outputs
Overcurrent _’[ NFAULT
Inputs Monitoring 4%
= Optional

ENABLE

nSLEEP

Temperature
Sensor

Voltage 1 0.22 pF
Monitoring | L
MIN MAX UNIT

VBB Load supply voltage® -0.3 40 v

Output current -28 I 2.8 A
Vsense Sense voltage -500 500 mV

VBB to OUTx 36 "

OUTXx to SENSE 36 \"
VDD Logic input voltage @ -0.3 7 v

Continuous total power dissipation See Thermal Information

Operating free-air temperature —40 85

Maximum junction temperature 150 & g % E # Eﬁfﬁﬁ m /A\ —;_—q

Storage temperature —40 125
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PMSM i 32
h %
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AR % 5 E (PMSM) %4

(b)

*k pE 3N SPMSM R X IPMSM
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Generator
Load

N. C.

PMSM & £ -3 & % & (400W, 3000rpm)

GYINSTEK




PMSMZ% »
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abCi: bt 2 TF TR 4250 °
_Va rs O 0 Ia d Z,a
Vb = 0 rs 0 Ib + a ib
_VC O O r-S iC /1(;
_ﬂa La Lab Lac Ia COS@re
A=l La L Ly |y |+ 2| cOSEO, —120°)
(4] ke Lo Lok cos(@,, +120°)
La ab ac
L. L L ;me BT PRl T3 PLEiia
Lca ch Lc
L, + L, +L,cos26, - '2-0 +L,,cos(20, - 2;[) |2'° +L,,cos(26, + 2;)
=| - 2L +L,,c0s(26, -2;’) L, +L, +L,cos(6, +2;) L, L, c0s26,,
Lo L, cos(20., +2;[) ' |2‘° +L,cos20, L, +L,+L,cos26, - 237,[)
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PMSM=*+ ABC#hz_ % 3§ B & 4251

v, | |r, 0 0]i,
Vo =10 1, Ofi, [+
V, 0 0 r |l
L, +L, +L,cos20,
dizh, L, cos(26,, .2y
dt| 2 3
Ya oL cos(20,, +2—7T)
2 3

cosé,
cos(@,, —120°)
cos(@,, +120°)
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0

+L, cos(26, - 2—”)
2 3

L, +L,+L,cos26. + %ﬂ)

"o

+L,c0s20,

0

+L,cos(26, + 2?”)

"o

+L,,cos20,

L, +L,+L,cos@2é, - %ﬂ)
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Three-phase reference frame  Two-phase reference frame Rotating reference frame g
b o =
B A i 3 \ )
\\ I
\\,\/ 49_/
o axis
Iq
ii&:::::::f
abc to dqo . cos© cos(@ — 2%) 005(9 + ZTTC) o
Va Va
e _2 . . 2m) . 2m) | .
b  ale Vg| — 37 |sin® sm(@ — ?J sm(e + ?j v
o T ] Vv v
! - 1 1 1 .
| 2 2 2 |
dqo to abc o cos0 sin© |
¢ 2 2 Va
ofd  ale ¢ COS( ——R) sm( =l
vy = 3 3 v
oo o b o q
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Clarke and Inverse Clarke Transformation

abc to aff 1 _l _l y
oxa allw Vu —_— 2 2 2 ’
b B ' . Vi
:c belwa VB 3 0 '\/5 _;\/3
i 2 2 | Vel
aff to abc Vb AB
. 1 0 |
bla V, 5 1 ﬁ , VB‘
oA be ol — <~ . — -_ . o
Vb 3 2 2 - »V
VB Va o
B VE!
- 2 2 —
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Park and Inverse Park Transformation

aff to dg _
T T} Vil _ | cos® sinB
ofpe alo V —sin® cosO
T ¢
dq to ap o
Va cosO —sin6
odd allw - *
Vg sin® cosH
oyd bela b —
T
Ag
q
]B‘ d
I
Iy : 6
. -
la a

[ew.ou
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PMSM*tDQihz_ % %

d

Ug = RIg + ;P ~ WePq
d

Uq = qu +E% + w4

©q = Lalg + ¢f

g = Lqlg

d
Ua = Rlg + La-la — welqlq

= 4250
&' R L, a.L
Sy atatatal @
+ > Id
U,
R L, @.(Lglgt+ )

