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DAl HOC THAI NGUYEN
Trwong Pai hoc Ky thuat Cong nghiép

THONG TIN KET QUA NGHIEN CUU

1.Thong tin chung

- Tén dé tai: Nghién ctu thiét ké va ché tao hé théng xac dinh chinh xac vi tri cua
dong co tuyén tinh trong céc hé théng chuyén dong thang

- M& s6: PH2016 -TNO2 — 04

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

- T6 chirc chu tri: Truong Pai hoc K thuat Cong nghiép - Pai hoc Thai Nguyeén.
- Thoi gian thyc hién: tir 01/8/2016 dén 28/2/2019.

2. Muc tiéu

Nghién ciru thiét ké va ché tao hé théng xac dinh chinh xac vi tri cia dong co
tuyén tinh trong céac hé thong chuyén dong thang

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

- Thr nhét, cho dén nay, & Viét nam chua c6 nha ché tao nao ché tao ra thiét
bi diéu khién vi tri cho dong co tuyén tinh dong bo ba pha kich thich vinh ciru néi
riéng va dong co tuyén tinh néi chung. D& tai nay 1a dé tai dau tién ¢ Viét Nam thyc
hién ché tao loai thiét bi nay, tuy & mac cong suat nho, nhung day 1a co so dé tién
ti ché tao thiét bi & cac mirc cong suat 16n hon.

- Thir hai, d¢é tai d4 4p dung phuong phap diéu khién hién dai 1a phuong phap
diéu khién vector véi bo diéu khién dong dién phi tuyén va bo diéu khién mo PID
cho mach vong vi tri dé nang cao tinh chinh xé4c trong diéu khién vi tri cua hé thong.

4. Két qua nghién ciu

- Tai liéu bao céo vé tinh toan thiét ké, xay dung mach dong luc cua hé théng.

- Tai liéu béo céo vé tinh toan thiét ké, xay dung mach diéu khién cua hé théng.
- Tai liéu bao céo vé viét thuat toan, viét phan mém diéu khién hé thong.

- So @6 m6 phong trén matlab/Simulink dung dé tao code chuong trinh nap vao
DSP TMS320F2812.

- Ché tao hoan chinh hé théng xac dinh chinh xac vj tri cia dong co tuyén tinh trong
c4c hé thdng chuyén dong thang voi cac két qua kiém nghiém hé thong dat yéu cau
nhu thuyét minh.
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1. Cao Xuan Tuyén, Vii Quic Pong, Vii Ngoc Kién, Nguyén Tién Diing, Vi Xuin
Tung (2019), Nghién czzu thiét ké va ché tao hé thong xdc dinh chinh xac vi tri cia
déng co tuyén tinh trong cac hé thang chuyén déng thang, tai liéu tham khao Khoa
bién, trrong Pai hoc Ky thuat Cong nghiép — Pai hoc Thai Nguyén.

2. Cao Xuan Tuyén, Nguyén Thi Huong (2018), “Ap dung phuong phap diéu khién
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 chdm vinh ctru”, Tgp chi Khoa hoc & Céng
nghé- Pai hoc Thai Nguyén, 178(02), tr. 55-60.

5.2.5dn phdam dao tao:

1. Nguyén Van Quyét (2016), Nghién ciru diéu khién toc do, vi tri va dao chiéu
déng co tuyén tinh theo phirong phdp diéu ché vector khéng gian ig dung trong hé
chuyén dong thang, Luan van thac si Khoa hoc K¥ thuat chuyén nganh Ky thuat
diéu khién & tu dong hoa, trudng Pai hoc K thuat Coéng nghiép — Pai hocThai
Nguyén.

2. Nguyén Ngoc Quyét (2016), Nghién ciru diéu khién toc dg, vi tri va dao chiéu
dong co tuyén tinh theo phwong phdp diéu ché do rong xung i#ng dung trong hé
thong chuyén dgng thang, Luan vin thac si Khoa hoc K§¥ thuat chuyén nganh Ky
thuat diéu khién & ty dong hda, trudng Pai hoc K¥ thuat Cong nghiép — Pai hoc
Théai Nguyén.

