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UNG DUNG CAC IP CORE FPGA DE TiCH HQP
BQ PIEU KHIEN PQNG CO BLDC
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Tém tit: Bai bdo trinh bay viéc tich hop bo diéu khién dong co mot chiéu khong
¢6 gép (BLDC) trén co s¢ cdc 16i s¢ hiru tri tué FPGA (IP core). Bé diéu khién
duoc tich hop co do tin cdy cao, hiéu qua twong dwong voi cac bé Driver nhap tir
nwdéc ngodi.

T khoa: BDong co BLDC; IP core; FPGA.
1. PAT VAN PE

DPong co BLDC c6 rotor 1 nam cham vinh va stator dang day quéan 3 pha véi nguyén ly
diéu khién tuong tu dong co 3 pha [1]. Hau hét cac bo diéu khién dong co BLDC duoc
thuc thi bang vi diéu khién chuyén dung két hop bd bién ddi cong suit 3 pha. Trén thé
gidi, cac bd Driver do cac hang ché tao déu déng goi dudi dang modul chi cho phép ngudi
ding cai dat thong s6 ma khong thé can thiép siu cac tinh ning diéu khién [2]. FPGA la
cong nghé 1ap trinh nhung, véi nhiéu dong chip manh mé tich hop phan xir 1y logic va 15i
vi xtr 1y trén cung mot chip don [3]. Cau tric nay két hop dugc tinh tac dong nhanh cua
FPGA voi kha niang thuc hién cac thuat toan diéu khién phirc tap cua vi xir 1y, do d6, phu
hop v&i nhiéu tng dung trong d6 c6 bo diéu khién dong co BLDC. Hién nay, nhiéu hing
thir ba (third party) dd phat trién cac bo mach FPGA kém theo 15i so hitu tri tué (IP core)
dé thuc hién mot nhi€m vy nao dé. Trong linh vyc diéu khién dong co BLDC da co cac IP
core chuyén dung thuc hién céc thuat toan diéu khién vector phuec tap cho dap tng nhanh
va d6 chinh x4c rat cao [4]. Bai béo trinh bay viéc Gmg dung cac IP core nay dé tich hop
mdt b diéu khién dong co BLDC trén co s& bo cong cu phat trién do hing Enclustra cung
cap. Trong trudng hop nay ngudi thiét ké lam chii hoan toan viée xdy dung céu tric mot
b6 diéu khién hoan chinh va hiéu chinh tham sb cua cic vong diéu khién. O budc tiép
theo, c6 thé tu ché tao duoc cac bd diéu khién dong co BLDC, thay vi dang phai mua cia
nude ngoai, cho cac hé truyén dong bam cua cac khi tai quan su, trong d6 ¢6 PPK37mm...

2. TICH HQOP PHAN CUNG BQ PIEU KHIEN PONG CO BLDC

Chung t6i sir dung bo cong cu phat trién FPGA do hiang Enclustra cung cép, gdm cac
modul chuyén dung sau dé tich hop thanh phan ctng bo diéu khién dong co BLDC.

- Modul FPGA [5][6]: gdm bo mach co s& (Mecury PE1) va bo mach xir 1y trung tim
(Mecury SAT1) vo6i chip Cyclone V SoC. Chip nay tich hop FPGA véi 16i xtr Iy ciing HPS
(bao gdm chip vi xir Iy ARM Cortex A9, cac ngoai vi,...).

- Modul cong suat (FMC) [7]: tich hop khéi cong suét inverter 3 pha va céc bd chuyén
d6i AD do dong/ nhiét do ...

Tir cac modul nay, chiing t6i xdy dung so dd cau hinh bo didu khién déng co BLDC
nhu hinh 1 véi cac khdi chire ning sau:

- Khéi didu khién xay dung trén chip Cyclone V SoC: ¢é chirc ning thu thap, xir Iy cac
tin hiéu phan hoi va tin hiéu dau vao, thuc thi cac thuat toan diéu khién dé phat xung
PWM ra diéu khién khdi cong suit.

- Khéi cong suét inverter 3 pha: bao gom cac khoa chuyén mach dién tir (transistor
MOSFET, IGBT) déng mé theo luat didu khién.