— AAMN aTatatal @
+ > Iq
Uq
_ Is the motor pole-pair
—p.w, Pr pole-p

number

N
—2m  (rad/s)

w
Uq = Rlq + Lq=lq + we(Lala + ¢y) ™~ 60
3 N 30
=W rpm
Te zzpnlq[ld(Ld_Lq)‘F(pf] T " (rpm)
0, = ja)edt
=T,—T,—B
dt L Wm
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Experimental Motor

| C304 C306 C308 C310
#E ECMA 01 2 ([ o4 Y o4 07 10 20
58 I3 (kW) 0.1 0.2 0.4 0.4 0.75 1.0 2.0
FEE B (N.m) 0.32 0.64 1.27 1.27 2.39 3.18 6.37
S A4 (N.m) 0.96 1.92 3.82 3.82 7.16 9.54 19.11
38 T 88 3Z (r/min) 3000
= 8 R (r/min) 5000
EFTHA) 0.9 1.55 2.6 2.6 5.1 7.3 12.05
BREE & A (A) 2.7 4.65 7.8 7.8 15.3 21.9 36.15
BHBAINE (KW/s) 27.7 22.4 57.6 24.0 50.4 38.1 90.6
T8 & (kg.m?) 0.037E-4 | 0.177E-4 | 0.277E-4| 0.68E-4 13E-4 | 2.65E-4 | 4.45E-4
% % B (ms) 0.75 0.80 0.53 0.74 0.63 0.74 0.61
465 B-KT (N.m/A) 0.36 0.41 0.49 0.49 0.47 0.43 0.53
T B % 8-KE (mV/min™) 13.6 16 17.4 18.5 17.2 16.8 19.2
T #4408 # (Ohm) 9.3 2.79 1.55 0.93 0.42 0.20 0.13
T 7 (mH) 24 12.07 6.71 7.39 3.53 1.81 1.50
TR T (ms) 2.58 4.3 4.3 7.96 8.37 9.3 11.4
P ated=400W, N, ,.q=3000rpm 2000

Trated:1'27N m (: P, rated/ 0)m,rated)
R =1.55Q, Lq:Ld:6.71mH
J = 27.7u, Shaft time constant (J/B) = 0.53

Pole =10

V, = Vpk/krpm = 17.4 * 1.414

Wmrated = — o~ 2m=314.16(rad/s)
We rated =(P/2) * (Um,rated:1570-8(rad/5)

_ Vx(3000rpm)

Pr

~ w,(3000rpm)

47m




Motor Parameters in PSIM

GYINSTEK.

Permanent Magnet Sync. Machine : PMSM32

FParameters l Other Inﬁ:l] Color l

Permanent-magnet sync. machine

MName

Rs (stator resistance)

Ld (d-axis ind.)
Lg (g-axis ind.)
Vpk [ krpm

Mo. of Poles P

Moment of Inertia

Shaft Time Constant

Initial Rotor Angle
Torgue Flag

Master/Slave Flag

X

Help

Display
|PMSM32 i
|1.55 ]
16.71m |
16.71m ]
117.4°1.41471.732 ik
|10 i
127.7u i
10.53 ]
[ a
’ e
i .

BRETREEROGARAA

| 41
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oA oB ocC vEN

(=]

Vi, _ V3 ("} ) " 5
(line-line, rms) 7 AN/ a7
.\/5 i)
= ..-._..........man x m, = 0.8, m = 15
22 o

~0.612m,V, (m, = 1.0) o '1':*'[‘;,..,:‘;;.! '1!..',]*: M | T;_ff:f s




Space Vector PWM (SVPWM)

S S; S;
aol bed COJK}
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SVPWM Voltage Vector

Voltage Switching Vectors Line to neutral voltage Line to line voltage
Vectors V., Vi Va ' Vie Vea
0

V, 1 0 0 213 -1/3 -1/3 1 0 -1
V, 1 1 0 1/3 1/3 -2/3 0 1 -1
Vs, 0 1 0 -1/3 2/3 -1/3 -1 1 0
V, 0 1 1 -2/3 1/3 1/3 -1 0 1
Vs 0 0 1 -1/3 -1/3 2/3 0 -1 1
Vg 1 0 1 1/3 -2/13 1/3 1 -1 0
V, 1 1 1 0 0 0 0 0 0
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Voltage Vector of the Space Voltage PWM