5.3.Sdn pham sng dung:

Stt Tén san pham S6 luong | Yéu cau khoa hoc | Bia chi ang dung
1 | Thiét bi va tai liéu béo | 01 bién 4p nguon |Hé théng ma
cao vé hé théng xac 220V, mot pha; | modul co s diing
dinh chinh xéc vi tri cua cong suat; | dé ché tao cac
dong co tuyén tinh trong 0,25kW; Do | robot, may gia
cac hé thdng chuyén chinh xéac vi tri: | cong CNC, cac
dong thang 10-4 m tau dién cao tdc,
. trong cac h¢
théng gia cong
chinh xac chuyén

dong thang.

6. Phwong thic chuyén giao, dia chi wng dung, tac dong va lei ich mang lai cia
két qua nghién ciu

-San pham thiét bi hé thdng xac dinh chinh xé4c vi tri ciia dong co tuyén tinh
trong cac hé thdng chuyén dong thang 1a san pham hitu ich c6 thé duoc ap dung
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trong cac linh vuc cdng nghiép hién dai yéu cau diéu khién vi tri véi do chinh xéc
cao, nhu cac may CNC, robot,...

-Tai liéu tham khao dudi dang bao céo tong két 1a nguon tham khao trén co
s& d6 dé tién t6i ché tao thiét bi & cac muc cong suét 16n hon.

- Két qua nghién ctru, phuong phap nghién ctru, hudng nghién cau cua dé tai
1am co s& cho viéc phat trién nghién ctu, dao tao trinh d6 dai hoc va sau dai hoc tai
treong Pai hoc Ky thuat Cong nghiép — DPai hoc Thai Nguyén hién tai va trong
tuong lai.

Ngay 11 thang 02 nam 2019
To chirc chi tri Chii nhi¢m aé tai
KT. HIEU TRUQ'NG
PHO HIEU TRUONG

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

Numerical Name of product quantity Sc_lence Application
order requirement address
1 A accurately position | 01 Source voltage : | Basic module in
determining  system Single phase AC | robots. CNC,
using t_he linear mo_tor 220_\_/, 0.25 kW, high-speed
in  linear  motion Position t :
rams, ... in
systems accuracy: 10-4 linear motion
m 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 thuc té san xuét hién nay, chuyén dong thiang la dang chuyén dong
phd bién, xuat hién nhiéu, dic biét trong linh vuc co khi. Xuit phét tir cong nghiép
ché tao may voi nhiing dich chuyén cta ban ga, miii khoan,... trong cic may gia
cong cho dén su ra doi cia may CNC d3 dan dén nhu cau doi hoi tao ra chuyén
dong thang c6 chat lwong cao. Ngoai ra nhirng chuyén dong thang nay con ton tai
nhiéu trong cé4c thiét bi khac nhu Robot cdng nghiép hay may méc phuc vu nganh
cong nghiép ban dan,... va né con xuat hién ¢ ca nhiing linh vuc tuéng ching xa la
nhu nganh giao thong van tai véi tau dém tir truong & cac nudc phét trien (Buc,
Nhat,..).

Cho dén nay viéc tao ra cac chuyén dong thang hau hét dugc thuc hién mot
cach gian tiép thong qua cic dong co quay tron véi nhitng vu thé nhu bén viing,
khong nhay véi nhidu, do tin cay cao,... Tuy nhién d6i v4i nhitng hé thong nay do
phai bd sung cac co ciu chuyén d6i trung gian nhu hop s, truc vit,... nén din dén
su phtic tap vé két cau co khi, tiém an bén trong né nhiing dao dong riéng, ton hao
nang luong ciing nhu anh huéng dén chat lugng chuyén dong cua hé théng. Viéc sir
dung loai dong co c6 kha ning tao chuyén dong thang truc tiép (dong co tuyén tinh)
cho phép loai bé nhitng nhugce diém noi trén va nhitng nghién ciu vé loai dong co

nay hy vong s& phan nao khic phuc dugc nhimng dic diém do.

