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DIEU CHE VECTOR KHONG GIAN CHO BIEN TAN BA PHA
HAI MUC TREN HE THONG NHUNG ARM CORTEX

IMPLEMENTATION SPACE VECTOR PULSE WIDTH MODULATION
FOR THREE-PHASE TWO-LEVEL INVERTER BASED ON ARM CORTEX EMBEDDED SYSTEM

TOM TAT

Bién tan ba pha hai mic s& dung cong nghé diéu ché vector khong gian
(SVPWM) la mdt trong nhitng cdu triic bién tAn pha bién nhat hién nay. Qua trinh
thiét ké ché tao hé thdng thiét bi bién tan thuong qua cc cong doan: md phdng,
thuc hién thiét ké phan ctng, Iap trinh phan mém trén MCU, hiéu chinh... Viéc
phén tich, m6 phéng va deé xuat giai phap cai tién bién tan dé c6 kha nhiéu tai
liu & cap. Trong bai bao nay, chling toi sé tap trung vao véan d@ thyc hién giai
thuat SVPWM trén hé thong nhling mdt cach chi tiét. Gidi thuat SYPWM duge thir
nghiém trén hé nhiing ARM 32-bit Cortex M4 va md hinh bién tan cng suét nhd
@& minh hoa cho qua trinh trién khai va thuc thi hé thong.

Tir khod: SYPWM, kit STM32F4-discovery, bién tan ba pha nguon ap.

ABSTRACT

Two- level three-phase inverters using space vector modulation technology
(SVPWM) is one of the most popular inverter structures. The process of designing
and manufacturing inverter systems is often in some steps: simulation, hardware
design, software programming on MCU, test correction, etc. Analysis, simulation
and improvement of inverter has a lot of documents mentioned. In this paper,
we will focus on how to develop SVPWM modulation programming for two-level
three-phase inverters on an embedded system. The system is tested on ARM 32-
bit Cortex M4 embedded systems and small power inverter model in order to
explain the SYPWM implementation process.
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Nguyén Van Doai, Quach Birc Cuong”

1.GIOI THIEU

Cong nghé diéu ché vector khéng gian (SVWPM) cho
bién tan ba pha dé tao ra cudc cach mang vé ky thuat bién
tan. Tlr d6 phat trién dugc mot thé hé bién tan cho phép
diéu khién mém tan so, bién do va goc pha. Trén co s& nén
tang diéu ché SVPWM cho bién tan ba pha hai mdc (2L3P),
gan day cac k¥ su, nha khoa hoc da phat trién thém mot
loat céc bién tan véi cau trdc va gidi thuat diéu ché SVPWM
da bac (s6 bac > 2) c¢6 séng hai thap va cong suat Ién. Tuy
vay cdng nghé SVPWM cho bién tan 2L3P van la cdu trdc
nén tang va duwoc st dung rat pho bién hién nay do: 1) cau
trdc don gidn; 2) hoat dong tin cay; 3) giai thuat diéu ché
khdng qué phtic tap... D4 co rat nhiéu cac cong trinh cong
b6 vé SVPWM cho bién tan 2L3P [1, 2, 3]. Song phan I6n cac
cong trinh trén chi cdng bo trén phuong dién ly thuyét,
tinh toan moé phong va néu cé dé cap dén van dé trién khai
hé thdéng thuc thi hau nhw céc tac gia chi dua ra két qua
thwe nghiém. Cac van deé chi tiét trong k¥ thuat trién khai
thuc hién SVPWM trén moét hé thdng nhiing da duoc “che
mo” di va it dé cap dén. Trong bai bao nay, chidng tdi trinh
bay cach thirc trién khai thuc hién SVPWM cho bién tan
2L3P trén hé théng nhing ARM 32-bit Cortex M4 str dung
I6i chip STM32F407VGT cla hing san  xuat
STMicroelectronics. Cau trlc bai bdo duoc trinh bay theo
thir tw: 2) cdu trac phan cing; 3) thuc hién giai thuat diéu
ché; 4) thuc hién hé thong; 5) két qua va 6) két luan.
2.CAU TRUC PHAN CUNG