(-1/3,-1/-f3) - v, (1/3.-1/43)

001) (101)

® \/ector space can be divided into 6 sections
® V. can be constructed with the adjacent vectors located in the same section

and the zero vector

GWINSTEK. EREIRERAERAD | 45



Conduction Time Interval of the Voltage Vector (section 1)

T T+T>
fvmf = jvldt+ [Vadt+ jvn 7
Tl Ti+T2
.‘.TZ-me=(T1-V1+T2-V2) e 5
ul 72 V
cos(a 2 1 2 cos(m/3 ) :
=T, - A7 (@) =T, - Z- Vg | [+T,- =V, | (w/3) L
sin (a) 3 0 3 sin(m/3)
(where, 0<a<60°) ) T, L T,
qu2| T, L T, LTD,-“E Tmf'2| T T LTE,Q
S, [ |
(upper) S, . .
Ss r——r—ﬂ
ST =T, H_smﬁ(;ﬂ'B—cx) - .
} sin (77 /3) 4
(lower) S,—— I
. Sa | |
- TE — T - ¢l - ﬂ . "I-TD \_r] 1&_.1'2 1'.__7_: W.-T__. 1!;'.__72 -"."T] 1&_.1'3
sin (77/3)
e
s Ty=T, —(I) +T,), |where, T,=— and a=
2 fz 2V
-~ dc

3
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Conduction Time Interval of the Voltage Vectors (section 2~6)

V3T, -rref|( (2 o
s T = Sin(E_Q+TH}

Vdc
J3- T. ‘E‘rej [ n
= SIN — 7T —
Vdc' \ 3 }
\/E-T: ‘F:ref [ n n o
= SIN — 7 COSQ@ —COS— T SIN X
Vdc' \ 3 3 }
ﬁ-?’:-|ﬁrej‘| ( n—1 )
T, = sin| @ ——— T
- V. 3
3T [ref|

.on—1 . n—1
= —COS -SIN—— T +SIN¢ - COS T
V.. 3

0<a<60°
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SVPWMz_ ¢ 1

S PWM

_ |
1®f
_J |
float Pl = 3.1416;
float K1 = 1.732/2;
float K2 = 1.5;
float P120=3.1416/3*2;
/10 0~60
if (x2>0) && (x2<=P1/3))
{
yl =K1 * x1* cos(x2 - P1/6);
y3=K1 * x1 * cos(x2 + P1/6 +P120);
y2= K2 * x1 * cos(x2-P120);
}
/11 60~120
If (x2>P1/3) && (x2<=2*P1/3))
{
yl=K2* x1* cos(x2);
y3= K1 * x1 * cos(x2 - P1/6 +P120);
y2= K1 * x1 * cos(x2 + P1/6-P120);
}
/12 120~180
if (x2>2*P1/3) && (x2<=Pl))
{
yl =K1 * x1 * cos(x2 + P1/6);
y3= K2 * x1 * cos(x2+P120);
y2= K1 * x1 * cos(x2 - P1/6-P120);
}

a al X r ;

(AT .
[T l;1;:e y a @ng

L 1]

/13 180~240

If (x2>-Pl) && (x2<=-2*P1/3))

{
yl =K1 * x1 * cos(x2 - P1/6);
y3= K1 * x1 * cos(x2 + P1/6+P120);
y2= K2 * x1 * cos(x2-P120);

}

/14 240~300

if (x2>-2*P1/3) && (x2<=-P1/3))

{
yl = K2 * x1* cos(x2);

y3= K1 * x1 * cos(x2 - P1/6+P120);/ly2= K2 * x1 *

cos(x2+P120);
y2=K1* x1 * cos(x2 + P1/6-P120);
}
/15 300~360
if (x2>-P1/3) && (x2<=0))
{
yl =K1 * x1* cos(x2 + P1/6);
y3= K2 * x1 * cos(x2+P120);

[ew.ou

y2= K1 * x1 * cos(x2 - P1/6-P120);
I } n



SVPWM f‘s‘;}%
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" Asj)/as .
B1 BSJ ; @
S 120%1 Les )
(V) V¢

