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DANH MUC CAC KY HIEU VA CHU VIET TAT

STT KY HIEU PON VI Y NGHIA

1 L, |_rq H bién cam phan déng doc truc va ngang truc

2 I, Irg A Thanh phan dong dién phén dong trén trug dvaq
cﬁg hé toa do (d,q) chuyén déng véi van toc cua ’
phan dong (twong duong vaéi hé toa d6 quay vai toc
dé rotor)

3 V m/s Van toc co phan dong

4 S m Quing duong dich chuyén cia phan dong dong co

5 T m Budéc cuc cua dong co

6 v, Wb Tir thdng caa mét cuc tir

7 Uy Upg V Cac thanh phan dién ap phan dong trén truc d,q

8 m kg Khéi luong phan dong

9 F, F. N Luc dién tir va luc can dong co

10 R Dién tré cuon day pha phan dong

STT | CHU VIET TAT | Y NGHIA

1 (d,ja) Hé toa do twa theo cuc tir chuyén dong tinh tién theo phan dong [2]
2 REC Bo6 chinh luu

3 FLC Bo diéu khién mo

4 NLNA nghich Iuu ngudn ap

5 SVPWM Diéu ché vec to khong gian

6 BBK Bo diéu khién

7 FLC B6 diéu khién logic mo

8 DSP Bo xur Iy tin hiéu s6

9 SLVT(AS) Sai léch vi tri

10 VT(Ae) Dao ham sai léch vi tri

11 JTAG Joint Tool Action Group

12 PID Ti I¢, tich phan, dao ham

13 IGBT Transistor co cuc dieu khién cach ly
14 CCS Code Composer Studio

15 PC May tinh c& nhan




Vi

16 bB-KTVC Dong co dong bo 3 pha kich thich vinh ctru

17 DCTT BB-KTVC | dong co tuyen tinh 3 pha kiéu dong bd kich thich vinh cuu
18 | (ab) Hé toa d6 cb dinh véi phan dong the tai liéu [2]

19 CNC Computer Numerical Control

20 bCTT Dong co tuyen tinh

21 DC Dong mét chiéeu

22 | uC, DSP vi diéu khién/vi xu 1y tin hiéu sb

23 IPM Intelligent Power Modules

24 LV ASIC Low voltage Application Specific Integrated Circuit

25 HV ASIC High voltage Application Specific Integrated Circuit

26 ASIPM Modul céng suat théng minh chuyén dung (Application Specific IPM)
27 HVIC High Voltage Integrated Circuit

28 | PWM Diéu ché do rong xung
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BAI HOC THAI NGUYEN
Trwong Pai hoc Ky thuat Cong nghiép

THONG TIN KET QUA NGHIEN CUU

1.Thoéng tin chung

- Tén d8 tai: Nghién ciru thiét ké va ché tao hé théng xac dinh chinh xac vi tri ciia dong co tuyén
tinh trong cac h¢ thong chuyén dong thang

- M4 s6: BPH2016 -TN02 — 04

- Chu nhiém dé tai: TS. Cao Xuan Tuyén.

- T4 chirc chu tri: Truong Pai hoc Ky thuat Cong nghiép - Pai hoc Thai Nguyén.
- Thoi gian thuc hién: tr 01/8/2016 dén 28/2/2019.

2. Muc tiéu

Nghién ctru thiét ké va ché tao hé théng xac dinh chinh xéc vi tri cua dong co tuyén tinh
trong cac hé thong chuyén dong thiang

3. Tinh méi, tinh sang tao
Tinh méi, tinh séng tao cua dé tai duoc thé hién & cac khia canh sau:

- Tht nhét, cho dén nay, ¢ Viét nam chua c6 nha ché tao ndo ché tao ra thiét bi diéu khién
vi tri cho dong co tuyén tinh ddng bo ba pha kich thich vinh ciru noi riéng va dong co tuyén tinh
n6i chung. Dé tai nay 1a dé tai dau tién ¢ Viét Nam thuc hién ché tao loai thiét bi nay, tuy & mirc
cong suat nho, nhung déy 1a co so dé tién t6i ché tao thiét bi ¢ cac mirc cong suit I6n hon.

- Thir hai, dé tai da 4p dung phuong phap diéu khién hién dai 1a phuong phap diéu khién
vector voi bo diéu khién dong dién phi tuyén va bo diéu khién mo PID cho mach vong vi tri dé
nang cao tinh chinh xac trong diéu khién vi tri cua hé thong.

4. Két qua nghién cieu

- Tai liéu béo cao vé tinh toan thiét ké, xay dung mach dong luc cua hé thong.

- Tai liéu béo cdo vé tinh toan thiét ké, xay dung mach diéu khién cua hé théng.

- Tai liéu béo cao vé viét thuat toan, viét phan mém diéu khién hé théng.

- So d6 mé phong trén matlab/Simulink ding dé tao code chwong trinh nap vao DSP
TMS320F2812.

- Ché tao hoan chinh hé théng xac dinh chinh xac vi tri cia dong co tuyén tinh trong cac hé thong
chuyén dong thang vai cac két qua kiém nghiém hé thong dat yéu cau nhu thuyét minh.

5. San pham

5.1.Sdn pham khoa hec:

1. Cao Xuén Tuyén, Vii Quc Pong, Vii Ngoc Kién, Nguyén Tién Diing, Vii Xuan Tung (2019),
Nghién cizu thiét ké va ché tao hé thong xdc dinh chinh xac Vi tri ciia déng co' tuyén tinh trong cac
hé thang chuyén dgng thang, tai liéu tham khao Khoa Pién, truong Dai hoc K§ thuat Cong nghiép
— Pai hoc Thai Nguyén.
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2. Cao Xuan Tuyen, Nguyén Thi Huong (2018), “Ap dung phuong phép dieu khicn Backstepping va
bo diéu khién PID mo dé diéu khién vi tri dong co chay thang (tuyén tinh) xoay chiéu ba pha kich thich
nam cham vinh ctu”, Tap chi Khoa hoc & Cng nghé- Pai hoc Thai Nguyén, 178(02), tr. 55-60.