Phan crng thtr nghiém c6 cau trdc mo ta trén hinh 1.
Mach ddng luc gdm 6 tranzitor C828 (S;, S,.... Se). Tai ba
pha str dung cac dién tré c6 gia tri 1kQ. Bd diéu khién sl
dung kit STM32F4-discovery v&i MCU STM32F407VGT. bay
la mot trong cac MCU tién tién, hién dai va da dung bac
nhét hién nay. STM32F407VGT c6 cac thong s6 co ban nhuw
sau: I6i chip xt ly ARM-32bit Cortex M4 + DSP; t6c d6 xung
nhip 168MHz; bd nhé Flash 1024kB; RAM 192kB; 24 ADC
channels 12-bit t6c do 1&y mau lén toi 7,2 MSPS; 2 DAC
channels 12-bit; 17 Timer (15 timer 16-bit, 2 timer 32-bit)
v6i 2 Timer 16-bit dung cho muc dich diéu ché SVPWM; 3
12C; 4 USART/2UART; 3 SPI; 2 CAN; SDIO interfaces [6].

Trén kit tich hgp san bd nap ST-Link V2 giao ti€p qua
chuan USB thuan lgi cho qua trinh Iap trinh thir nghiém hé
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théng. S dung trinh bién dich Keil-C V5, phan mém céu
hinh vi diéu khién STM32CubeMX va tap thu vién HAL dé
phat trién thir nghiém hé théng.

Core Drivers
(Intemal)

uVision® 5

Integrated ¢

Development
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3,3VEF
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Hinh 1. M6 hinh th(: nghiém giai thuat diéu ché bién tan ba pha hai mic
SVPWM
3. GIAI THUAT BIEU CHE

SVPWM
inverter

SVPWM
inverter

inverter
c

Hinh 2. C4c cau triic khdi In-Out clia bién tan

Trong céc hé thong digu khién st dung bién tan la co
cau chap hanh déu nhin nhan bién tan la mot khau khuéch
dai c6 hé s6 bang 1 c6 chirc ndng sao chép nguyén trang vé
bién d, tan s6 va goc pha [4]. Ta cé thé thay trén cac so do
cau tric hé théng diéu khién thi bién tan la mot khau véi
cap tin hiéu vao ra tuy thudc vao phuong thirc diéu ché. Co
3 hinh thirc dau vao nhu sau tuong (rng voi cac hinh 2.a, 2.b
va2.c.

1. Pauvao lacap dién ap trén hé truc toa dd cé dinh 1,
vaVg.

2. Pau vao la cap dién ap trén hé truc toa dod quay V,,
V, vagoc pha ¢

3. Pauvao la bién do6 vector quay cla dién ap V, va goc
pha 4
Trong bai bao nay xem xét bién tan SVPWM nhv mot
khau véi tin hiéu vao la bién dé vector quay V; va goc pha ¢
(hinh 2.c). Néu coi bién tan la ly twéng (tan s6 séng mang
dd l6n, t8n that dién &4p va cong suét bang 0, van cong suét
dong cét ly twdng, khdng gian diéu ché 1a dudng tron ndi
tiép da giac (hinh 3), thoi gian ngung dan trén mot nhanh
van bang 0,...) thi dién &p pha clia bién tan tinh bai (1).
Vo (6) = Vicos(at) = st,maxC(“(wt)
Vy(t) = Vicos(wt + 2m/3) = yV; paxcos(wt +2m/3) (1)
V.(t) = Vicos(wt —2m/3) = yV; maxcos(wt — 2m/3)
Trong do6, hé s6 diéu ché bién do6 y = [0, 1, bién do
dién &p I&n nhét c6 thé diéu ché dugc 1a V; e, =Vac/V3
vatdc do gécw=d¢ Mt [1,4]

Hinh 4. Biéu ché V., tai Sector thir n

Theo [1, 2, 4] d€ diéu ché duwgc vector dién ap quay co
bién do va géc pha bién doi trong toan bd khéng gian géc
2r thi ta chia khdng gian thanh 6 sector va thyc hién viéc
duy tri cac vector goc (V,, V... Vg) trong nhitng khoang
thoi gian quy dinh khi vector dién &p dich chuyén vao cac
vung sector tvong tng. Thoi gian diéu ché T,, T, va T, cho
cac vector V,, vaV, ., nhwsau [1, 4]:

( V3V,|

| Ty = Tywm K sin (§7T - ¢)

