TAP CHI KHOA HOC VA CONG NGHE BAI HOC DA NANG - SO 7(80).2014 43

NGHIEN CUU UNG DUNG CONG NGHE FPGA PE THIET KE
BO PIEU KHIEN CHO VI PONG CO TU TRO CHUYEN MACH HAI PHA

RESEARCH ON THE APPLICATION OF FPGA TO CONTROLLER DESIGN
FOR THE TWO-PHASE MICRO SWITCHED RELUCTANCE MOTOR

Vé Nhu Thanh %, Ping Phuéc Vinh!, Ngé Thanh Nghit, Nguyén Diing Trinh!, Poan Lé Anh?
Trieong Pai hoc Bach khoa, Pai hoc Pa Nang;
Email: thanhvous@gmail.com, dangphuocvinh@gmail.com, thanhnghipy@gmail.com, trinhmeiko@gmail.com
2Truong Cao dang Cong nghé, Pai hoc Pa Nang; Email: doanleanh024@gmail.com

Tém tét - Muc dich cla bai bao nay la d& xuét thiét ké bo didu
khi&n cho vi déng co c6 dwong kinh mm hai pha dwa vao céng
nghé FPGA. Thiét k& bd diéu khién cho vi dong co nhu vay gap
khé kh&n do kich thuéc qua nhé va tin sb yéu cau cua tin hiéu
didu khién cho dong co phéi cao. Cong nghé FPGA v6i kha nang
xudt tin hiéu nhanh do toc d6 didu xung rat Ion (Ién t&i 200MHz)
c6 thé dwoc lap trinh dé tao ra tin hiéu diéu khién cho déng co nay
& ché dd nguyén buwéc, hoac ché dé nira bwdc, hodc ché do vi
bwéc dwoc dé xuét. Bo didu khién dwoc lap trinh bing VHDL la
ngdn ngir phd bién dé lap trinh FPGA. Trong bai béo, tac gia trinh
bay vé cach ciu hinh va 1ap trinh trén bo mach Xilinx-XC3S700AN
cho 3 ché d6 diéu khién trén; két qua md phdng tin hiéu diéu khién
cho thay tinh kha thi cda viéc ¢ng dung cdng nghé FPGA
trong didu khién céc loai déng co' ¢ y&u cau tan sb tin hiéu didu
khién cao.

T khoa - FPGA; VHDL; vi dong co hai pha; ché d6 nguyén bwérc;
ché do nlra budrc; ché do vi budec.

1. it van dé

Pong co tir trd chuyén mach (PCTTCM) 1a loai dong
co ¢ két cau don gian va cau tao chic chan duoc sir dung
nhiéu ¢ nhitng ang dung véi nhidu mic dién ap, nhiéu cap
téc do dudi nhiéu loai c6 hinh dang va két cau hinh hoc
khéc nhau. Véi nhitng tng dung yéu ciu vé khéi lugng va
kich thuéc nhé nhu nhirng thiét bi ding trong phau thuét,
céc ro le va cac cong tac mini...thi loai dong co nay cang
thé hién duoc wu diém cua nd. Tuy nhién, ddi véi vi dong
co 2 pha thi viéc didu xung dé diéu khién cho dong co hoat
dong on dinh va chinh xac thi khong dé dang vi kich thudc
nho, téc do cao va cac anh huéng cua nhidu 16n dén qua
trinh Iam viéc cua dong co.

FPGA (Field-Programmable Gate Array) la cong nghé
tién tién trong viéc thiét ké cac thiét bj dién tir nhu bo diéu
khién, thiét bi truyén théng. Cac mach logic ICs rat thich
hop dé xay dung phan diéu khién cho céc loai dong co néi
chung va vi dong co dé cap trong bai bao nay ndi riéng vi
kha ning cau hinh linh hoat va téc do xur ly tin hiéu rat
nhanh. Cac bo mach FPGA ¢ thé dugc lap trinh va str dung
nhu mot vi didu khién, vi xi ly, hodc nhu mot mé-dun co
chirc ning riéng biét tly theo yéu cu cua hé théng. Thong
thuong, khi cdu hinh va 1ap trinh cho cac card FPGA nguoi
ta st dung ngdn ngtr VHDL (VHSIC(Very High Speed
Intergrated Circuit) Hardware Description Language). Pay
la ngdn ngi manh mé dé 1ap trinh cho cac hé thong ky thuat
s6. Ngay nay n6 da tro thanh mot trong nhirng ngén ngit
tiéu chuan cho cong nghiép lap trinh phan ctng do twong
dbi giéng véi ngdn ngit C va su linh hoat caa cau trac khi
lap trinh. Su khéac biét co ban gitta ngdn ngit VHDL va C
d6 14 ngdn ngit C giai quyét chuong trinh theo trinh ty,