5.2.Sdn pham dao tao:

1. Nguyén Vin Quyét (2016) Nghién cieu diéu khién toc do, vi tri va ddo chiéu dong co tuyén tinh
theo phiong phdp diéu ché vector khéong gian img dung trong hé chuyén dong thang, Luan vin
thac si Khoa hoc K§ thuat chuyén nganh Ky thuat diéu khién & tu dong hoa, truong Pai hoc Ky
thuat Céng nghiép — Pai hocThai Nguyén.

2. Nguyén Ngoc Quyét (2016), Nghién cizu diéu khién toc dé, vi tri va dao chiéu dong co tuyén tinh
theo phiong phdp diéu ché d@é réng xung ing dung trong hé thong chuyén dong thang, Luan vin
thac si Khoa hoc K¥ thuat chuyén nganh Ky thuat didu khién & tu dong hoa, truong Pai hoc Ky
thuat Cong nghiép — Dai hoc Thai Nguyén.

5.3.Sdn pham #ng dung:

Stt Tén san pham S6 lwong | Y@u cau khoa hoc Dija chi (ng dung
1 Thiét bj va tai liéu bao céo | 01 bién ap ngudn 220V, | Hé théng ma modul
vé hé thdng xac dinh chinh mot pha; Cong suat: | co s& ding dé ché
X4c vi tri ciia dong co tuyén 0,25kW; Do chinh | tao cac robot, may
tinh trong cac hé thdng Xac vi tri: 10-4 m gia cong CNC, céc
chuyén dong thang tau dién cao tdc, ...
trong cac hé théng
gia cobng chinh xac

chuyén dong thang.

6. Phuong thuc chuyén giao, dia chi wng dung, tac dong va lei ich mang lai caa két qua
nghién ciu

-San pham  thiét bi hé thdng xac dinh chinh xéc vi tri cuia dong co tuyén tinh trong céc hé
thng chuyén dong thang 1a san pham hitu ich c6 thé duoc ap dung trong cac linh vuc cong nghiép
hién dai yéu cau diéu khién vi tri voi do chinh xac cao, nhu cac may CNC, robot,...

-Tai liéu tham khao dudi dang bao céo tong két 12 ngudn tham khao trén co s¢ do dé tién
t6i ché tao thiét bi & cac muirc cdng suat 16n hon.

- Két qua nghién ciru, phuong phap nghién ctru, huéng nghién ctru cia dé tai lam co so cho
viéc phat trién nghién ctru, dao tao trinh d6 dai hoc va sau dai hoc tai truong Pai hoc Ky thuat
Cong nghiép — Pai hoc Thai Nguyén hién tai va trong tuong lai.

Ngay 11 thang 02 nam 2019

T6 chirc chi tri Chii nhi¢m dé tai
KT. HIEU TRUONG
PHO HIEU TRUONG

PGS.TS. Vii Ngoc Pi TS. Cao Xuan Tuyén




INFORMATION ON RESEARCH RESULTS
1. General information

- Project title: Research, design and manufacture a accurately position determining system using
the linear motor in linear motion systems.

- Code number: BH2016 -TNO2 — 04

- Project Director: Dr. Cao Xuan Tuyen

- Organization: TNU - Thai Nguyen University of Technology

- Duration: From August 2015 to February 2019

2. Objective: Research, design and manufacture a accurately position determining system using
the linear motor in linear motion systems

3. Creativeness and innovativeness: The creativeness and innovativeness of the topic are
expressed in the following aspects:

- Firstly, until now, no manufacturer in Vietnam has produced a position control device for
permanent magnetic three-phase synchronous linear motor in particular and linear motors in
general. This project is the first project in Vietnam to implement this type of device, although at a
small capacity, but this is the basis for making equipment at larger capacity levels.

- Secondly, the project has applied modern control method which is vector control method
with nonlinear current controller and PID fuzzy controller for position loop circuit to improve the
control of position control of system.

4. Research results: Reporting material on design, building the power circuit of the system,
reporting material on design, building the control circuit of the system, reports on writing
algorithms, writing system control software, simulation model on matlab / Simulink used to create
program code loaded into TMS320F2812 DSP, design and manufacture a accurately position
determining system using the linear motor in linear motion systems with system test results
meeting the requirements on the project.

5. Products
5.1. Scientific products:

1.Cao Xuan Tuyen, Vu Quoc Pong, Vu Ngoc Kien, Nguyen Tien Dung, Vu Xuan Tung (2019),
Research, design and manufacture a accurately position determining system using the linear
motor in linear motion systems.

2. Cao Xuan Tuyen, Nguyen Thi Huong (2018),”Applying the Backstepping control method and
fuzzy PID controller to control the position of permanent magnet three phase AC linear motors”,
Journal of science and technology — Thai Nguyen University, 178(02), pp. 55-60.

5.3. Training products: .

1. Nguyen Van Quyet (2016), Study the control of speed, position and reverse of linear motors
using the space vetor modulation method in linear motion systems, Science master thesis in
Control & Automation, TNU - Thai Nguyen University of Technology.
2. Nguyen Ngoc Quyet (2016), Study the control of speed, position and reverse of linear motors
using the pulse width modulation method in linear motion systems, Science master thesis in
Control & Automation, TNU - Thai Nguyen University of Technology.