{ V3V, n-—1 )
T = T ' (_ )

| To pm [ sin 3 T+ ¢

\Ty = Ty —Ta = Ty
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Trong d6 n =1, 2, 3,..., 5 chi vi tri sector ma vector V,
dang thudc pham vi khéng gian doé. T,, T, va T, lan luot
khoang thoi gian ton tai cla vector thi V,, V, , ;va vector V,
hoac vector V;, trong mot chu Ky T, Thay Ve =¥V e

VAV, max =V ae/V3 Va0 (2) cO duoc:
/m
T, = YTpwmSin (§TL’ - ¢)

7'[+¢)

3)

———

) n-—1
Ty = yTwmsin (— 3
kTO = prm - Ta - Tb
Phuong trinh r&i rac ding dé tinh toan, cap nhat di liéu
trén MCU:
( o (T
(Tal) = Y (O Tpumsin (37 = ¢()

. n -
| T (k) = Y0 Tymsin (=7 + (K))
\Ty () = Ty (k) = Ty () = Ty ()

Trong (4), y( k) dai dién cho bién do dién ap duoc diéu
ché, ¢( k) dai dién cho géc pha cla vector quay va tan s
lw6i xoay chiéu.

So d6 va giai thuat diéu ché dwgc thé hién trén hinh 5
va bang 1 [1]. Lvu y, tai Sector 6 thi T, T}, 1an lwot la thoi
giancua Vg, V;.

(4)

Start
g N
Y
( Read: g!. {F&'} and ﬁ‘{f%} (
Calculate
Ta, T, To —
Calculate
Ta, T, To —
Calculate Update:
To, To, To — T, T, To
to Timer
Calculate registers
Ta, T, To —
Calculate
Ta, T, To —
Calculate
Ta, T, To —
: I
N ¢
Y
End
Hinh 5. Gidi thudt diéu ché SVPWM
Bang 1. BAng dong ngat clia cac van [1]
Sector Van S,5;S; Van S,5,5;
S=T AT, +T,/2 S=Tyf2
S=T,+T,/2 Se=T,+Ty/2
S=T,/2 S=T AT +T/2
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S=T4Ty2 S=Ty+Ty/2

Il S=T AT +T,/2 S=Tol2
S=Ty/2 S,=T,+Ty+Ty/2
S=T/2 S=THT+T/2

Il S=T AT +T,/2 S=To2
Ss=Ty+T,/2 S=T4Ty2
S=Tyf2 ST AT T2

v S=T,+T4/2 Se=Ty+Ty/2
S=T,+T,+T,/2 S,=Ty/2
S=T+Ty/2 ST T2

Vv S=Ty/2 Se=THTy+T,/2
S=T, 4Ty +T,/2 S,=Tyf2
S=T, T +T/2 S=Ty/2

Vi S=Ty/2 Se=T,+T,+T,/2
S=T,+T4/2 S,=Ty+Ty/2

4. THUC HIEN GIAI THUAT SVPWM TREN HE THONG
NHUNG ARM CORTEX

4.1. M6 ta cai dat Timer

Trén MCU STM32F407VGT c6 téng cong 17 Timer (ng
dung cho nhiéu bai toan khac nhau. Trong dé c6 2 Timer
(Timerl va Timer8) vgi cau hinh 16-bit ding cho phat trién
SVPWM ba pha [6]. Trong bai bdo nay, ching t6i st dung
Timerl dé cai dat thuat toan SVPWM. Timer hoat dong &
ché dé SVPWM thuc chat 1a mot bd dém phdi hop véi khau
so sanh. Khi gia tri bd dém dat téi ngudng so sanh thi khau
so sanh thire hién chire ndng Iat trang thai tai cac bit-flag va
cac chan dau ra trén MCU tao ra tin hiéu PWM.

TIMX AR ———— ===~ AN A
wave
TwCCRL /N ____
7o X
N
Interrupt Interrupt t ’
R N R ARNRRENXSEREERNS
5y S S O O o S o o
Counter - - a
Update -
InterruptflagJ UIF uF
Timerl_CH1 PwMH
—3 K dead-time —% K— dead-time
Timerl_CHIN | I PWMIL

Hinh 6. Gin d0 séng ctia Timerl trong ché do PWM v6i sng mang dang
tam giéc can [5]

Hinh 6 m6 t& gidn do xung cda Timerl khi hoat dong &
chirc ndng SVPWM. Nhitng van dé chdng ta can quan tam
khi thi€t 1ap ché d6 hoat dong cta Timer:
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1. Hoat dong trong ché dd ngat, khoang thai gian gitta
cac ngat cia Timer chinh la chu ky cap nhat gia tri thoi gian
(T,, T vaT,)diéuché.