- Khéi do ludng céc tin hidu phan hoi: 1a cic encoder, cam bién Hall, cam bién dong,
nhiét dg...
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- Khéi dau vao: gdm cac tin hiéu dat moémen, téc do, vi tri, chiéu quay dudi dang tin
hiéu xung hodc sb. Céc tin hiéu nay duoc dwa vao tir bd phat xung hodc cong truyén théng
may tinh PC.
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Hinh 1. Cdu hinh b diéu khién déng co BLDC.

Két nbi phﬁn cung gitrta bo mach FPGA, mach cong suét va déng co dugc mo ta qua
bang sau:

FMC Module

Bing 1. Két noi gitta bo mach FPGA, mach céng sudt va déng co.

Tén tin hi¢u Chan Tin hiéu | Chan FPGA Mo ta
FMC FMC
1. Gisac dong co (Motor connector
VCC 5V O - - - Ngudn 5V nuéi Hall
Sensors
HALL1 MOTI1# D12 LAO6 N ADI2 Tin hi¢u tir Hallsensor 1
vé chip
HALL2 MOTI1# D11 LAO5 P T13 Tin hiéu tu Hallsensor 2
vé chip
HALL3 MOTI1# Cl1 LAO5 N T12 Tin hiéu tir Hallsensor 3
vé chip
GND - - - Ground
HB1 MOT - - - Half-bridge 1 output
HB2 MOT - - - Half-bridge 2 output
HB3 MOT - - - Half-bridge 3 output
2.Giic Encoder (Encoder connector)
VCC 5V O - - - Ngudn 5V nudi Encoder
GND - - - Ground
EncA MOTI1 N G37 LA33 N AH24 Encoder signal A-
EncA MOTI1 P B Encoder signal A+
EncB_ MOTI1_N H38 LA32 N AH22 Encoder signal B-
EncB MOTI1 P B Encoder signal B+
EncC_ MOT1 N H37 LA32 P AH23 Encoder signal Z-
EncC MOTI1 P B Encoder signal Z+
3. Gidac nguon (Supply connector)
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GND - - - Ground
VCC MOT - - - Ngudn cong suat
VCC 10 - - - Ngudn nuéi I/0

3. XAY DUNG IP CORE PIEU KHIEN PQONG CO BLDC

Pon vi trung tdm cia bo diéu khién dong co BLDC chinh 1a khéi diéu khién duoc thuc
thi trén nén FPGA. Dong Cyclone V SoC tich hop FPGA va 16i xtr 1y cimg HPS (gom vi
xtr ly ARM Cortex A9, cac ngoai vi,...) trén mét chip don, nén ban than no vura cé tinh
ning xir 1y logic manh mé& ciia FPGA, vira c6 tinh ning cta 1 vi xtr Iy tbc do cao. Di kém
bo mach FPGA, hang Enclustra ddng thoi cung cap hé thong IP core chuyén dung h5 trg
didu khién dong co BLDC, mdi IP thuc hién 1 chirc nang riéng biét tir thu thap s6 liéu,
chuyén d6i ADC, tinh toan diéu ché vector ... Trén nén tang cac tai nguyén sin c6 bén
trong chip Cyclone V SoC, chung t6i tich hqp cac IP core nay voi 161 xtr ly cimg (HPS)
thanh mot IP core chuyén dung diéu khién dong co BLDC. Qué trinh xay dung IP core
diéu khién dong co bao gdm xay dung cau hinh phan cing (Firmware) va 1ap trinh phan
mém (Software).

3.1. Xay dung cAu hinh ph?ln cirng (Firmware)

Chung t6i str dung phan mém Quartus 15.0 cta hang Intel FPGA va cong cu Qsys cua
phan mém Quartus dé xdy dung cdu hinh bo diéu khién. Trén cira s6 Qsys, 18i xtr Iy cting
(HPS), b nhé chuong trinh, by nhan tan s6 PLLs, cac 10, cac IP core dung cho dong co
BLDC dugc thém vao tab System Contents, dinh dia chi co s& cho cac IP core, va két nbi
cac thanh phan voi nhau. Sau khi két ndi, thuc hién 1énh Generate trén Qsys dé bién dich
hé¢ thong thanh file c6 dinh dang *.qsys. Trén phan mém lap trinh Quartus, chung tdi tao
mot project voi nén tang 1a file vira duogc tao ra trén Qsys, bién dich project thanh file cu
hinh FPGA c6 dinh dang *.sof va nap vao bo mach FPGA. Thyc hié€n xong budc nay la da
cAu hinh xong ph?m cimg, trén d6 cac IP core hd tro diéu khién dong co BLDC da duoc
tich hop véi 161 xur ly cting HPS.