5.2. Application product:

Nug:g(r;rcal Name of product quantity | Science requirement | Application address
1 A accurately position | 01 Source voltage Basic module in

determining system using
the linear motor in linear

motion systems

Single phase AC
220 V, 0.25 kw,
Position  accuracy:
10-4 m

robots. CNC,

high-speed trams, ...
in linear motion
precision machining
systems .

6. Transfer alternatives, application institutions, impacts and benefits of research results:

- The device of accurately position determining system using the linear motor in linear
motion systems is a useful product that can be applied in modern industrial fields that require
position control with high precision, such as CNC machines, robots, ...

- References in the form of summarized reports are reference sources on that basis to
proceed to manufacture equipment at larger capacity levels.

- Research results, research methods, research directions of the project serve as a basis for
the development of research and training at the undergraduate and postgraduate levels in TNU -
Thai Nguyen University of Technology now and in the future.




MO DAU

Trong thyc té san xuat hién nay, chuyén dong thang I1a dang chuyén dong phd bién, xuat
hién nhiéu, dac biét trong linh vuc co khi. Xuat phét tir cong nghiép ché tao may véi nhiing dich
chuyén cta ban ga, miii khoan,... trong cac may gia cong cho dén sy ra doi ciia may CNC da dan
dén nhu cau doi hoi tao ra chuyén dong thang c6 chat lugng cao. Ngoai ra nhitng chuyén dong
thang nay con ton tai nhiéu trong cac thiét bi khac nhu Robot cong nghiép hay may méc phuc vu
nganh cong nghiép ban dan,... va no con xuat hién & ca nhitng linh vyc tuong ching xa la nhur
nganh giao thdng van tai v6i tau dém tir tredng & cac nudce phat trién (Puc, Nhat,..).

Cho dén nay viéc tao ra cac chuyén dong thang hau hét dwoc thuc hién mot cach gian tiép
thong qua cac dong co quay tron véi nhimg wu thé nhu bén viing, khdng nhay véi nhidu, d6 tin cay
cao,... Tuy nhién d6i voi nhitng hé théng nay do phai b sung cac co cdu chuyén doi trung gian
nhu hop s6, truc vit,... nén dan dén sy phuc tap vé két ciu co khi, tiém an bén trong né nhitng dao
dong riéng, tén hao ning luong ciing nhu anh huéng dén chat lwong chuyén dong cua hé thong.
Viéc sir dung loai dong co c6 kha ning tao chuyén dong thing truc tiép (dong co tuyén tinh) cho
phép loai bo nhitng nhugc diém ndi trén va nhiing nghién cau vé loai dong co nay hy vong s& phan
nao khic phuc duoc nhing dic diém do.

Xuit phét tir thuc té néu trén, nhom tac gia da dé suat va thuc hién dé tai “Nghién ciru
thiét ké va ché tao hé théng xdc dinh chinh Xac vi tri ciia déng co tuyén tinh trong cac hé thang
chuyén déng thing”.

1.Tinh khoa hec va cip thiét ciia dé tai

Pong co tuyén tinh la mot giai phap cong nghé mai hién dugc tng dung nhiéu trong san
Xuit cong nghiép, ung dung trong gia cdng cit got, tao hinh bé mit phirc tap nhu may gia cong
CNC va ca giao thdng van tai (dung ¢ loai tau dém tir cao t6c). So véi truyén dong co khi kiéu
truyén thong, giai phap cong nghé dong co tuyén tinh c6 nhiéu wu diém hon, ching han nhu c6 thé
dat dugc marc dich chuyén véi tée d6 cao; giam ma sat trong truyén dong; c6 tudi tho rat dai...
Hién nay, tai cac nudc phat trién, giai phap cong nghé dong co tuyén tinh duoc st dung rat phd
bién. Mic du c6 nhiéu wu diém vé tinh ning, hiéu qua khi sir dung nhung do gia thanh con kha cao
nén giai phap cong nghé dong co tuyén tinh vin chua c6 mat ¢ Viét Nam.

Mot linh vuc ¢ng dung quan trong khéc cua hé truyén dong dong co tuyén tinh la sy tham
gia ctia n6 trong cac may Robot gia cong cac bé mit phirc tap ciia cac miéng va so ndo, cac bé mit
khap gdi, khép vai. .. trong y hoc.

Céc huéng nghién ctru néu trén dé thudc cac dinh huéng nghién cau trong diém québc gia
Cua nha nudc.

Vi giai phap cong nghé dong co tuyén tinh ing dung trong cac may gia cong cit got, tao
hinh bé mat phuc tap nhu may gia cong CNC, robot, nham nang cao do chinh xéac trong gia cong,
thi yéu cau vé diéu khién chinh xac vi tri cia dong co tuyén tinh 12 van dé mau chét. Véan dé nay da
dugc cac hdng san xuat nudc ngoai thyc hién tét, nhung ¢ Viét Nam thi chua ¢ hang san xuat nao
snar xuat dong co tuyén tinh ciing nhur thiét bi diéu khién né.

Vi viy, dé tai duoc dit ra voi muc dich tao ra san pham trong nuéc, 1a thiét bi “co so™ sir
dung dé ché tao cac may gia cong cit got, tao hinh bé mat phuc tap nhu may gia céng CNC, robot,
nham nang cao d¢ chinh xac trong gia cong co khi cong nghé cao.