2. Thiét lap thoi gian ngwng dan gitra hai van trén mot
nhanh noi ti€ép (dead-time).

3. Gian do song mang diéu ché phai thyc hién & ché do
tam giac can (mot chu ky bo dém bao gém hai buéc dén
Ién sau d6 dém xudng).

4. Cai dat chu ky xung dém bao goébm cac van dé lién
guan dén chia xung dém, dung hoa gilta gia tri tan s6 diéu
ché va do phan gidi diéu ché...

Tan s diéu ché PWM khi séng mang 6 ché do tam giac
cén xac dinh theo (5), [5, 6].

fCK PSC

Jowm = 2(PSC + 1)(ARR + 1) ©)

fek_psc 1a tan s6 xung cép cho timer. Khi MCU hoat
dong & tan s6 168MHz, tan s fcx psc CO gid tri I6n nhét la
168MHz. PSC la gia tri thanh ghi TIM1_PSC va né cé chirc
nang chia xung dva vao bd dém. ARR la gia tri thanh ghi
TIM1_ARR, day la thanh ghi Auto-reload cho b dém. Nhu
vay néu lya chon PSC =15 va do phan giai PWM la 10-bit
(ARR =1023) va fcx psc =168MHz thi séng mang PWM
s& c0 tan sO fy,,,,, =5, 12KHz voi do phan giai 10-bit.

Pé xac dinh duoc thoi gian dead-time can dya vao thoi
gian ON/OFF cula van cong suét IGBT do nha san xuét cung
cap. Phan 16n tham sd thoi gian tré Turn-ON va Turn-OFF
cla cac IGBT vao khoadng duwéi 100ns va dudi 500ns. Tuy
nhién dé tang hé so an toan thi thoi gian dead-time can
phai lva chon Ién hon tong clia Turn-ON va Turn-OFF. Va
phai c6 mot lugng dy tri* nhat dinh. Néu lugng dy trir nay
Ién sé nang cao do an toan tuy vay khi do hé théng sé phai
chiu tén that vé bién dd. Kinh nghiém cho thdy nén lya
chon hé s6 dead-time DT vao khoang tir 1,5us dén 4us la
chadp nhan dugc. Lru y rang vé mat ly thuyét gia tri dead-
time DT khéng dugc vugt qué 50% chu ky bam xung.

Thoi gian dead-time DT x&c dinh theo gia tri DTG trong
thanh ghi TIM1_BDTR [5]:

Bang 2. Thiét 14p thoi gian dead-time trong thanh ghi TIM1_BDTR

T DTG[7:5] Dead-time DT
1 Oxx DTG[7:0] %ty

2 10x (64+DTG[5:0]) X 2ty

3 110 (32+DTG[4:0]) Bty

4 1 (32+DTG[4:0]) % 16ty

V6i gia tri tyrs = DIVXTCK_PSC. Trong dé DIV la hé s6
chia xung c6 gié tri 1, 2, 4 duwgc xac lap trong thanh ghi
TIM1_CR1.CKD va TCK_PSC la chu ky xung CK_PSC [5, 6]. Vi
du Voi fex psc=168MHz, DIV = 2, DTG = 11001010 (hé
BIN) = 202 (Hé DEC) thi dead-time DT c6 gia tri nhu sau;

DT = (324 10) X 8tpps = 42 X 8tprg
=42 X 8 X DIV X tey psc

42 x8x2

—_— X —6
16800000 _ T X107

DT = 42 X 8 X 2 X tey pse =

Mot s6 ham trong yéu khi cai dat Timerl cho diéu ché
SVPWM st dung thw vién HAL do STMicroelectronics
cung cap:

static void MX_TIML_Init(void)

{....