Abstract - The purpose of this paper is proposing a controller
design for a 1mm-diameter two-phase micro switched reluctance
motor based on field programmable gate aray (FPGA) technology.
It is very difficult to design a controller for such micro motor due to
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trong khi VHDL giai quyét chwong trinh song song, nghia
1a cac chuong trinh con trong VHDL lép trinh cho FPGA
dugc xur Iy dong thoi. Pay ciing 1a diém manh cua VHDL
trong lap trinh cho céc card FPGA trong viéc xir ly céc tin
hiéu phuc tap. Do d6, viéc dé xuit thiét ké bo diéu khién
cho vi dong co tir tré chuyén mach sir dung cong nghé
FPGA theo cac ché do linh hoat (nguyén budc, nira budc
hodc vi bude) dugc quan tdm nghién ciu va trinh bay trong
bai bao nay.

2. Vi dong co tir tré chuyén mach hai pha

2.1. Khai quat vé vi PCTTCM hai pha

V6i loai dong co hai pha 4/2 (4 cyc sator va 2 cuc rotor)
co ban nhu hinh 2 [1], pha A bao gom hai cuon day quan
quanh cuc 1 va 3 va pha B bao gom hai cuc 2 va 4. Loai
dong co nay khong thé hoat dong dugc néu khong co co
ciu truyén dong bang tay hay nhitng dang hé trg khai dong
khéc. Nhuoc diém cua loai dong co nay la ¢ 2 vung chét
(diém ma c6 momen xo&n bing 0). Ving chét (Hinh 1) s&
xuit hién khi ta khong dat cudn day pha nghiéng véi do tu
cam dwong hoidc khéng c6 momen xoén & truc ra cia dong
co. Vuing chét nay c6 thé dugc giam di nhiéu khi hinh dang
hinh hoc cua rotor dugc cai tién.
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Hinh 1. Céc viing chét ciia déng co hai pha [1]
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Giai phap don gian nhét dé khéc phuc van dé nay la mo
rong cung tron cua rotor. Mot s0 giai phap dugce dé xuét d6
4 rotor ¢ dang cam xo0én dc¢, co cau truyén dong bang tay
hay 1a dong co c6 khe hé giira rotor va stator dang bac. Déi
véi loai dang bac (Hinh 2) thi 6 ty cam khi thang hang Ién
hon so véi loai dong co co ban ¢ hinh 1. Tuy nhién d¢ ty
cam khi khong thang hang ciing ting nhiéu. O loai nay thi
ving chét gan vi tri khdng thing hang da giam di nhiéu.

Hinh 2. Cdu tric ciia vi PCTTCM hai pha dang bdc
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Hinh 3. Cdu tric dang bdc di loai bé viing chét

2.2. Vi DPCTTCM hai pha véi dwong kinh Imm

Dé tranh dugc ving khdng khai dong cia dong co hai
pha thi rotor nén c6 hinh dang khong déi xing. Bang cach
str dung phuong phap téi wu hinh hoc Topo, hinh dang ti
uu cua rotor (Hinh 4) s& dugc xac dinh qua 6 budc vai cac
tiéu chi va rang budc da dugc trinh bay trong bai bao trudc
cua nhom téc gia [1].
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SCALE = (0.1000, 0.0200) mm

Hinh 4. Cdu tric cua rotorvi BCTTCM hai pha

Pong co ¢6 thé quay duoc ma khdng can co ciu quay
tay hay cac hd trg ban dau véi toc do t6i da 1a 9800
vong/phdt va momen xoan t6i da 1a 0.0719 uNm khi cap
dong dién 1A. Duong dic trung gitra dong di¢n va momen
X0an ciia dong co gitra ly thuyét va thuc nghiém duoc thé
hién rd ¢ hinh 5. Tuy nhién & nghién ciru trudce [1], tin hiéu
xung diéu khién cho vi dong co nay duoc tao ra tir mach
IC-HA17555 va bo chia PMM-8713PT cho két qua chua
dugc nhu mong mudn. Bo diéu khién sir dung cac IC tuy
don gian va d& ing dung nhung c¢6 nhuoc diém la toe do

cap xung chua cao va sai séVC(\)n I6n. Do vay, bo diéu khién
t(én nén PFGA dugc dé xuat thay thé dé dat duoc két qua
tot hon so véi khi stir dung céc IC théng dung.
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Hinh 5. Déc trung gitta ddng’dién VA momen xodn Ciia déng co
giira ly thuyet va thuc nghiém