2. Muc tiéu ciaa dé tai

Nghién ctru thiét ké va ché tao hé théng xac dinh chinh xéc vi tri cua dong co tuyén tinh

trong céc hé thong chuyén dong thang



3. Pdi twgng, pham vi va phwong phap nghién ciru
- Péi twong nghién cieu

DPong co tuyén tinh dong bd ba pha kich thich vinh ctru va hé thdng xac dinh chinh xac vi
tri ciia dong co tuyén tinh dong bo ba pha kich thich vinh ciru trong cac hé théng chuyén dong
thang.

-Pham vi nghién ciru

Mach dong luc, mach didu khién va thuat toan diéu khién cho hé théng xac dinh chinh xac
vi tri dong co tuyén tinh trong cac hé thong chuyén dong thang

4. Cach tiép can va phuong phap nghién ciru
- Céch tiép can

Tinh toéan thiét ké xay dung md hinh mé phong trén may tinh va mé hinh thi nghiém; thiét
ké ché tao hé thdng thuc va thir nghiém trén hé théng thyc.
- Phwong phap nghién ctru

Str dung phuong phap phén tich, tong hop, so sanh va danh gia :Nghién ctu tai lieu vé
thiét ké, ché tao cac dong co tuyén tinh, vé cac phuong phap didu khién dong co tuyén tinh; tim
hiéu, phan tich, danh gia mot s6 hé théng diéu khién vi tri dong co tuyén tinh da c6 trén thé gisi dé
thiét ké hé thong xac dinh vi tri phi hop véi diéu kién trong nudc vé san xuit va tng dung.

M6 hinh hoa va md phong dé kiém tra kha niang lam viéc va chi tiéu ky thuat cua thiét bi
(hé thong) da thiét ké;

Ché tao, thir nghiém thiét b thuc da ché tao.



CHUONG 1. PONG CO TUYEN TiNH VA PIEU KHIEN VI TRi HE TRUYEN PONG SU
DUNG PONG CO TUYEN TINH

Trong chuong nay, dé tai trinh bay lich sir phét trién dong co tuyén tinh; cau tao va phan loai dong
co tuyén tinh, trén co so phén tich cac tinh nang ky thuat., mirc d6 pho bién va gia thanh, dé tai luc
chon d6i twong cua thiét bi diéu khién 1a dong co tuyén tinh ddng bd ba pha kich thich vinh ciru
dang phing don, tir d6 dé tai 1am rd hon vé nguyén Iy lam viée ctia dong co tuyén tinh dong bo ba
pha kich thich vinh ctru dang phiang don.

Dé 1am co s& cho viéc lya chon phuong phap diéu khién, dé tai phan tich cac nguyén tic
chung diéu khién DCTT-KTVC, tir 6 lya chon ra phuong phap diéu khién cho PCTT-KTVC la
phuong phap diéu khién vector.

CHUONG 2. XAY DUNG PHAN CUNG

Trong chuong ndy, dé tai dua ra so dd khdi , so dd ciu trdc phan cing mach luc cho dong co tuyén
tinh ddng bo ba pha kich thich vinh ctru; phan tich lya chon, xay dung phan cting mach dong luc.

Trén co s¢ d6, dé tai lra chon phan cirng mach dong luc 1a céc IC tich hop cho cac phan cing
mach chinh luu va phan ciing mach nghich luu.

Ciing trong chuong nay, trén co s& phén tich cac tinh nang k¥ thuat cia DSP
TMS320F2812, d& tai lya chon phan ciing cho mach diéu khién 1a DSP TMS320F2812 va thuc
hién két néi gitra DSP TMS320F2812 véi phan ctiing mach luc hé théng.

2.1. Phan cing mach déng luc

Phan cirng mach nghich luu 1a modul cdng suat thdng minh chuyén dung ASIPM loai
FSBB30CH60C cua hang Fairchild

Cin ctr vao thong sb cua cac bo chinh luu ciu mot pha tich hop hién cé trén thi truong cua
cac hing SHANGHAI SUNRISE ELECTRONICS CO., LTD, dé tai chon bd chinh lwu cau mot
pha tich hop loai KBPC 2504.

DSP MACH BO bONG
TMS320 -. DEM * BIEN # €O
PIEU POl TUYEN
SUAT

SENSOR

DONG,

AP, VAN

TOC & VI

TRI

Hinh 2.1. So db khéi hé théng




Hinh 2.2. So d6 cau tric phan ciing mach luc cho dong co tuyén tinh dong bé ba pha kich thich
vinh ctru
2.2. Phan cirng mach diéu khién
Trén co s& phan tich cac dic tinh ki thuat, tinh ph bién, gia thanh va tinh kha thi khi thuc
hién, d tai lya chon phan citng mach diéu khién 1a DSP TMS320F2812.
Tiép dén, d¢ tai xay dung hoan chinh phan ciing mach diéu khién bao gom: Khéi ngudn mach
diéu khién; Mach Reset; Mach tao dao dong; Mach ghép ndi bé nhé bo nhd RAM IS61LV
25616AL, 256Kx16 bit; Mach ghép ndi bo nhé bo nhd FLASH SST39VF800, 512Kx16bit; Mach
DSP JTAG; Ghép ndi TMS320 F2812 véi module cong suat théng minh FSBB30CH60C

Trén co s& CAC mac nguyén ly, dé tai thuc hién ché tao phan cting cho hé théng duoc thé
hién thdng qua cac hinh 2.9,

=)

foXotoNuolelot N I

Hinh 2.19. So d6 mach Ghép néi
TMS320 F2812 véi module cong suat
théng minh FSBB30CH60C

Hinh 2.9. DSPTMS320F2812

Hinh 2.20. Board mach lyc hé thng Hinh 2.21. Board mach giao tiép diéu khién hé
thong