SV PIH ': ; \
80 an




N 2
: ’ Wy =75+ 2T Hszdt 5
Lab 1: PMSM2z_ = & #24 60 ¢ ¢
We = = Wy,
| =
de v G,~Gg Q1~Qg
N ks 3-Phase
®Opc + S i Current Gate -
peed |lac | Veond | SVPWM » : »‘ Inverter
—tg_)—> Controller > Cintro[{er Drive
(l)m ) |
| . Sa
g Axis «——®)
: Transformation |« c)
ig i
abc-to-dq  fe—s=t °
Oe ()
w,dt m
B s
e -I—L
Pn
1 o, Encoder
Speed | AB,Z
Calculator|
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where Uy = prchond

Current Loop Control Scheme
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Uq = prm Vconq

dlg
@ Lg— - +RIg=Uq + welql, Y
pwm ZVtm
dl : -
“a _ _ ® K,.m: Inverter voltage gain
@ Lq dt TRIg=Uq = we(Lala + ¢r) ® V., :the amplitude of PWM
triangular waveform
LPF ® k. current sense gain
P Ky |e
s+p
iq G,
i + K;; + _ Veond Ua + 1 )
lge —» L Kpwm > |
i 1 | 1
i T I welql
we i — o 1. Feedback + Feedforward Control
— 2. G,:Pl+LPF=Type 2 regulator
ta J 1 we(Lglg + ¢f)
> Ld ks + Q@ prm |
+ ]
- + KIL' + Vconq K UCI+ 1 R
lje —>O——> Kpi +— pwm L TR J > |
: G, )
g &)
P K

<
h S

- S+p
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Current Regulator Design

Bode plot of current loop

Set u, to be 1/8~1/10 of the switching frequency(f,)
Setz=u,/3

Set p =fJ/(4n)

Find K

e\

GWINSTEK. ERRIEERGERAY |
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Requirement of Loop Gain

| T | L Low frequency gain

0dB

LSRR >
Bandwidth |

~_

PM |
(Phase Margin) |
-180° -

« High low-frequency gain for good regulation accuracy
* Wide bandwidth for fast response

* Enough phase margin PM>45°

» Enough gain margin GM>10~20dB

GWINSTEK. ERS7EERAERAT | 53

GM
(Gain Margin)

LT




3 3
T, = Epnlq[ld(l'd - Lq) + QUf]ZEPanQUf = KTIq

[ew.ou

Speed Regulation

dwy, B 1
2m e o a=— p=-—
J—% =T, ~T, - Bay, T
Ty,
G I
Wi [ / i I T, - \
" e ® Ko+ | T 1 'q=K1 q=KT- e+cl SEa om |
S S
K,le

Speed regulator design — G

® Usually PI is adopted as the @,
speed regulator
® The crossover frequency (®,) GH(Loop Gain)
can be assigned to be 1/10 ~

. 1/4 of the current loop I o H
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Speed Tracking

G T
f G |
Wme | o, s+ " K 'qc / ] 1 ICI Te +l b wm\
—| (D) —®— Ki+2) 1 4, " Ky F———>0— >
W; S+ wp S Ks s+a

A
A

Feedforward Controller (Gy)
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Requirement of M

Closed-loop

amplitude ratio Set-point

step response

1.4 —
L My = 1.25 =2
Y= :
. 1
1.0 :
- | »
| 1
0.8 |
R N p——— _:.____
0.6 |— [ 1
.. I 1
1 : oz
) “» i Time
Frequency

® M- is the peak value of M
® M should be selected so that 1.0 < M.< 1.5
® The bandwidth wg,y, and the frequency w, at which M

occurs, should be as large as possible. Large values
result in the fast closed-loop responses
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System Parameters

DC Voltage V,= 130V

f,=20kHz, Vy,; =5V, (PWM)

C4 = 330uF

L. =6.71mH, R=1.55Q, ¢=47m V/rad/s
K, =1/3.375 (current sensing factor)
K, = 1/71.556 (DC voltage sensing), K, = 1/3.3375 (current sensing)
Max Speed=2000rpm

Max torque = 1.27Nm

P=10

K;=10.3524 Nm/A

Current loop bandwidth f_,; = 750Hz
Speed loop bandwidth f_, = 50Hz

GWINSTEK. EREIEERAERAD | 57
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Matlab Controller Design (1/2) f;;g‘;frg{‘jg?sﬂgfsrdesign

p =10e3 *2*PI;
numLR = 1;

[ew.ou

% PMSM Vector Control

g:‘; denLR = [Ls Rs];

Pl = 3.1416: HLR=tf(numLR, denLR);

% Motor parameters gulel',PFF_: g; .