Xuat phét tir thuc té néu trén, nhom tac gia da dé suat va thuc hién dé tai
“Nghién cizu thiét ké va ché tao hé thong xac dinh chinh xac vi tri cia déng co

tuyén tinh trong cac hé théng chuyén déng thang”.
1.Tinh khoa hoc va cap thiét cia deé tai

DPong co tuyén tinh 12 mot giai phap cdng nghé mai hién duoc tng dung
nhiéu trong san xuit cdng nghiép, tng dung trong gia cdng cit got, tao hinh bé mat
phirc tap nhu may gia cong CNC va ca giao thong van tai (dung & loai tau dém tur
cao toc). So véi truyén dong co khi kiéu truyén thong, giai phap céng nghé dong co
tuyén tinh c6 nhiéu vu diém hon, ching han nhu c6 thé dat duoc muc dich chuyén
véi tée do cao; giam ma sét trong truyén dong; co tudi tho rat dai... Hién nay, tai
cac nude phat trién, giai phap cong nghé dong co tuyén tinh duoc sir dung rat phod
bién. Mic di c6 nhiéu wu diém vé tinh niang, hiéu qua khi st dung nhung do gia



thanh con khé cao nén giai phap cong nghé dong co tuyén tinh van chwa c6 mat &
Viét Nam.

Mot linh vuc ¢ng dung quan trong khac cua hé truyén dong dong co tuyén
tinh 1 sy tham gia cua né trong cac may Robot gia cong cac bé mat phuc tap cua
cac miéng vé so ndo, cac bé mat khép gbi, khép vai. .. trong y hoc.

Céac hudéng nghién ciru néu trén dé thudc cac dinh hudng nghién ctu trong
diém qudc gia cua nha nudc.

Véi giai phap cdng nghé dong co tuyén tinh ¢ng dung trong cac may gia
cong cat got, tao hinh bé mat phic tap nhu may gia cong CNC, robot, nham néng
cao d6 chinh xac trong gia cong, thi yéu cau vé diéu khién chinh xéac vi tri ciia dong
co tuyén tinh 1a van d& mau chét. Van dé nay da duoc cac hdng san xuat nudc ngoai
thuc hién tt, nhung ¢ Viét Nam thi chwa c6 hang san Xuat nao snar xuat déng co
tuyén tinh cling nhu thiét bi diéu khién no.

Vi vay, dé tai duoc dat ra vai muc dich tao ra san pham trong nudéc, 1 thiét
bi “co s0” sir dung dé ché tao cac may gia cong cat got, tao hinh bé mat phic tap
nhu may gia cong CNC, robot, nhim ning cao do chinh x4c trong gia cong co khi
cdng nghé cao.

2. Muc tiéu caa dé tai

Nghién ctiu thiét ké va ché tao hé théng xac dinh chinh xéc vi tri caa dong co

tuyén tinh trong céac hé théng chuyén dong thang

3. Poi twong, pham vi nghién ciru
- Pbi twgng nghién ciru

DPong co tuyén tinh ddng bo ba pha kich thich vinh ciru va hé théng xac dinh
chinh x&c vi tri ciia dong co tuyén tinh ddng bo ba pha kich thich vinh ciru trong cac

hé thng chuyén dong thang.
-Pham vi nghién ciru

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

4. Céch tiép can va phwong phap nghién ciru

- Céch tiép can



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

- Phuwong phap nghién ctiru

Str dung phwong phap phan tich, tong hop, so sanh va danh gia :Nghién ctru
tai liéu vé thiét ké, ché tao cac dong co tuyén tinh, vé cac phuong phap diéu khién
dong co tuyén tinh; tim hiéu, phan tich, danh gid mot sé hé thong diéu khién vj tri
dong co tuyén tinh di c6 trén thé gii dé thiét ké hé thdng xac dinh vi tri phd hop
V6i diéu Kién trong nudc vé san xuat va ang dung.

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

Ché tao, thtr nghiém thiét b thue di ché tao.



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

1.1. Lich sir phat trién ciia dgng co tuyén tinh

Tu nam 1840, Charles Wheastone dd mo ta dong co dién tuyén tinh (con goi
1a dong co truyén dong thing) & Vién Hoang Gia London, tuy nhién dong co nay
chua dugce trién khai trong thuc té. Nam 1905 Alfred Zehden & Frankfurt-am-Main
d3 mé ta dong co dién tuyén tinh trong truyén dong tau thuy, thang may. Nam 1935
k¥ su ngudi Pic Hermann Kemper di xay dung mé hinh dong co tuyén tinh. Mai
dén nam 1947, Eric Laithwaite, mot k¥ su dién nguoi Anh, da sir dung dong co dién
tuyén tinh trong hé théng truyén dong may dét cong nghiép. Nghién cliu cia
Laithwaite da nhan dugc sy quan tdm cua cac nha khoa hoc. Cong trinh nay dugc
Vién nghién ctru Hoang Gia Anh cong nhan vao nhiing nim 60 cua thé ky XX véi
tén goi: May dién cua tuong lai.