Hinh 2.22. H¢ théng xac dinh chinh Hinh 2.23. Két ndi hé théng véi PLC
X4c Vi tri cia dong co tuyén tinh trong va may tinh PC
céc hé théng chuyén dong thang

CHUONG 3. THIET KE PHAN MEM
3.1. Thiét ké bp diéu khién dong dién cho ddng co tuyén tinh ba pha kiéu dong b
3.1.1. Mb hinh toan hoc dong co tuyén tinh ba pha kich thich vinh ciu
Theo [2], ta c6 hé phuong trinh toan hoc md ta DPCTT-KTVC nhu sau:

di,, 1. (2;: erq. 1

— =i+ —V g +— Uy

dt Trd z er er

di, 27 Ly . 1. 1 2T V¥, (3.1)
=—| —V |y ——lg+—U,—| —V

dt T Ly, T, L, T L

ds

_:V

dt

Theo [2] luc dién tir cia PCTTKTVC duogc xac dinh nhu (3.2) va phuong trinh chuyén dong cua
dong co nhu (3.3)

F= ?’7”(1//pirq (g = Lg ey ) 3.2)
E o 3.3
F-F, =m m (3.3)

3.1.2 Thiét ké b didu khién dong dién theo phwong phap Backsteping cho ddng co tuyén
tinh.

Dé nang cao duoc chit luong diéu khién cua hé thdng, can tap trung ning cao chit luong
ciia bo diéu chinh dong cho déng co, bang cach ap dung phuong phéap thiét k& phi tuyén
Backstepping dé tong hop bo diéu khién dong. So dd céu tric diéu khién phia dong co trong do
khau diéu chinh dong duoc thiét ké theo phwong phap phi tuyén Backstepping. N6i dung cta phan
tdng hop b diéu chinh dong phia déng co bao gdm cac cong viée chinh sau:

- Téng hop khau diéu chinh dong Backstepping co ban phia dong co: bao gdm téng hop cac
bd diéu chinh thanh phan i va irq trén mién lién tyuc, sau d6 s6 hoa bd didu chinh dong dé c6 thé
thue hién viéc cai dat bo didu chinh trén hé théng xir Iy tin hiéu sé DSP. Qua bd diéu chinh dong co
ban, ta s€ théy duoc bd diéu chinh d3 thue hién dugc viée tach kénh thong qua bu cac thanh phﬁn

.27V,

lién két ngang —1,,va — 1, viéc bu tryc tiép dién 4p ngudn (dién ap dat vao phan chuyén
T T



dong ), bu tir thong phan chuyén dong, bu van tdc chuyén dong cta dong co. Tuy nhién, do bd dicu
chinh dong chua c6 thanh phén tich phan, nén s€ tn tai sai 1éch tinh.

- Khéc phuc sai 1éch tinh. Do bd diéu chinh dong Backstepping co ban chua ¢ thanh phan
tich phan, nén dé khir sai 1éch tinh, ta dwa thanh phﬁn tich phan vao trén co s¢ ky thuat
Backstepping.

REC
Rim’
P —
IR Yra T »| NLNA
. A BDK backstepping A SVPWM
e § Hf‘ﬂ >
+ g g >
—’@—’ urq A "
i 1 27
q i R 8 = — | vdt
ry irg ’ T
i v v
7j9x
“’{ e L i\ﬁ 2
S
5 FLC
27
Tinh &, :—_[vdt P
: r <
Tinh S = jvdt o

Hinh 3.1. C4u trac diéu khién DCTT loai BB - KTVC 3 pha st dung
phuong phap Backstepping

3.1.2.1. Thiét ké b diéu chinh thanh phan i,y trén mién lién tuc.
Chon i la bién diéu khién, gia tri mong mudn cia né i,y duoc lay tir b diéu chinh md
men thdng qua khau tinh toan gia tri dat. Goi sai léch gitra i.q va gia tri dat i 12 :
1= ird - ird* (34)

Trén co sé chon ham dieu khién Lyapunov la: v, = E Zf, va dé dam bao dao ham cta ham

diéu khién Lyapunov |a am, ta thiét ké duoc bo didu khién dong (3.6)

1 1. (2rn L. . di,
—u,=—l,-| —Vv|—i +—"-kz (3.6)
rd rd ( T jL rq dt 171

L rd Trd

rd



Véi kq 12 hang sé duong.
3.1.2.2. Thiét ké bp diéu chinh thanh phan i,, trén mién lién tuc

Chon i 12 bién diéu khién, gia tri mong mudn caa nd i, duogc lay tir bo diéu chinh cong suat
thong qua khau tinh toan gia tri dat TSP. Goi sai léch giira irq va gia tri dat irq* la:

Z; =g — irq* (3.7)
Chon ham dieu khién Lyapunov la: v, = > z> va dé dam bao dao ham ciia ham diéu khién

Lyapunov 1a am, ta thiét ké duoc bo diéu khién dong (3.11)

di’
iurq :(z_ﬂ-vj er ird +iirq +(2_ﬂvJﬁ+ il —k222 (311)
Ly T q q T L dt

rq
Vi k, 12 hing sé duong.