Po = 400; oL = L Pl

Nrated = 3000- LPF=tf(numLPF, denLPF);

P = 10- - ' Hi = kpwm * ks * series(HLR,
e . LPF);

Wmrated = 3000/60 * 2 * PI; fcoi = 750

Werated = Wmrated * P/2;

] — * * Te
Tn = Po/Wmrated wcoi = 2 * PI* fcoj;

Hir = freqresp(Hi, wcoi);

ks; == 61'7515?_3; GainHi = abs(Hir);
Vf = 17.4 * 1.414 * Nrated/1000; Z = Weol/>;
ti=1/z
F = Vf/Werated Gil = 1 21
J = 0.227e-6: numGil = [1 zJ;
Tu =053 denGi = [1 0];
B = J/'i'u" Gil=tf(humGil, denGi);

Gilr = freqresp(Gil, wcoi);

Kt=3/2*P/2*F GainGilr = abs(Gilr);

% Inverter parameters K1 = 1/(GainHi*GainGilr)
=09 Gi = K1 * Gil;

T i s GiHi = series(Gi, Hi);
ws = 2 * Pl * fs;

wmin = 100 * 2* PI;

ks =1/3.3375;
~ ! wmax = 50e3 * 2 *PI;
Vtm = 5; 9

bode(Hi, Gi, GiHi, {wmin,

kpwm = Vd/(2*Vtm); wmax});
grid;
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Matlab Controller Design (2/2)

% Speed regulator design

[ew.ou

J = 100e-6; % Speed tracking controller

B =J/Tu; design

a=B/J; p = 100;

b=1/J; z = 250;

Kw = 1/100; numGf = p/z * [1 z];

numH = Kt/ks * Kw *b; denGf = [1 p];

denH =[1 a]; Gf=tf(numGf, denGf);

H=tf(numH, denH); L = GH/(1+GH);

fco=75 M= Gf*L;

wco = 2*PI*fco; figure(3);

Hr = freqresp(H, wco); bode(L, M);

GainH = abs(Hr); grid

fw_—wf})z/S' Tn = 1.2732
numGL = [1 2]; F= 0.0470
denG =[10]; Kt =
G1l=tf(hnumGl, denG); 0.3524
G1r = freqresp(G1, wco); fcoi = 750
GainG1r = abs(G1r); ti= 0.001
K2 = 1/(GainH * GainGL1r) Kl= 2

G =K2*Gl; _

GH = series(G, H); I\CNO__ g%l
figure(2); e
bode(H, G, GH); K2=2
grid;
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Bode Plot of Current Loop

Current Loop
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Bode Plot of Speed Regulation Loop

Speed Regulation
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Bode Plot of Speed Tracking Loop

Speed Tracking
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Simulation Circuit
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Simulation Result (1/3)
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Simulation Result (2/3)
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Simulation Result (3/3)
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Speed Measurement with Incremental Encoder
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e Encoder = 2500 ps/rev
) ; _:\J. B\
"ig 2 &y (12) Count = =2500 x 4 = 10000 ps/rev
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Control Circuit Realized with SimCoder
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Simulation Result (1/3)
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Simulation Result (2/3)
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Simulation Circuit
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Simulation Result
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Control Circuit Realized with SimCoder
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Simulation Result
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Simulation Circuit
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- R_estimate 1
static float Va, Vb, Rds=0.27, Vf=0.7, Vcon, Ts=50e-6, td=1e-6, vtm=>5, Vd=130, 1dc=3.3375;

Vcon = x1,;

Va= (Vd-Rds*Idc) * (Ts/2 + Ts *Vcon/(2*vtm) - td) - (Ts/2 +td - Ts * Vcon/(2*vtm) ) * VT;

Vb = (Vd + Vf/2) * (Ts/2 + td) + Rds/2 * Idc * (Ts/2 - td) ;

yl =(Va- Vb)/Ts;
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Control Circuit Realized with SimCoder
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Control Circuit Realized with SimCoder
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Control Circuit Realized C\évith SimCoder
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FRE3Ymig R
e é@ﬁ% iﬁ?"%‘/g‘—r (Id:O) » HedVF R A