So d6 cau hinh h¢ thong bang Qsys duoc thé hién trén hinh 2.

:f System Contents % I Address Map &% | Interconnect Requirements 3% | i =]
% Path: en_drv_ctrl_core_axi_ch8_dc_bldc_alt_c5_enc_0
Address Ma
+ Use  Connect... MName Description Export Clock Base End RQ
! EQ hps_0 \Arria VfCydone V Hard Processor System| multiple 0x0000_0000 0 E££[—
X nchip_memory2_0 |On-Chip Memary (RAM or ROM) pll_0_outcl... 0x0001_0000 0x0001_DEE
E pio_0 PIO (Parallel IjO) pll_0_outcl... 0x0001_1000 0x0001_100£
P ysid_gsys_0 System ID Peripheral pll_0_outcl... 0x0001_1010 0:x0001_1017
= EQ jtag_master_hps |JTAG to Avalon Master Bridge pll_0_outcl...
- en_drv_ad7266_cor... [EN_DRY AD7256 Interface pll_o_outcl...
> en_drv_dev_bldc_c... |EN_DRY BLDC Mator Driver multiple
b 4 en_drv_fb_enc_core...EN_DRY Encoder Feedback Unit multiple

en_drv_ctrl_core_a... EN_DRV Controller Core
cH_Dev_0 \Conduit
CH_Fb_0 (Conduit

[5_AXI_ACLK]
[5_AXI_ACLK]

< ExtErr (Conduit err
S_AXI_ACLK (Clock Input pll_0_outcl...
Clk2 (Clock Input pll_0_outdl...
S_AXI_ARESETN Reset Input [5_AXI_ACLK]
IP2INTC_Irpt Interrupt Sender [5_AXI_ACLK]
S_AI AXI4Lite Slave [S_AXI_ACLK] 0x0000_0000 0:0000_££££
irg_mapper_0 Merlin IRQ Mapper pll_0_outcl...|12¢ o 1RQ 0 g}
pll_o \Altera PLL hps_0_h3f...
< >

ot

V. Current filter:

Hinh 2. Cdu hinh hé thong bang Osys.

Trong so d trén, hps 0 (Hard Processor System) 1a 15i xir Iy cimg bao gdm nhan ARM
Cortex A9 va cac ngoai vi di kem v6i nd, cac en_drv 1a cac IP core do hang Enclustra
cung cap.

So do két ndi cac IP core duoc minh hoa mot cach truc quan ¢ hinh 3:
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Hinh 3. So dé két noi cdc IP core.

Chtic nang cua céc IP core nhu sau:

- Feedback unit: IP thu thap tin hi¢u xung Encoder va tinh toan tde do, vi tri.

- Device Driver: Nhan tin hi€u dién ap tinh toan tir IP Controller va phat xung PWM
diéu khién cac van ban dan cong suét.

- A/D Converter Interface: Thu thap tin hi€u dong dién qua 2 pha dong co va chuyén
d6i thanh dang s tuong thich.

- Controller core: Trong sb cac IP core, Controller IP Core ¢ vai trd quan trong nhat
trong h¢ théng, né thuc hién trao d6i dir lidu truc tiép vdi ARM, nhén cac gia tri dat, cac
phan hdi dong, téc do, vi tri dong co va thuc thi cac phép chuyén ddi vector khong gian,
cac vong diéu khién PID 1dng nhau dé dwa ra tin hiéu dién ap diéu khién. Hoat dong cta IP
nay dugc mo té trén hinh 4.