Nhén xét: Bo diéu chinh dong Backstepping da thuc hién duoc cac van dé sau:

. , 21 . 21 .
- Thuc hién tach kénh thong qua bu thanh phan lién két ngang — VI ,va — VI
T T

rq -
- Bu dién ap ludi.; BU tir théng.; BU van téc phan chuyén dong v.
- Tuy nhién, do bo diéu chinh khdng cé thanh phan tich phan, nén s& gay sai léch tinh.
3.1.2.3. Tinh 6n dinh cia hé c6 b diéu chinh dong Backstepping

Véi cac khau diéu chinh (3.6) va (3.11), thay chung vao cac phuong trinh (3.5) va (3.10), ta
dugc cac phuong trinh md ta mé hinh dong cia DCTT-KTVC trén khong gian céc bién trang thai
méi z; va z, nhu sau :

(3.12)

&: _klzl
{& =-k,Z,

C6 thé viét hé ¢ dang sau:

ol el
— = (3.13)
dt\ z, 0 —k,)\z

Hé c6 diém can bang : (z1,2)" = (0,0)"
\ A FS 1 2 1 2 A A 5 z
Chon ham diéu khién Lyapunov : v = > Z + > Z, . Lay dao ham cua v, ta co:

18 7,8+ 2,8 =k 27 — K,z <0, ta két luan, h¢ 6n dinh tai diém can bing (21,2,)'=(0,0)". B¢

diéu khién da thiét ké dam bao yéu ciu én dinh toan cuc va iy — iy, i, >

3.1.2.4. S6 hoa bd diéu chinh dong Backstepping co ban.
Sau khi thuc hién sé hoa cac thanh phan dao ham ta duoc bo diéu khién (3.15) va (3.18)



1 1. 2n L.

o0 =i (0 2o 21, 10+ -
+—T[3|rd(k)—4|rd(k—l)+|,d(k—2)]—kl[|rd(k)—|rd(k)]

1 2n L. 1. 2n v, (K)

—u,(k =(—v k j—“’lrd K)+—i,(k +(—v kj P24

L. (k)=| —v(k) » (k) T, (k)+ —v(k) L. 019

+_[3. (K)—4i (k-1 +i (k—2)]- k[ (k)—i?q(k)]

3.1.2.5. Khic phuc sai léch tinh

Véi bo diéu chinh dong Backstepping co ban, do trong bo diéu chinh chua ¢ thanh phan
tich phan nén s& c6 sai léch tinh, ngoai ra nguyén nhan dan dén c6 sai léch tinh con do anh hudng
cua tan sé ldy miu, cac tham sé cua dong co trong qua trinh 1am viéc. D& khic phuc sai léch tinh,
muc dich dit ra |a phai dwa duoc thanh phan tich phan vao thuét toan backstepping co ban. Thanh
phan tich phan duoc thém vao mé hinh ddi tuong, va sau d6 trugt vé phia phuwong trinh bo diéu
khién. Dé thyc hién dugc muc dich trén, ta xem xét lai ban chat cia bo diéu chinh dong
backstepping co ban trén quan diém tuyén tinh hoa va tach kénh tryc tiép[1] cua phuong phap
backstepping, trén co s¢ d6, dua ra mot cach ap dung moi dé tong hop bd didu chinh dong
Backstepping cho dong co tuyén tinh kiéu ddng bo kich thich vinh ciru.

Sauk hi thuc hién khéc phuc sai léch tinh ta duoc céc bo diéu khién dong dién cho dong co
nhu (3.39) va (3.56)

1+k, .k, Tz -
Wﬁ)(+LJ)Z[ 1) =% (@) |+ (kyy +ky, )| V1(2) - &@ﬂ 1w®@%)
w,@ =TT ), @] e [0 0@ ]+ i) @56)

Trén co s¢ xay dung biéu thirc dinh thie ciia hé sé cac phuong trinh sai 1éch (3.57)

—k 1
e
12 12

S5 2l

ta co duge cac diém cuc la:

Va (3.62)

P, =Ky, P, =Ky, . véi diéu kign: kiki, >>1
Py1 = —Kyp, Py =—Kyy + Vi diGu Kién: kpkp >> 1
Tur d6 cho ta cach lua chon cac hé s6 Kqq, iz, Kot Koo
3.2. Thiét ké b diéu khién van téc

Ap dung tiéu chuan mo dun ddi ximg, ta im dugc bo diéu khién van tdc nhu (3.68)



m(s® +k, 5 +k;, )

R,(s)= (3.68)

677, (K5 +k, ) (1+7,5)

3.3. Thiét ké b diéu khién PID mé cho mach vong diéu chinh vi tri
3.3.1. Xac dinh cac bién ngdn ngir vao va ra

Véi muc dich chinh cua hé thong diéu khién 1a dat duoc vi tri yéu cau véi d6 chinh xéc cao,
theo kinh nghiém thyc té, ta chon cac bién ngdn ngir vao la sai 6 vi tri (quéng duong) AS va dao
ham sai s6 vi tri Ae, bién ngdn ngir dau ra 1a van téc yéu cau v', do d6 quan hé ham cua FLC Ia:

V'(n) = f(Ae(n), AS(n)). Trong d6: Ae(n) = AS(n) - AS(n-1) 1a dao ham sai sb vi tri, AS(n) = S'(n)
-S(n) 1a maiu hién tai cua sai s6 vi tri, AS(n-1) 1a mau quéa khir cua sai s6 vi tri, S(n) 1a mau hién
tai caa vi tri thuc, S'(n) 12 mau hién tai cua vi tri yéu cau, f 1a ki hiéu caa ham phi tuyén. Cau tric
bo diéu khién vi tri kiéu PID mé& duoc thé hién nhu hinh 3.5. Cac hé sé K., K, dugc chon sao cho
cac gia tri dugc chuan hoa cua sai s6 vi tri AS(n), va dao ham sai s vi tri Ae(n) bién thién trong
khoang [-1,+1]. Hé sé Ky duoc chon sao cho dau ra caa bo diéu khién 1a van téc dinh mac yéu
cau. O day, cac hé sé duoc lay 1a: Ks = S (vi tri dat), K, = 10, Ky = 12,5.

o M) - FLC

AS(n) +
S (n) = Ae(n) [ f
- K |

T ] Ky

AS(n-l) —V>( )
*(n

S(n)
Hinh 3.5. Cau trdc bo diéu khién vi tri kiéu PID mo.
3.3.2. Xic dinh dang cac ham lién thudc va cac gia tri cia bién ngon ngir.
O day, dé don gian ta lya chon ham lién thudc dang hinh thang va hinh tam giac, 1a dang ham

lien thudc c6 muc chuyén doi tuyén tinh. Dang cac ham lién thudc va gid tri caa cac bién ngén ngir
dau vao va ra duoc chira ¢ hinh 3.6, 3.7, 3.8.