Ug (K)+ D (K)Veeag = Rig (K) + 0 (k)

f* AR EAE T UTTRAREE T
F¥Ym :

0 (K1) = 7, (K) + 2700 (K) (U, (K) + Dy (K) Vg (K)
- Riy (K) -7 (K)eo(K))
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Lab4: & =% B B2 @ RHE4I(FHORB T 2)
(Shding Mode Observer, SMO)

i,.=0
de v G,~Gq Q1~Qs
conq
) 3-Phase
®Opc + Speed | Current Gate
. ,0—»| Spee © Veond | SVPWM : Inverter
"3 Controller Cintro[{er Drive
O i l BGE i
i
- o—P l—e—=] ab-c <S|Lo
to to || e
| ! D
Ocr d d-q |t A 0B =1t o
1/p, f w.dt F—>
| ua
| | [
SMO Ua| to [T
< uﬂ (X—B —

(Dm
Te
PMSMdFBl L oad
TL
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SMO Fundamental

Consider the system of the form:

[ew.ou

f(x,t) and d(t) represent the nonlinear
X=AX+Bu+ f(x,t)+d(t) uncertainty and external disturbance

® Switching Surface

Define a surface function o(X) = HX
The equation o(x)=0 defines a linear surface (hyperplane), which is

called the switching surface S.
® Equivalent Control
Consider the unperturbed system
X = AX + Bu

Uy = —(HB) ™ HAX

The equivalent control, which is found from the constrains o(x)=0 and ¢ (x)=0.
® Sliding Dynamics
X =[A—B(HB) *HA]x
GUWINSTEK. = A.X BABIRERGARAD |




[ew.ou

® Reaching Control

In case the system states do not locate on the switching surface due to parameter
variation and disturbance, an additional control called reaching control should be
augmented on the control input to force the system states to reach the switching

surface
U= Ueq + UR

The condition to guarantee the hitting of trajectory of the system upon the
switching surface from arbitrary initial state is

co<(

B Uz =—(HB) ™ k(x,t)sign(o)

kK(x,t)> ‘ Hf (x,t) + Hd(t)‘max

GWINSTEK. EREIEERAERAD |112
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Sliding Mode Observer (SMO)

[ UCK- _ R + pLs al sin 6
PMSM Model lUB_ B lo R+ pLS] llﬁl + lEB] lEﬁ]“‘)e‘pfl cos 0,
in a—f
d ‘Ial . llal N 1 anl 1 lEal 4= i[—R O]
\ de Lip Il " L 1Ugl LglEp L;10  —R y
U, I E,
— I. = —
Us [Uﬁ] * [Iﬁ] Es Eﬁ] N
- : - - I
Sliding surface function o=I,=1;,—I; = Iff]
g
I} N 1 anl 1 ‘Val
Observer dt I,; Ll sl T W
_ d[l] 1‘,; 1 [Eq — Vo
Errorequation - e j/; L. [Eg — Vp
Ksign(l, _ _ R _ _ ~
lvﬁl [KSlgnUB —p| K> max{—R|l,| + Eysign(I,), R|Is| + Egsign(PB)}

As enter into and stay on the sliding surface, it will be c=6'= 0
‘ d [ =T = lEal B lVa] _ [Ksign(Iz).,
dt Egl — 1Vgl,, Ksign(Iz).,
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Conventional Angle Calculation Method

Ea| _ [<—E; + K -sign(Iz))/x
E‘E (—EE + K- Sign(lz))/r
Mtap _ E,
® | ow-pass filter is employed to f.q = —arctan(=2)
reduce the switching signal Ep _
® Thel . e ~ o, is the cut-off
e low pass filter will introduce a . W, c
- 0e = Oq + arctan(—)  frequency of the low
series phase delay of the rotor angle W Dass filter
® A compensated angle is required to —
compensate the angle delay ,/Eé + Ef
We = ————
Pr
e
Ud Lo+ Va Fe [0 o] -
U smo | ~ O > Sign() | Low-pass [ e~ eg)\ L
N lg : i | Filter Ep R arctan(w:e)
7y + |
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Phase-Lock-Loop (PLL)
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AE = —E,c0s6, — Egsin®, = kdsinf,cosb, — k,c0s0,sind,
= kysin(8, — 6,) = kd (6, — 6,)