3. Thiét ké b diéu khién trén nén PFGA

Phan nay gigi thiéu cac phuong thirc diéu khién dong
co hai pha. Cac phuong thirc nay s& dugc 13p trinh vao bo
diéu khién FPGA bang ng6n ngir lap trinh VHDL.
3.1. Piéu khién nguyén buwéc

bay la phuong thuc diéu khién dong co 2 pha cp don
gian nhat bang cach cap xung cho 2 stators theo thir tu,
trong dicu khién nguyén budc ¢ 2 kiéu hay gap do la dieu
khién theo m6 men cao va mé men thap nhu hinh 6 va 7.
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Hinh 6. Piéu khién nguyén buwéc momen cao
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Hinh 7. Piéu khién nguyén biréc momen thap

3.2. Piéu khién nira buwéc

Trong ché do hoat dong ndy so lugng cic budc mai
vong s& dugc tang gap doi. Vi vay, n6 s& giup tang kha
nang kiém soét toc d¢, tuy nhién mdé men khong on dinh
boi vi mot nira budc 1a sy két hop gitta diéu khlen nguyén
budc md men cao va md men thap. Trong thuc té mo-men
bi giam tir 15% dén 30%, tly thudc vao tdc do cua dong
co.[9]

P o o OSSO  i

. Step1 i Step 2 — Step3 Step 4
o B ot SN
- E -

P *‘ Py P DiCaCt Pramt Prgse B } “V]P'“BP’-I‘ v' ] .
et M v —
L. Steps =, Steps Step 7 Step 8
= — = =

Hinh 8. Hé thong diéu khién nira burdc
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3.3. Piéu khién vi buréc

Pay la trudng hgp ma cac xung cap cho 2 pha cia dong
co ¢06 dang song hinh sin véi géc 1éch pha 90 do. Tuy theo
téc do xuat tin hiéu cua bo diéu khién, c6 thé chia cac xung
hinh sin thanh céc vi budc theo ti 1€ khac nhau. Cac xung
cang nho thi dong co hoat ddng cang tron tru, tuy nhién khi
chia céc vi bu6c quéa nho s& anh huong dén mé men cua
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Hinh 9. Hé théng diéu khién vi buéc

PHASE A

PHASE B

3.4. So sanh céc kiéu diéu khién

Khong dé dang dé c6 thé lya chon hodc quyet dinh kleu
diéu khién nao 1a ti wu nhat vi né phu thudc vao yéu cau
thiét ké cua hé thdng. C6 thé dua vao bang cac tac gia tong
hop thdng tin t [3],[5],[9] dé c6 thé lya chon duoc kiéu
diéu khién thich hop nhét.

Bdng 1. C4c théng sé cac ché dé diéu khién

Ky thuat| Mémen | Nhiéu | Ondinh

Nguyén bwéc | D8 Cao Cao | Khéng tét

Nira buéc Dé Vira Vira | Vira phai
Vi buéc Khé Thip Thip Tét

3.5. Thiét ké va md phéng tin higu cia b diéu khién

Tin hiéu diéu khién cua vi dong co s& duoc cip xung tir
FPGA sang mach khuyéch dai rdi vao 2 cyc A va B cua vi
ddng co nhu hinh 10. Trong bai b4o nay s& thiét ké bo diéu
khién dya trén bo mach Xilinx XC3S700AN FPGA. Card
nay c6 thé hoat dong cao nhat & tan sé 133MHz, tuy nhién
dé diéu khién cho vi dong co hai pha nay, cac tac gia chi
st dung xung & tan s6 50MHz cho dé dang tinh toan va
tranh dugc tinh trang qué tai ctia mach.

M5 hinh diéu khién va so d6 khi caa bo diéu khién thé
hién & hinh 10 va hinh 11.