1.2. Céu tao va phan loai dong co tuyén tinh

Pé hiéu rd hon vé dong co tuyén tinh ta c6 thé hinh dung ra mot dong co
quay tron bat ky nao, khi ting ban kinh cua dong co dén vo cling, sé thu duogc hinh
anh rotor va stator song song véi nhau (hinh 1.1). Trong chuyén dong twong ddi khi
chon géc toa o gan vai hé quy chiéu nao ta s& suy ra duoc chuyén dong twong doi
cua thanh phan con lai so véi géc toa d6. V&i quan diém nhu vay dong co tuyén
tinh s& gom hai thanh phan: Thanh phan thi nhat nhan dong niang luong dién di toi
(phan so cip), thanh phan tht hai 13 dong ning luong dua ra dudi dang co ning
(phia thtr cap). Tir quan diém trén ta co thé thay véi dong co tuyén tinh phan tao
chuyén dong thang co thé 1a phan stator hay phan rotor ciia may dién quay truyén

thdng, tir d6 tao ra nhitng dong co tuyén tinh twong @ng.
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Hinh 7.1. Nguyén 1y chuyén d6i tir dong co quay sang dong co tuyén tinh
Tir nguyén 1y co ban trén, dong co tuyén tinh dwgc phét trién véi ciu tao

khac nhau tuong rng dya vao muc dich str dung.

Ban ddu dong co tuyén tinh cha yéu duoc sir dung cho hé thdng giao thdng
van tai. Hién nay dong co tuyén tinh duoc st dung dé thay thé mot hé théng su
dung dong co quay va cac thiét bi co khi dé tao ra mot chuyén dong tuyén tinh

(thang) truc tiép.

Theo céu tric hinh hoc, dong co tuyén tinh duoc chia thanh 2 loai chinh:

dang phang va dang 6ng.

Theo ngudn kich thich, dong co tuyén tinh co thé chia thanh 4 loai chinh:
Pong co mdt chiéu tuyén tinh, dong co dong bo tuyén tinh, dong co khong dong bo

tuyén tinh, dong co budc tuyén tinh.

Dong co tuyén tinh

Kich thich | { Hinh hoc
¥ L l v v l
Bong co Dong Ding co Ping co Dong co Dong co
mot chieu co dong khong budc tuyeén tuyeén
tuyen tinh bo dong bo tuyen tinh tinh
tuyen tuyen tinh phing dang ong
tinh tinh
|
v

Hinh 1.8. Phan loai dong co tuyén tinh



Ngoai ra, thuc té cho thiy tuy theo nhitng Gmg dung cu thé ma dong co tuyén

tinh con dugc phan loai nhu sau:

- Bong co co stator dang rang luoc.

Dong co Stator dang rang luoc

Hinh 1.9. Pong co tuyén tinh ¢ stator dang rang lugc
- Pong co co stator dang dai: Chiéu dai caa phan cung cap thuong 16n hon
nhiéu lan phan kich thich (cam tng), da sé trong cac truong hop thi phan kich thich
chinh 1a phan chuyén dong.

Back iron
H Vo,
Secondary shest
/Y
d d

res phass primary
winding

Primary core

Hinh 1.10. Pong co tuyén tinh co stator dai
- Pong co ¢co stator dang ngan: Chiéu dai ciia phan cung cap ngin hon (hoic
bang) phan kich thich (cam tng), da sb trong cac truong hop thi phan cung cap
chinh 1a phan chuyén dong.

*— Primary core

Thres phase primary winding Secondary sheet Back irom

Hinh 1.11. Pong co tuyén tinh co stator ngin

Dua vao so truc di chuyén, dong co tuyén tinh c6 hai loai:



- Loai 1 truc.

Hinh 1.12. Pong co tuyén tinh 1 tryc
- Loai 2 truc.