Cos()

® PLL omit the complex
computation of arctan
P BN Py G, function
s ® |t also omit the low-
pass filter that may
cause a series phase

Sin() delay

Equivalent control loop

+ KI —

HeHT— Kq K, +— 1/s » 0,
] S A= 2
e S
| 0. s%+kdKys + kK,

kd:(Lq — Ld)(a)eld — plq) T WePr = WePs
| 4

v

D
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SMO+PLL Speed Observer

1/p
R/L | n
I a Y
Xk = D |<— One
1/L \L _ Slgn K LPF _1 .......................................................................
U, M —=o—0— =0 O —F U 1 G
1 o e T
Cos()
1/L
R/L | Iﬂ
pe
i
1/L fL J&Sign K LPF PLL
U HE—0—0— T =0 £
T E LT Sin()
K L Vi sk
LT |5 f
SMO YL e
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Simulation Circuit
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@@ @etaE
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e T Y
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Vconc ¢ be
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v K
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Simulation Result
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Control Circuit Realized with SimCoder :
=
Q.
Veconal =i o 5 J}JJ}J%
I : H 5 ’_vfmas?s L Adsa |
v bl - » s PMsSM ——
VZ‘:;Cl = I 133975 R | 1000rpm 80EL
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’—‘E} ’—‘E§ “ j__ 3000rpm 80*3E4F
B E A 2*3.1416/60"5
Veonb Y 1/71.556 % e
~Torg -
@)
("Yeana
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I g | :
N E R A T et
—dc be Ibf
Csa—{F=]
e ]
lsc

273.14159/60

Vdc/(2"Vim)
71.556/10
[}
v a < Vaf
Vaonb 1)
1 ] > VbE
Vconc c bep—— ] ]
>

1/6.71m

Lab4 sensorless SMO1
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Simulation Result
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Lab5: =% @R B2 @ A48 F BF BRI FiZ)

Idc_

| Veong G,~Gg Q:~Qs
Oy + Speed i — " Current Gate 3-Phase
. so0—»| Speed |l Veond | SVPWM : Inverter
R Controller Cintro[{er > Drive
Ome | l Ok I
- o—f q—o# a-b-c <SiL0_
- to i to |2 D)
| l —
HeE ‘ d-q < £ OL_B < Isc '>
l/pn fa)edt —
ua
® Self- a-b-c o
eE e u,
Adaptive Uyl to Uy *
SMO [ ug | o-p =

GWINSTEK. EREIEERAERAD |121



Sliding Mode Observer (SMO)
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Error equation

dt

d . ~ —
— I, = Al + K, E + Ksign(s)

/ d I, 3 Ua] —QrweSing, \
EIS = AIS + BUS + KeES IS - llﬁl US o [U[g ES - (pfa)ecosee
R 1 1
. L 0 L 0 -— 0
- R ! R A
L | L 0 L)
PRI [—wfwecc_)we] — o, l_EB PMSM Model
k —QrweSinb, I8 in o—P /
Sliding surface function s=L=0L—-I, = [I,E‘]
I
AT — AT 4 BU, + K,E, + Ksi [k 0
Control law dt S s s+ KeBs + Ksign(s) K = 0 k
k<min[- 20 - LiEL - Rn - LiE EAzl_‘pf@Siné;]
<mln[—L—S|s|—L—s a|»_L_S|B|_L_S| Bl] s (pfa’);coséz

As enter into and stay on the sliding
surface, it will be

— i
= —Ko "Ksign(s) |uepaemupemsysey




Self-adaptive Law and PLL
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Select Lyapunov function

d T~ —_ —
—E =—w_E; —LE A——
d;“ o V=2 (Ea+ Ej + wg)
2 Bp = @eEq — lEg 3
A V = Euliy + BgBp + @@, = —I(E3 + E}) < 0
_a) o - - .
de e ew Stability of the system is guaranteed
................................................................. -~
N P,
E, | M) o
E, . E/'; _. ............ +ﬂ ..................................... é;
| &ZJ J o X %ZJ PI T
W,
X P4 H
g §§ CcCOSs

sin

Self-adaptive |
ERS7FEERGERAT (123
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SMO+Self-adaptive+PLL
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Simulation Circuit