htimZ.Instance =TIML;  //khai bao st dung timerl

htimZ.Init.Prescaler = 15; //cai dat gia tri PSC, hé s6 chia xung vao counter

htimZ.Init.CounterMode=TIM_COUNTERMODE_CENTERALIGNEDZ;//ché d6
xung tam gidc can

htimZ.Init.Period = 1023; //cai dat gi tri ARR, d6 phan gii clla song PWM

htimZ.Init.ClockDivision = TIM_CLOCKDIVISION_DIV2; //hé s6 chia xung
DIV=2

htimZ.Init.RepetitionCounter = 0;

sConfig0C.0CMode = TIM_OCMODE_PWML; //ché d PWM

sConfig0C.Pulse =0;

sConfigOC.0CPolarity = TIM_OCPOLARITY _HIGH;

sConfigOC.OCNPolarity = TIM_OCNPOLARITY_HIGH;

sConfigOC.0CFastMode = TIM_OCFAST_DISABLE;

sConfig0C.0CIdleState = TIM_OCIDLESTATE_RESET;

sConfigOC.OCNIdleState = TIM_OCNIDLESTATE_RESET;

sConfig0C.0CMode = TIM_OCMODE_PWMU; //cai dét Timerl & ché do PWM

sBreakDeadTimeConfig.OffStateRunMode = TIM_OSSR_DISABLE;

sBreakDeadTimeConfig.OffStatelDLEMode = TIM_0OSSI_DISABLE;

sBreakDeadTimeConfig.LockLevel =TIM_LOCKLEVEL OFF;

sBreakDeadTimeConfig.DeadTime = 202; //cai ddt thoi gian dead time, gid
tri DTG

sBreakDeadTimeConfig.BreakState = TIM_BREAK_DISABLE;

sBreakDeadTimeConfig.BreakPolarity = TIM_BREAKPOLARITY_HIGH;

sBreakDeadTimeConfig. AutomaticOutput =TIM_AUTOMATICOUTPUT_DISABLE;

HAL_TIM_MspPostlnit(&htim2);

}

Cai dat Timerl hoat dong trong ché do ngat khi gia tri
thanh ghi counter trong Timerl vé 0x0000.

HAL_TIM_Base Start_[T(&htim2);
4.2. Chuan héa di liéu 1ap trinh

Trudc khi lap trinh thye hién gidi thuat diéu ché SVPWM
can tién hanh chuén héa di liéu. Cong doan nay thuc chat
la lvgng tir hoa dir liéu dé tinh toan trén MCU. Tir (4) chlng
ta can phai chudn hoa 4 tham sé: bién thoi gian T; hé so
diéu ché y; gia tri ham sin trong khoang tlr 0 dén /3 ; goc
quay ¢. Chuan hda di liéu thé hién nhu trén bang 3.

Bang 3. Chuan héa di liéu lap trinh

| Dpaidulieu Dai di liguchuanhéa | S5

TT | Thamsb . . )
Giatri | Donvi Hex Dec |bit

1 |Thoigian | [0, Tpwm] | s |[0X0000,003FF] | [0,1023] | 10
g |Me S0 ey g [0x0000, OXTFFF] | [0, 32767] | 15

chéy

3 | Hamsin [0, 1] [0x0000, 0x7FFF] | [0, 32767] | 15
4 |eécphap | [0,27] | rad | [ox0000, 0x6FF] | [0, 65535] | 16
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TUr (4) va bang 2 c6 dugc cdng thirc tinh toan thdi gian
diéu ché SVPWM trén MCU.
T, (k) = y(k) x 0x03FF X sin(n x 0x2AAA — ¢ (k))
T, (k) = y (k) x 0x03FF X sin(—(n — 1) x 0x2AAA + ¢(k)) (6)
{To (k) = Tywn (k) = To (k) = Ty (k)

12 3 e . W ml m
A A Carrier

g

0x0000 OxFFFF

y

N

I\ TN N wave
VAR WERWAR
| VAR VA B VA S
10 P T
i Interrupts i i E
i Update data i Ag | |
0 i 7

1]

=

Hinh 7. Phan chia dudng tron digu ché va lrgng tl héa thanh phan géc quay ¢

Théng thuong tan s6 séng mang PWM tir 2,5kHz dén
20kHz [4] 16n hon nhiéu lan tan s6 séng sin ba pha. Trong 1
chuky song sinsé com = f,,,,,/f chuky song mang PWM.
NéEu str dung ham sin co san trong thu vién dé tinh thi thoi
gian tinh toan qua Ién khéng di kip cho viéc cap nhat dir
liéu. Do vay thuong st dung bang tra dé tinh ham sin.
Lrong gdc (gia tri dwge chuén hoa) dwgc cap nhat trong 1
chu ky sbng mang PWM:

k

B0 =10 @

pwm
Giai thuat diéu ché trong cac sector la nhu nhau do d6
chi can tra ciru ham sin trong pham vi goc [ 0, 7 BGia st
ta chia dwong tron diéu ché ra lam N =2047 diém tra