Hinh 1.7. Pong co tuyén tinh 2 truc

Trong sb cac dong co tuyén tinh & trén, theo tai lidu [32], luc day cua loai
dong co tuyén tinh dong bd ba pha kich thich vinh ciru 13 16n nhat, mat khéc, trong
cac loai dong co tuyén tinh d¢ong bo kich thich vinh ciru : dang phang don, dang
phang c6 két cdu riang lugc va dang 6ng thi dang phiang don dé ché tao hon, gia
thanh ré hon, do d6 dé tai s& chon dbi twong 1a dong co tuyén tinh dong bo kich

thich vinh ctru dang phang don.

Pé hiéu rd hon vé ciu tao cua dong co tuyén tinh dong bo kich thich vinh
ctru dang phang don, bang 1.1 dua ra so sanh giita cc phan chuyén dong va cb dinh
ciia dong co dong bd ba pha kich thich vinh ctru quay tron va dong co tuyén tinh

ddng bo kich thich vinh ctru dang phang don.



Bang 1.1. So sanh vé cau tao giita dong co dong bo kich thich vinh ciou (PB-
KTVC) va dong co tuyén tinh kiéu déng bo kich thich vinh ciru (PCTT PB-KTVC)

Loai PC
PB-KTVC PCTT PB-KTVC
B¢ phan
7 .| Mach tir va day quan 3
. .| Nam cham vinh ctru cuc an hoac cuc 10i _ , ,
Phan chuyén| , . _ | pha trai phang, chuyén
gan trén 10i thép cé dang khoi tru tron . ,
dong dong tinh tien (chuyén

chuyén dong quay quanh mét tryc. )
dong thang)

Nam cham vinh cuu
L Mach tir cd két cau hinh vanh try tron, | gdm nhiéu cuc tir dat
Phan co dinh ) . . s ]
trong c6 xé ranh dat day quan 3 pha. lién tiep nhau, cuc tinh

ludn phién nhau.

1.3. Nguyén ly 1am viéc ciia ddng co tuyén tinh dong b ba pha kich thich vinh

ciru dang phang don.

Nguyén ly lam viéc twong ty nhu dong co 3 pha kich thich vinh ctru quay tron
thong thuong, nhung stator va rotor duoc trai phang va thay cho momen Ia lyc dién

tir ddy dong chuyén dong thang .

Pé hiéu rd hon vé nguyén ly 1am viéc caa dong co tuyén tinh ba pha dong bo
kich thich vinh ctru dang phiang don, bang 1.2 dua ra so sanh vé nguyén ly lam viéc
ctia dong co dong bo ba pha kich thich vinh ciu quay tron va dong co tuyén tinh
ddng bo kich thich vinh ciru dang phiang don.



Bang 1.2 So sanh vé nguyén ly lam viéc cua dong co déng bo ba pha kich thich

vinh ctru quay tron va dong co tuyén tinh dong bo kich thich vinh ctru dang phang

don.
Loai BC
PB-KTVC PCTT bB-KTVC
Tiéu chi
So sanh
T trwong ba pha
Dang tur tur . . ”
] Tur truong ba pha quay tron chuyén dong tinh tién
trong may

(chuyén dong thang)

] | M6 men do tuong tac gilra tur truong
Tac nhan gay . ] X
, quay tron stator vai tir trrong nam cham
chuyén dong )
vinh ctr phia rotor.

Luc day phan dong do
tuong tac gitta tu
truong ba pha chuyén
dong tinh tién (chuyén
dong thang) voi ti
truong nam cham vinh

ctru phia stator.

1.4. Nguyén tic chung diéu khién chung ddngco tuyén tinh ba pha kich thich

vinh ciu

Ciing nhu nhirng phuong phap di duoc thuc hién déi véi dong co quay, lic

nay phuong phap diéu khién cho BCTT van dua trén hai huéng chinh dya vao

nguyén 1y diéu khién vector va nguyén 1y diéu khién vo huéng.
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1.4.1. Nguyén ly diéu khién vé huéng