Desired Current
A
Feed forward Feed Feed
Desired Velocity forward forward

Position Velocity | pesireg Current A
PID PID Current PID
Desired Position O
Deviation! \%Tf;”g'e
Phase
. Foc A
Ig(Torque producing current) Inverse
la(Phase Current
A Feed Clarke/
Current A FoC forward Park [ it
Ib(Phase Current | Clarke/Park Current B “ \g;":sze
Id(Fl ducil it
B (Flux producing current) Deviation PID &
A
| Angle I >
Desired Current Desired Id|
| B I

Hinh 4. Cdu tric hoat dong cua IP Controller Core.
3.2. Xay dung phin mém (Software)

Phﬁp m‘ém duge xay dung dé nhung trén nhan vi xur 1y ARM-Cortex A9. Mdi trudng
thiét ké phan mém la moi trudng nhing SoC EDS (Eclipse for DS-5). Phan mém nay thuc
hién giao ti€p voi ngoai vi, nhan tin hi¢u dat tir thit bi dﬁu vao va trao doi dir liéq vO1 cac
IP core thong qua cac ham API. Viéc cai dat va truy xuat dir liéu tir chip ARM dén 161 1P
Controller Core dugc thuc hién thong qua cac ham API chuyén dung. Qua do6 giup chuong
trinh phan mém kiém soat cac tham so diéu khién dong co va do d6 bd diéu khién lam viéc
hi€u qua, tin cay.

200  N.T. T Thao, ..., Q. T. Diing, “Ung dung cdc IP core ... b$ diéu khién dopng co BLDC.”



Théng tin khoa hoc cong nghé

Luu dd thuat toan mot vong 1ap chuong trinh thyc hién trén ARM dugc minh hoa trén

hinh 5.

A 4

Init Altera System (HPS on chip,
UART, IP core...)

A 4

Init IP core:
(PWM, encoder, ADC, BLDC
param, control...)

)l

Y

Nhén tham s6 dat tir PC
hodc tir khoi input.

Tao lénh diéu khién cho IP
controller core va doc tham s6 diéu
khién tir IP core

A 4

Hién thi cac tham s diéu khién 1én
may tinh PC

A 4

End

Hinh 5. Luu do thudt todn mot vong lap nhdn tham 56 dat
va trao doi dir lieu voi IP core.

4. KET QUA SAN PHAM THUC TE

MO hinh thyc té san phérn duwoc minh hoa trén hinh 6.

Két qua thuc nghiém trién khai bo diéu khién dong co BLDC LeadShine BLM57-180-
1000 trén nén bd cong cu phat trién va cac IP core cua hing Enclustra dat dugc cac chi
tiéu k¥ thuét nhu sau:

Sai s6 ché d6 vi tri 1a: 2-10 xung (sai s& vi tri khong tai ciia bd Driver miu
Xenus™ XTL-230-36 ciia hang Copley la 2-5 xung)

Sai s6 ché @6 toc do la: 1-2% (sai s6 toc do khong tai cia bd Driver mau Xenus ™
XTL-230-36 cua hang Copley 1a 0.5%)

Céc ché d6 bao vé: qua dong, qua 4p, qua mo men.....

Dau vao: dat vi tri (s6 xung), dat tbc d6 (PWM)

Péu vao truyén théng RS232: dit thong sd chay dong co tir may tinh (vi tri, toc
d, chiéu quay, cac hé ) Kp, Ki, Kd...)
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- Paura: cho dong co dién ap cuc dai 40V, dong dién cuc dai 9A.

Hinh 6. M6 hinh thuc té bé diéu khién dong co BLDC.
5. KET LUAN

Trén nén cong nghé FPGA, cu thé 13 img dung cac 13i s6 hitu tri tué (IP core) vao thiét
ké xdy dung phin mém trong mdi trudng nhung, bo diéu khién dong co BLDC dat cac chi
tiéu k¥ thuat gan nhu tuong dwong véi cac bo Driver nhap tir nwdc ngoai. Viée lam chu
cong nghé diéu khién dong co BLDC s& lam nén tang cho cac ung dung khéc trong diéu
khién vii khi, ddc biét 1a cac hé truyén dong PPK 37mm.
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ABSTRACT
APPLYING FPGA IP CORE FOR INTEGRATION OF BLDC DRIVERS

In this paper, the integration of a brushless DC motor (BLDC) based on the IP
core associated with an FPGA board is presented. The integrated controller is
highly reliable and has the same efficiency as imported drivers.

Keywords: BLDC motor; IP core; FPGA.
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