(11-bit) thi mot sector sé cd 341 di€ém tra. Lvgng phan giai

gdbc da chuan héa dwogc tra nhd nhat:

OxFFFF OxFFFF
N 2047
Tl (8) suy ra chi s6 i trong bang tra ham sin( i) duoc xac

dinh nhu trong (9). Lvu y tham chiéu téi ham tra bang

sinetable[(unsigned int)(anglel >>5)] trong code.

d(k)  @(k)
i~ —= 9)
dAp ~ 25
Tan s6 song sin nhd nhat ma hé con thuc hién bang tra
duwoc dé diéu ché SVPWM:

f(k)

f%;wm

X OxFFFF = 65535

dAg = =32015~32=2° (8)

fpwm
fmin =

N (10)
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Pé thuc hién viéc diéu ché séng sin & dai tan thap co
thé st dung hai giai phap: 1) ting s6 di€ém chia N; 2) giam
tan sO diéu bién f,,,. Du st dung giai phap nao cling can
lvu y phai dam bao ty Ié f,,,,,,/f = 100 dé giam séng hai
béac cao khi diéu ché.

4.3. Lap trinh giai thuat SVPWM trén cac sector

Mot chu ky tinh toan va cap nhat di liéu diéu ché sé
thuc hién theo trinh tu sau:

1. Xay rasy kién ngat ctia Timerl, kiém tra co ngat UIF.

2. XoOaco ngat UIF.

3. Doc gia tri bién dd V; va goc pha ¢.

4. Thuc hién tinh toan diéu ché cap nhat cac gia tri thoi
gian T,, T, va T, chuyén héa chiing thanh céc gia tri thanh
ghi TIMx_CCR1, TIM1_CCR2 va TIM1_CCR3.

Chuwong trinh ngét cha Timerl diéu ché SVPWM. Theo
mic dinh ham ngét cha Timer s& nam trong file
stm32f4xx_it.c do CubeMX va HAL drive thiét Iap quy dinh.

void TIML_UP_TIM10_IRQHandler(void)

{

if(TIML->SR & TIM_SR_UIF) //kiém tra ¢t ngét UIF, néu UIF =1
{ TIM1->SR &=~TIM_SR_UIF; //x6act UIF

HAL_GPIO_WritePin(GPIOD,GPIO_PIN_14,GPI0_PIN_SET); //dua chan
PD1416n1

svpwm(angle,gamma);  //thuc hién ham diéu ché SYPWM

HAL_GPIO_WritePin(GPIOD,GPIO_PIN_14,GPIO_PIN_RESET);}
chdnPD14ve 0

HAL_TIM_IRQHandler(&htim1);

/ldva

}

Dé linh hoat hoa qua trinh st dung module SVPWM nén
xay dung mot file ma ngudn C riéng dung chira cac chuvong
trinh con. File C nay c6 tén svpwm.c chita hai chuong trinh
con: 1) ham cai dat timer void MX_TIM1_lInit(void); 2) ham
diéu ché SVPWM void svpwm(int angle, int gamma);
3) bang tra ham sin const int sinetable[341].

Luu y: 1) tinh ham sin trong chuong trinh bang céch tra
bang; 2) c4c giai thuat diéu ché SVPWM trong céc sector 2,
3,.. 6 tvong ty nhu trong sector 1; 3) thoi gian dan clia cac
van cOng sudt twong (ng véi gia tri thanh ghi cac
TIM1_CCR1, TIM1_CCR2 va TIM1_CCR3 trong MCU duwgcxac
dinh theo bang 1. Noi dung file svpwm.c bao gom:

#include "stm32f4xx_hal.h" //khai bao st dung thu vién HAL

/*::::::::::DINH NGHTA CAC HANG Sé —==—===—=—=—=%/

#define VECTORL 0 /10 do

#define VECTOR2 ~ 0x2AAA 1160 d9, 10922
#define VECTOR3  (0x5555 11120 do

#define VECTOR4  0x8000 11180 do

#define VECTORS  OxAAAA 11240 46

#define VECTOR6  0xD555 /1300 do

#define SIXTY _DEG O0x2AAA //lrgng géc 60 do

#define VOLTS_LIMIT OX7FFF //dién&p gidi han OX7FFF
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#define Tpwm 0xO03FF {fchu ky s6ng mang

const int sinetable[341] = {0,100,201,301,..., 28174,28225,28276};
/1341 phan ti

I* HAM CAI DAT TIMERL */

static void MX_TIML_Init(void)