Tai liéu [29] da chi ra cac phuong phap dai dién cho hudng nghién ctiru st dung
nguyén 1y diéu khién v6 hudng: U/f khong dbi (véi muc dich duy tri tir thong khe
hd khong ddi gidp tao ra kha ning sinh mémen mong muén), diéu khién d6 truot,. ..
Tuy nhién viéc tao ra tir thdng khe ho khong doi s& gap kho khan khi phu tai thay
d6i Vi sut 4p trén Stator phu thudc vao dong chay qua n6 [29] va diéu nay dugc
khic phuc bang cach diéu khién U/ f sao cho tir théng khe ho 13 ham caa mdmen
tai. Cac phuong phap dua trén nguyén ly diéu kién vo huéng c6 wu diém dé thuc
hién nhung chiing déu gap kho khan trong viéc nang cao chat luong cua hé truyén

dong (dac biét ¢ ving tée do thap).
1.4.2. Nguyén ly diéu khién vector

Nguyén ly diéu khién vector da duoc trinh bay trong hé thong tai liéu
[7,8,9,10]. Bi véi DCTT, viéc van dung nguyén ly nay can dya trén mot hé thong
cac vector mo ta mot cach twong minh cac dai lwong vat 1y (dong dién, dién ap, tu

thong,...) duoc trinh bay tai li¢u [2].

Céac phuong phap diéu khién dya trén nguyén tic diéu khién vector c6 wu
diém 1a nang cao dugc chat lwong cua hé truyén dong so véi phuong phap diéu
khién vo himg, do d6 dé tai chon phuong phap diéu khién vector dé thuc hién, trong
do6, dé tai sir dung phuwong phap diéu khién phi tuyén backstepping dé thiét ké cho
bo diéu khién dong dién va st dung b diéu khién PID mo cho mach vong diéu

khién vi tri.
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CHUONG 2. XAY DUNG PHAN CUNG

2.1. So' @b khoi hé thong

MACH BO DONG

DSP PEM BIEN co

TMS320 ‘ BIEU -I le] ‘ TUYEN
SUAT

SENSOR
DONG,
AP, VAN
TOC & VI
TRI

Hinh 2.1. So do khéi hé théng

2.2. Phan cing mach déng luc

(Chinh Lru) (DC Link) ‘ [ \?} ‘

{4
A4 T Ad
|
< ——————————— —
ah Do v Trna g gom |
Hardware DK Nghich liru
hia dénz c

Hinh 2.2. So d6 ciu tric phan citng mach luc cho dong co tuyén tinh ddng bo ba
pha kich thich vinh ctiu
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2.2.1. Lya chon thiét bi chuyén mach

Pé lya chon cho thiét bi chuyén mach cong suat, trong dé tai chon transistor
IGBT, ly do IGBT ¢6 nhitng wu diém ndi troi nhu cho phép dong cat dé dang, chic
nang diéu khién nhanh, chiu &p 16n, thuong 600V t6i 1.5kV, tai dong Ion, c& xap xi
1KA. Syt 4p bé va diéu khién d& dang bing &p. Nhirng wu diém nay phi hop véi yéu
cau cua hé théng diéu khién vj tri sir dung dong co tuyén tinh loai dong b ciing nhu

khong dong bo ba pha.
2.2.2. Lwa chon loai IGBT

Can ctr vao sé lugng IGBT va mach diéu khién cac van IGBT hién c6 trén
thi truong, cac bo chuyén mach IGBT ¢ trén thi trudng dugc phan thanh ba loai

Sau:

- IGBT don.
- IGBT module.
- IGBT Integrated Motor Solution.

Hai loai sau gom nhiéu IGBT don duogc tich hop trong mét vi mach. S6
luong IGBT don duoc tich hop trong vi mach phu thudc vao nha ché tao. Piém
khac gitra IGBT module va IGBT Integrated Motor Solution la ¢ IGBT module
khdng c6 mach driver cho IGBT, con ¢ IGBT Integrated Motor Solution c6 mach
Driver cho cac IGBT. Mét diém khéc nira 1a IGBT module duoc ché tao vai cong
suit 16n , con IGBT Integrated Motor Solution duoc ché tao véi cdng suat trung
binh.

Cac bo nghich luu truyén théng gom sau IGBT don va c6 mach driver cho
cac IGBT. Viéc thiét ké mot bo nghich luu sir dung sau IGBT don mét nhiéu thoi
gian va gia thanh cao, hon nira lai 1am viéc khdng tin cay. Vi vay trong dé tai nay,
loai nghich luu IGBT Integrated Motor Solution dugc su dung. IGBT Integrated
Motor Solution ¢6 sau IGBT don, sau diode mac song song va duoc tich hop voi

mach driver. Dy 1a loai phu hop véi nghich luu ngudn &p.