Membership function plots  Plot points: 181
Membership function plots Plot points: 181

NH NL Z PL PH
NE ZE Ps

Hinh 3.7. Dang cac ham lién thuoc
va gia tri cac bién ngdn ngit vao
VT(Ae)

Hinh 3.6. Dang c&c ham lién thuoc
va gid tri cac bién ngbn ngir vao
SLVT(AS)
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Membership function plots  Plot points: 181

NH ML PL NC PM PH

*

Hinh 3.8. Dang cac ham lién thudc va gié tri cac bién ngdn ngir rav

3.3.3. Xay dung céc luat diéu khién “ néu .. thi «.

Can ctr vao ban chat vat Iy, sé liéu va kinh nghiém, ta chon 7 luat nhu sau:
Luat 1: if SLVT is PH ( duong cao), then V" is PH (dwong cao);
Luat 2: if SLVT is PL ( duong thap), then V" is PM (duong trung binh);
Luat 3: if (SLVT is ZE (bang 0)) and ( VT is PS (dwong)), then V" is PL (duong thap);
Luat 4: if (SLVT is ZE (bang 0)) and (VT is NE (4m)), then V" is NC (khong thay doi);
Luat 5: if (SLVT is ZE (bang 0)) and (VT is ZE (bang 0)), then V" is NC (khong thay doi);
Luat 6: if SLVT is NL ( am thap), then V" is NL (&m thap);
Luat 7: if SLVT is NH ( &m cao), then V" is NH (4m cao).
3.3.4. Chon luat hop thanh va giai mo.

O day, ta chon luat hop thanh max-min va giai mo theo phuong phéap diém trong tam.
3.4 Xay dung so d6 Matlab/Simulink tao code nap vao DSP TMS320F2812

So d6 Matlab/Simulink tao code nap vao DSP TMS320F2812 toan bo hé thong bao gom:
Khau diéu ché vector khong gian, Khdi tao két néi MatLab/Simulink véi phan mém tao code va
nap code cho TMS320F2812, Khdi tao két ndi MatLab/Simulink véi phan mém tao code va nap
code cho TMS320F2812, Khdi tao xung dua vao cac cuc diéu khién cua cac IGBT sir dung
TMS320F2812, khéi simulink mach him déng ning, simulink bo diéu khién dong dién, khoi
simulink bo didu khién van téc, khéi simulink bo diéu khién vi tri,cac khbi chuyén hé toa do, Khau
doc van tdc tir sensor cia TMS320F2812, Khau doc dong dién ba pha tir sensor dong dién, doc gia
trj dat cua vi tri va doc gia tri dién &p mot chiéu trung gian caa TMS320F2812 (khau ADC)

3.5. Lap trinh DSPTMS320F2812 tir Matlab/Simulink va CCS

Budéc 1: GB 1énh “xmakefilesetup” tir dau nhic ciia Matlab, matlab s& xuit ra hop hoi thoai
XMakefile User Configuration va thiét 1ap cau hinh thich hop cho hop thoai

Budéc 2: Tao mo File M6 hinh bang léch: File/new/Model

Budc 3: Chon khdi Target Preferences tir thu vién Simulink dua vao File Model, thiét 1ap cau hinh
cho khéi

Budc 4:Xay dung cac khdi Simulink cho cac bo didu khién dong dién, van téc, vi tri, , khdi diéu
ché vector khéng gian, khéi tao xung dua vao cac cuc diéu khién cua cac IGBT st dung
TMS320F2812, cac khdi chuyén toa do, khbi doc van téc tir sensor cia TMS320F2812, khéi doc
dong dién ba pha tir sensor dong dién, doc gié tri dat cua vi tri va doc gi tri dién 4p mot chiéu
trung gian ctia TMS320F2812 (khau ADC) ¢ file MODEL nhu hinh 3.39.
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Bwéc 5: Thiét lap cau hinh cho file Model
Bwéc 6: Khai tao phan mém Code Composer Setup, thiét 1ap cau hinh hé théng

Bwéc 7: Khoi tao phan mém Code Composer Studio va két ndi véi Board nap code cho
TMS320F2812 sau khi da ndi cong giao tiép DSP JTAG cua Board nap code véi cong USB cua
may tinh théng qua thiét bi XDS100USB DSP EMULATOR va cip ngudn cho Board nap code.

Buwéc 9: Thuc hién Iénh tao code cho mo hinh, chuong trinh sé tu Chuyén tor mé hinh Simulink
sang mi chuong trinh ngdn ngit C cho TMS320F2812, dich ma ngudn va tu dong nap vao bo nhé
cua TMS320F2812.