{ ...}

[*=====CHUONG TRINH DIEU CHE SVPWM TRONG CAC SECTOR====*/

void svypwm(int angle, int gamma)

{ unsigned int anglel, angle2, half_T0, Ta, Th;

I* SECTORL */

if(angle < VECTOR?)
{angle2 = angle - VECTORY;
anglel = SIXTY_DEG - angle2;
Ta =sinetable[(unsigned int)(anglel >>5)]; //chia 32, 60 dO tuong
ung 341 diem
Ta=((long)Ta*(long)gamma) >> 15; /[chia 32768
Ta=((long)Ta*(long)Tpwm) >> 15; //chia 32768
Th =sinetable[(unsigned int)(angle2 >> 5)];//chia 32
Tb =((long)Tb*(long)gamma) >> 15; /[chia 32768
Tb =((long)Tb*(long) Tpwm) >> 15; /lchia
sin(x)*sqrt(3)*T*Vs/Vdc
half_T0 = (Tpwm - Ta- Tb) >> 1
TIM1->CCRL=Ta+Th+ half_T0; //cdpnhétdiliéu cho kénh PWM1
TIM1->CCR2 = Th + half _T0; /lcép nhat dif liu cho kénh PWM2
TIM1->CCR3=half T0; } //c@p nhat dit liu cho kénh PWM3

32768,

I* SECTOR2 */
else if(angle < VECTOR3) //digu ché trong sector 2
{ ...}
I* SECTOR3 */
else if(angle < VECTOR4) //digu ché trong sector 3
{ ...}
I* SECTOR4 */
else if(angle < VECTORS) //digu ché trong sector 4
{ ...}
I* SECTORS */
else if(angle < VECTORG) //diBu ché trong sector 5
{ ...}
I* SECTOR6 */
else if (angle<OxFFFF) //diBu ché trong sector 6
{ ...}
else
{
angle=0x0000;
}
}

5. KET QUA THUC HIEN
5.1. Cai dat tham s6 hé théng

Kit STM32F4-discovery dwgc cai dat hoat dong & tan s6
xung nhip 168MHz. Tan s6 xung cdp cho Timerl la

DIV =2, DTG =202. S0 lvgng diém chia khong gian
duong tron diéu ché la 2047 diém. Nhu vay dic tinh cla
song diéu ché PWM trén phuong dién tinh todn ly thuyét
nhu sau:

- Tan s6 diéu ché song PWM: £, =5, 12’kHz.

- Do phan giai khi diéu ché: 10-bit.

- Thoi gian ngwng dan gitra hai van trén mot nhanh la
dead-time: DT =4, Qus.

Trong qua trinh thi* nghiém st dung vong Iap dé tao ra
bién goc pha ¢ ( k) bién ddi theo chu ky phuc vu qua trinh
khdo sat va danh gia.

5.2. K&t qua thyc nghiém giai thuat SVPWM khi géc pha
¢ (Kk)cd chu ky on dinh

Hinh 9 va 10 lan lwgt 1a dién ap pha khi goc pha bién doi
tuyén tinh doéng thoi c6 chu ky lan lvot 1a 20ms (tan sb
f =50Hz) va 4ms (tan s6 f =250Hz). Hinh 11 la két qua
thvc nghiém do thoi gian dead-time. Két qua cho thay
dang dién ap séng sin (chua xt ly loc) phu hgp voi ly
thuyét, gia tri thoi gian dead-time bang 4,0us va tan s6
PWM béng 5,19kHz.