Trong d6 SCL: Ngé cp xung vao; SDA: Ngd dit liéu;
EX CLK: Ngd cap xung ngoai (50MHz); EN: Tin hiéu kich
hoat; DIR: Tin hiéu khi chay véi xung cip ngoai; FULL:
Chay theo ché d6 nguyén budc hoic nira budc véi xung
cap ngoai (bang 1 hay 0); RST: Khoi tao lai; Y1: Tin hiéu
vao cuc A; Y2: Tin hiéu vao cuc B.

Hinh 10. Md hinh cza bé diéu khién
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Hinh 11. M6 hinh cua bg diéu khién véi céc ngd vao
can thiét ciia PFGA
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Hinh 12. Pin V14, V15, W16, V16 cho cac ngd SCL, SDA,
EX_CLK, va EX_EN

Tiép theo 1 phan gigi thiéu chirc ning ciia cac mo-dun
ciing nhu két ndi giita ching bao gém cac mé-dun sau: mo-
dun chia xung (clock divider), md-dun budc (stepper logic),
mo-dun xung dém budc (stepping clock), mé-dun vi budc
(micro stepping), mo-dun PWM (pulse width modulation).

Stepper logic

Stepping clock |:> output [:>
(FULL/HALF)
IC Bus | | 12C /External Signals | @ PWM
Stepper duty cycle
Clock divider q output |:>
(MicroStepping)

1 i

Hinh 13. So dé khdi cuia bé diéu khién

M6-dun chia xung (clock divider): FPGA chay & tan sb
50MHz khéng thich hop cho diéu khlen dong co tryc tiép
do vay md-dun chia xung s& cung cip C&c xung co s cho
cac mo-dun khac. Gia tri chia duge Iuu trir trong mot thanh
ghi c6 thé duoc sira doi qua giao tiép 12C. Bo chia xung
thuc té hoat dong nhu 1a mot bo dém va khi vuot qué gia
tri can dém thi s& xuat xung cao hoac thap. Nho mo-dun
chia xung nay ma vi dong co c6 thé dugc diéu chinh xung
vao ¢ 2 pha mot cach linh hoat, phu hop vai ting loai ting
dung va tirng loai dong co khac néu can thiét. Cac ché do
chia xung khéac nhau dugc thé hién trén hinh 14,

SOO ns ISSO ns |500 ns

divider=0 —> | LA FLE P FLE_ AL
divider=1 et A ) AN Y I o I
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Hinh 14. Két qua mb phong mo-dun chia xung

Mo-dun budc (stepper logic): Mo-dun nay cung cap tin
hiéu diéu khién (tin hiéu vao 2 pha) cho vi dong co. Tin
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hiéu diéu khién vao 2 pha cia vi dong co s& diéu khién
dong co quay thuan hay nghich theo ché do nguyén budc
hodc nira budce tly thuoc vao ché do hoat dong can thiét.
Hinh 15 thé hién tin hiéu vao cho pha 1 va 2 cia dong co
khi diéu khién.

Il.DOUus

Phase 2 output L e e
Hinh 15. Két qua md phong mé-dun buic

M6-dun xung dém budc (stepping clock): M6-dun nay
dé diéu chinh sy tang va giam téc do dong co voi dir liu
dau vao tir giao tiép 12C. C4c dit liéu bao gdbm tdng s6 budc,
s6 budc tang toc, s6 bude giam tde va co sé chia xung. Tin
hiéu dau ra cia mo-dun nay I xung tin hiéu dwoc cung cap
cho moé-dun buéc. Céc gia tri nay duoc luu trir trong thanh
ghi va c6 thé thay di qua giao tiép 12C. Khi ting téc thi
c4c toc do diéu xung phai ting dan vi téc do ban dau thap
cho dén khi dat dugc toc d6 6n dinh, va nguoc lai khi giam
t6c thi giam dan vi toe d tir cao s& chuyén vé thap thé hién
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Hinh 16. Két qua md phéng mo-dun xung dém budc