SV WM

Veonal 3

. '.1.f3_33?5 . ﬁa .
. rTJ\Jf3.33?"5 . Asp
. /33375 . ﬁﬂ C

1000rpm BORLHE

80350+ 2000pm BO2ELHE
3000rpm 8073EL4E

0 cona J: .
Veonal | } |
Veonbl — }
Veonel_— }
.| 20k
-0 f
= al Ia
) ——HAE
— Ibf
—
: =
El =
nooo
2*3.14159/60  1/100
Vdc/(2"Vtm)
71.556/10
B Vdc,
Y a
@ X a al ’_@taE
% I .
Veconc = e b |:
) il
=in I
il

1/68.71m

A sensorless SMO_aptl
1] 4

ERBTHEERGBMAFT [125



Simulation Result
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Control Circuit Realized with SimCoder
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Simulation Result
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Lab6: & 8 @R B2 & BRITH]
(Model Reference Adaptive System, MRAS)

idc:O
. —
Ome +,0 J Speed |lo¢
R Controller :
Ome
BeE
1/p, >
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Controller | Veond f SVPWM » Drive - Inverter
eeE i
iy l i Iy
® o— 2 1 a-b-c <I—o
b
i To i t0 | SI D)
r d-g op f—tol o
\4
u u
" abc *
MRAS U, to | ub ®
4 d-q & O,
~ T,
TL

[ew.ou



[ew.ou

Model Reference Adaptive System

Reference
Model

U — /

Adjustable
Model

/ Parameters

Adaptive Law
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Reference Model
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d
Ud = Rld + Ldald — (,()eLqu
d-q Model of PMSM d
Uy = Rlg + Lg—I, + we(Laly + @)

1dt
Expressed with state d —1I; = _Eld + wel, +lUd
equation of current dt Ls Ls
d R i 1
— — I, =——1I, — welg — L w, +—U
dt 9 T e @elaT @eT T
R @ 1 Ro
Rearrange —a Pry B Y1 [ +—(U f
—I,=——1, Iy +-1) +—U
atla = T lamwelat 70 +7Uq
ks Reference Model d I, = I, + w1, + ! U
I, =1, dt ¢ L aT Yela T Ya
, R j'> d R Co1 @
Ud:Ud‘l‘L_s(pf Elq:—ll—s[q_(l)eld +_Uq

ERRTREERGBRAF [131



Adjustable Model

[ew.ou

d
—1I' = Al' + BU'

dt
R 1 O—
! —_ w —
I’ = Id ! UC,l A = LS ‘ B _ LS
ICII U= Uc,[ R B 0 1
we LS— LS—
ity S S S
it 7 A w
dt d Ls d elq < d °
il S SR
—_— —_— — — W
A P
R —_~
L5 A0+ BUY I N
dt” "= [1’7 ] A=l R
We ——
err =1"—1' - Ls.
R
— — a) —~
: d [err, Ly ¢ |[erTy I
— = — — . 0 -1
Error equation 7 le’ffq] R le?f"ql J(w, — @) 171 J = [1 0]
We —T
L
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Adaptation Law

d I
—err = Agerr — W .
dt Ul err, =1 XxT
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R —
-—— W
L ¢ - i
Ae = ] R W = J(we — we)l’ e
i L. /A
: - I 6, = d 7y
According to Popov stability criterion: ‘ J o 4 &, Pl

(1) H(s)=(sl-A)'is strictly positive real;
(2) n(O, tl):fot Viwdt > —y3,vt, = 0,2 is positive and lim err(t) = 0, so

t—>oo

MRAS is asymptotically stable

t
o= | K(1. =1"1")dt + K. (I.1" =11 (Derived from the solution of Popov
= | ol Tag)dr v K, (o ~Try) - (@erived

__(Ki
We = (? + Kp> err,,

erry, = Igly — )1, =1' x T

___ (K ~ ~. 9 ~ _
Rearrange We = \—+Kp | lalqg — 1alqg — L_(Iq —1Ig)] 0, = j w,dt
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MRAS Realization

(K ~ ~ 9 ~
W, = (? + Kp) g, — T4l — L—S(Iq —1,)]
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Simulation Circuit
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Simulation Result

theta thetak
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Control Circuit Realized with SimCoder
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Simulation Result
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Thank you for your attention
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