Tek  JL. ® Stop . M Pos: =4.200ms  MEASURE

o e
1 BT T
T T
] Pl

|
| ?’H‘HH,H‘

CH2 / 20.2mVY
2.60085kHz

CH2 1.00V

M 5.00ms
16-Feb=19 16:18

Hinh 9. Gidn d0 ap pha khi f = 50 Hz

No. 53.2019 e Journal of SCIENCE & TECHNOLOGY | 11



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

Tek Ajh ® Stop M Pos: =1,180ms  MEASURE
-

it

CH2 / 20.2mV
2.62276kHz

iy

M 500 us
16-Feb-19 16:12

Hinh 10. Gidn d0 ap pha khi f = 250 Hz

CHZ 1.00V

Tek JL @ Stop M Pos; ~1500us  CURSOR
Tﬁie
Source
- CH]
CH2 1.00¥ M 250 us CH2 7/ 116V

16-Feb=~19 16:53
Hinh 11. Khdo sat dead-time, DT = 4ys

Tek JL @ Stop

4,447 30kHz

M Pos: =1,180ms  MEASURE
+

|
|

..ﬂﬂ.”ﬂ“ﬂh%

CHZ2 1.00¥

m ﬂ'ﬂwﬂ il

M 500 us
16-Feb=19 16:05

Hinh 12. Gidm bién dd ap (f =250Hz)

Hinh 12 biéu dién viéc diéu chinh bién do dién ap khi
Iva chon hé s6 diéu ché y =0, 2(gidm 5 lan so v&i bién do
I&n nhat). BE biét dwoc lvgng thoi gian MCU dung cho viéc
diéu ché SVPWM, ta thwc hién viéc dwa chan PD14 I1én muc
logic 1 trwée khi goi ham svpwm(angle,gamma) va khi thuc
hién xong ham thi kéo PD14 vé mic logic 0. Tr d0 rong

CHZ2 ./ 202mY
2,44534kHz
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xung tai PD14 suy ra duogc thoi gian diéu ché SVPWM la
552ns (hinh 13). Lwgng thoi gian nay nhé hon khoang thoi
gian ngung dan do dé dam béo vé khe thoi gian cap nhat
di¥ liéu. Hinh 14 biéu dién song diéu ché PWM.

Tek Ajpls ® Stop M Pos: 280.0ns CURSOR
+

m

Source
AL AR AN A | m
at 552.0ns
=3 1.612MHz
u--.m-uv»w\j ",

2eV
'~ g

Cursor 1
24.0ns
40.0mVY

CH2 / 1,16V
5.16903kHz

CH2 1.00V M 100ns

16-Feb-13 17:00
Hinh 13. Thoi gian diéu ché SYPWM
Tek JL © Stop+

M Pos: 0,000s MEASURE

LT T T

M 100 us
16-Feb=19 17:13

Hinh 14. Séng diéu ché PWM
5.3. Két qua thuwc nghiém giai thuat SVPWM khi géc pha
¢ (Kk)cd chu ky khong 6n dinh
Tek  JL @ Stop

CH2 2,00V CHZ / 157V

4.43470kHz

M Pos: =10.60ms
-

A // :
-
/
' Orf

CHZ 5.00V

M 5.00ms
15-Feb-19 16:45

Hinh 15. Gian db g6c pha khi chu ky ctia ¢ ( k)bién dbi
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M Pos; 500,0 us

Tek gl (¢} Stop*

folts/l

M 5.00ms
15-Feb=19 16:12

Hinh 16. Gian d0 dién ap pha khi chu ky clia ¢ ( k)bién dbi

Hinh 15 la gian do6 géc pha ¢ ( k) bién doi tuyén tinh va
c6 chu ky khong phai hing s8. Hinh 16 la dién ap pha
twong (’ng voi sk bién déi clia chu ky géc pha ¢( k)
6. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay qué trinh titng buéc thuc hién gidi
thuat SVPWM cho bién tan 2L3P trén hé thng nhing ARM
32-bit Cortex M4 st dung 16i chip xt ly STM32F407VGT cula
hang STMicroelectronics. Trong d6 nhan manh dén van dé
ky thuat lvgng tl hoa va lap trinh thye thi gidi thuat diéu
ché SVPWM. Két qud tht nghiém trén md hinh thyc cho
thay hé thdng hoat dong dung véi nguyén ly, chic nang
SVPWM va dam bao duwgc dédc tinh mé rong, hiéu chinh khi
can thiét. Xu huéng trong thoi gian téi nhém nghién ctru sé
chuan hoéa driver cac module chirc lién quan dén diéu ché
bién tan, dac biét la van dé diéu ché bién tan da bac va bién
tan ma tran.

LOICAM ON

Nhém tac gia xin chan thanh gti 16i cdm on t6i B6 mon
Tw déng héa, Khoa Dién~va Khoa Dién t& Trwong Bai hoc
Cong nghiép Ha Ndi da ho trg trong qué trinh nghién ctu.
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