M6-dun vi budc (Micro Stepping): Ché do vi budc
duoc xay dung dudi dang md-dun riéng ré va duoc kich
hoat qua giao tiép 12C. Tuy nhién, ché do vi buéc van c6
thé hoat dong dugc Vi xung cap ngoai. Thay vi didu khién
vi dong co bang cach chia xung véi gia tri xac dinh nhu &
ché do nguyén budc thi ché d6 vi budc chi cap nhat gié tri
cua tin hiéu diéu khién sau mdi xung cua FPGA. Tly vao
vi tri caa rotor so véi stator ma gid tri cua xung trong 2
cudn day khac nhau. Trong truong hop nay vi bude dugc
chia nho 8 lan tir nguyén budc thé hién ¢ Hinh 17. Mac du
mO-dun nay c6 nhitng han ché nhu hoat dong ¢ tan sb
PWM cb dinh va 1/8 lan nguyén budc, nhung no Van giup
vi dong co 6 thé chay tron tru hon. Cac thong s6 vé cuong
d6 cua cudn A va B duoc thé hién bén phai caa Hinh 17.
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Hinh 17. Tin hiéu vi bueéc 8 lan tir nguyén buéc

M&-dun PWM (pulse width modulation): Md-dun nay
Ia mot phan quan trong nhat khi diéu khién vi dong co 2
pha. Md-dun PWM ban dau lam viéc véi cac gia tri cai dat
san trong thanh ghi, tuy nhién céc gia tri nay c6 thé duoc
thay ddi qua giao tiép 12C tlly theo céc ché do hoat dong
cuia dong co. Do d6, bo didu khién nay ngoai kha nang diéu
khién cho vi dong co 2 pha con ¢ kha niang lam viéc véi
nhiéu loai dong co budc co dién ap hoic sé pha khéac nhau.
M6-dun PWM dugc sir dung dé tao cac xung ma mo-dun
chia xung khéng thuc hién dugc nhu tin hiéu xung mé
phong ¢ Hinh 18.

71,325,000 ns 1,425,000 | 718250000
1,900 74,5018 [74,600ns 1,000 71,8008 71,900
[pwm ]

10 clocks 40 clocks

Hinh 18. Tin hiégu PWM md phong
Cac mod-dun vi budc cd hai mod-dun phy. Mo-dun 1
nhan xung tir m6-dun xung dém budc hodc xung ngoai va
cho biét trang théi ciia dong co can diéu chinh. Sau do trang
thai nay s& la tin hiéu vao cho mé-dun 2 dé diéu chinh cac
tin hisu PMW.

1
1
1
1
Mé-dunung | Tin hiéu vio cwrc A
ém bude !

‘ MODULE 2

MODULE 1

_______________________

Hinh 19. M6-dun phu cia mo-dunPWM

Giao tiép 12C dugc sir dung trong thi nghiém ciing dwoc
dua trén bo mach Xilinx XC3S700AN FPGA. Giao tiép
I2C duoc tich hop trong bo diéu khién khi ENABLE pin
duoc set vé 0. Dia chi cua bo diéu khién dong co duoc ¢b
dinh & thanh ghi Ox5F-16 bits, cac dix liéu dugc Iuu trit trén
thanh ghi c6 thé dwoc diéu chinh gié tri bang vi diéu khién
hoac may tinh.

4. Két luan

Trong nghién cau nay, tac gia da dé xuat thiét ké bo
diéu khién cho vi dong co tir tro chuyén mach hai pha dya
vao cdng nghé FPGA duoc lap trinh bang ngén ngir VHDL
vé6i két qua mé phong tin hiéu diéu khién kha tét. Bo diéu
khién gom 3 ché d6 hoat dong linh hoat 1a nguyén budc,
nira budc va vi budc. Bo didu khién c6 kha nang xuat tin
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hiéu tron tru, diéu chinh dugc dién ning vao dong co qua
mo-dun PWM. Tuy vay van con mét s6 nhugc diém can
diu chinh nhu 14 trong ché d6 vi budc tan s6 PWM va sé
lwong budce chia nho 1a ¢é dinh, bo chia xung con chua linh
hoat va kho diéu chinh, dong dién cung cip bsi FPGA
twong dbi thap. Huéng mé rong nghién ciru 1a t6i wu hoa
ma lap trinh VDHL dé bo diéu khién linh hoat hon va c6
thé su dung dugc cho céc loai vi dong co, hoac dong co
khac nhau. Ngoai ra, khi hoat dong & ché do vi budc bd
diéu khién c6 thé tu dong chia budc va thiét lap tan sb
PWM thich hop dé co duoc két qua ti wu nhéat. Kha ning
ung dung linh hoat va qué trinh xir ly di liéu song song
cong nghé FPGA rat thich hop dé diéu khién cac mach
dong co phuc tap hoac mang luéi cac dong co hoat dong
song song vai nhau.
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