1 C281x

v
i
. va uls
- - —|
BOK Vit M ab 1
— i - ub  puist -z
~ gim =
BDK van toe »li _ WE g
BDK Dong Dien dq->ab’ o
y #uDC  puisd

SVP I

e g
R
il

Hinh 3.44. Két ni may tinh PC véi Hinh 3.45. Thuc hién lénh tao code
Board nap code cho TMS320F2812 cho md hinh
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CHUONG 4. KET QUA THU NGHIEM, PANH GIA, KET LUAN VA KIEN NGHI
4.1. Két qua thir nghiém

4.1.1. Thir nghiém ¢ téc d6 cao

4 5
Time [s]

a) Vi tri dat ¢ toc d6 cao b) Sai léch vi tri ¢ téc do cao

] g
Treab]

¢) Pap ung van téc
Hinh 4.1. Thir nghiém ¢ téc d6 cao

4.1.2. Thir nghiém & tée do thap

a) Vitri dat b) Sai léch
0.04

¢)DPap ung van toc

Hinh 4.2. Thir nghiém & toc do thap



13

4.1.3. Thir nghiém véi quy dao dit s =0,2t

0.000012,

0.000001

E 0.000008

T = 0.000008
2

& 0.000004,

0.000002

% 0s 1

15
Tirme (5]

a) Qu¥ dao thuc b) Sai léch quy dao

0.25,

02

0.15!

0.1

Van toc [mis]

0.05

15 25 3
Time [s]

¢) Bap tng van téc

Hinh 4.3. Thir nghiém véi quy dao dat s'=0.2t

4.1.4. Thir nghiém véi quy dao dat 1a hinh sin x=0,6sin3t

08 0000005,
0 0000004
0000003

02
F 0000002
Y = 0000001

=

02 5 o
04 2.0.000001
-0.000002

08
-0.000003

08
] 1 H 3 4 5 5 4 |

e 00000045 1 4 5 &

3
Time [s]

a) Quy dao thuc b) Sai léch quy dao
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¢) Pap tng van téc

Hinh 4.4. Thir nghiém véi quy dao dat hinh sin: S™ = 0.6sin3t
4.2. Panh gia, két luan va kién nghi
4.2.1. Panh gia khi ning lam viéc cia hé thong.

Hé thong da duoc thir nghiém véi cac quy dao dat va van tdc chuyén dong nhanh cham
khac nhau dé danh gia mirc d6 bam vi tri ciia hé théng. Cuu thé:

- Khi thtr nghiém hé thdng tir vi tri 0 dé vi tri 0.6m, dung, roi dao chidu chuyén dong dén vi
tri -0.6m véi toc d6 2,4 m/s, két qua bam vi tri dat voi sai s6 1a 2,4.10° m. Két qua nady ching to
kha ning bam vi tri chinh xac cua hé thong & tc do cao.

- Khi thir nghiém hé thdng tir vi tri 0 dén vi tri 0.3m, ding, rdi dao chiéu chuyén dong tré
lai vi tri ban dau (vi tri 0) véi toc do thip v=0.03 m/s, két qua bam vi tri dat voi sai s6 14 5,5.10° m.
Két qua ndy ching to kha nang bam vi tri chinh xac cua hé théng ¢ téc do thap véi sai s6 nho hon &
tdc do cao.

- Khi thir nghiém hé théng voi quy dao dit 1a x =0,2.t, chuyén dong tir vi tri 0 ban dau dén
vi tri 0,6m, hé théng da bam chinh xac quy dao dit vai sai s6 1.10°m, voi vén tdc khong ddi 12 0,2
m/s. Két qua nay ciing khang dinh kha ning bam vi tri chinh xac ciia hé thong theo quy dao dit la
duong thang.

- Khi thtr nghiém véi quy dao dit 1a hinh sin x=0,6sin3t, hé thong da bam theo quy dao dat
VGi sai s Vi tri 12 4.10° m . Két qua nay ciing khang dinh kha ning bam vi tri chinh xéac cta hé
thdng theo quy dao dat Ia hinh sin.

Céc thir nghiém trén da khang dinh kha ning bam vi tri chinh xac cia hé thong & cac quy
dao dat khac nhau.

4.2.2. Két luan

Véi muyc tiéu nghién ctru thiét ké va ché tao hé thdng xac dinh chinh xac vi tri cua dong co
tuyén tinh trong cac hé thong chuyén dong thang , dé tai da dat dugc nhiing két qua sau:

- Thét ké va ché tao phan cang ciia hé thong trén co so sir dung DSP TMS320F2812.

- P d¢ xuat phuong phap diéu khién phi tuyén Backstepping va bo diéu khién PID mo dé
thiét ké bo diéu khién cho hé thdng.

- Thiét ké duoc phan mém diéu khién h¢ thong trén co s¢ ap dung phan mém
MatLab/Simulink va code composer Studio dé tao code nap vao DSP TMS 320 F2812.
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Céc két qua cua dé tai da dugc cong bd thong qua 01 bai bao dang tai tap chi khoa hoc va
cong nghé dai hoc Thai Nguyén, huéng dan thanh cong 02 hoc vién cao hoc tai truong dai hoc K
thuat Céng nghiép Thai Nguyén.
4.2.3. Kién nghj

Trién khai nhan rong voi cac dong co tuyén tinh khac, nhu déng co tuyén tinh khong dong
b6, dong co tuyén tinh kiéu dong co budc véi cac cong suat khac nhau va ap dung céc hé thong do
vao thuc té san xuat.

Tiép tuc phét trién d& tai theo hudng nghién ciru va &p dung cac phuong phap diéu khién
méGi dé nang cao hon nita do chinh xac bam vi tri cua hé théng.

Tiép tuc nghién ciru V& ly thuyét hiéu img dau cubi (end effect) dé bd sung vao ciu tric
diéu khién , qua d6 nang cao hon nira chit lwvong cua hé thong va nang cao kha niang ap dung cua
hé thdng trong cac may cong nghiép, robot yéu ciud do chinh xac cao trong diéu khién vi tri.