Vi loai nghich luu IGBT Integrated Motor Solution, hién nay ta co thé lya chon

cac modul cong suét théng thuong (Conventional Intelligent Power Modules).
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Hinh 2.3. So do khéi IPM thong thuong

Hinh 2.3 chi ra so dd khdi ciu tao cua Conventional IPM. Theo do,
Conventional IPM duoc tich hop cac van cong suat véi cac mach tich hop chuyén
dung phia thap ap (LV ASIC - Low voltage Application Specific Integrated Circuit)
dé kich m& van va cung cap mot sé chirc ning bao vé di dugc sir dung rong rai
trong hé truyén dong xoay chiéu. Modul loai ndy c6 mét vai wu diém nhu : Giam
thoi gian thiét ké, nang cao d6 tin cay; giam ton hao cdng suat bang viéc téi wu hoa
ddng thoi cac van cdng suat va chirc ning bao vé trén cing mot modul; cai thién
kha ning ché tao do giam sb luong cac linh kién phu trg. Tuy nhién Conventional
IPM van con c6 han ché nhét dinh. Theo d6, dé c6 thé ghép ndi gitta uC / DSP (Vi

diéu khién/vi xur ly tin hiéu s) va Convention IPM can c6 tang két ni trung gian
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(hinh 2.3) bao gém c4c mach cach ly quang dam bao cach ly uC/DSP  véi phia
cao 4p (cac van trén). Pidu nay dan t6i sé luong ngudn diéu khién st dung dé kich
mé van ting 1én. DI véi cac hé truyén dong cong suat nho, han ché néu trén s& 1am
gia ting thém chi phi va kich thudc cua thiét bi. Viéc modul cong suat théng minh
chuyén dung ASIPM (Application Specific IPM) ra doi di khic phuc duoc mat han

ché cua Convention IPM.

HV ASIC j———=-=-= |
T T 2 |VAN CONG SUAT I

| — L I

1 | Dich mic Piéu khiénva | 11 I

I bao vé cuc I [

| cira ' I

I |

nC, | oo o e o __ ?PI l
DSP ; :
LV ASIC I |

" -II [

| I : .

1| sy didu B :

: - phadi tin .| Piéu khién —:|—>‘ I

1| hiéu dau cuc cira /! I

1 | vao Y I

| A I :

| I Cam bién :

| A4 - - I I dong dién, I

| Bao v¢, bao 16i va phan hoi | I cam bién |

< dong L[ nhigtas ||

: ! |

—— e == — = — — L=————== J

Hinh 2.4. So @6 khbi ASIPM

Hinh 2.4 chi ra so d6 khéi ciu tao caa ASIPM. Bing viéc tich hop thém
cdng nghé HVIC (High Voltage Integrated Circuit) c6 chic ning dich mirc va diéu
khién kich m& van, ASIPM cho phép két néi truc tiép 6 tin hiéu PWM tir uC/DSP

t6i dau vao caa né ma khong can cach ly quang, chi can mot ngudn diéu khién duy
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nhat dé kich mé van. Ngoai ra, mot sé ASIPM con tich hop sin ca cam bién do
dong bén trong gilp cho viéc thiét ké khau do luong trod nén thuan tién hon. Xuat
phét tir cac phan tich trén, modul cong suat thdng minh chuyén dung duoc lya chon
dé thiét ké mach dong luc cho hé thong.

Hién nay c6 cac hang san xuat ASIPM sau: Fairchild, International Rectifier,
ST Semicondoctor. Sau khi phan tich cac dic tinh ky thuat, tinh phd dung va gia ca,
dé tai chon modul cong suét théng minh chuyén dung ASIPM loai FSBB30CH60C
cua hang Fairchild
2.2.3. Thuc hién bd nghich lwru nguon &p ba nhanh sir dung modul céng suat
thong minh chuyén dung ASIPM loai FSBB30CHG60C.

2.2.3.1. C4c dic tinh k¥ thuat cia FSBB30CH60C

- La b nghich luu str dung 6 IGBT ba pha ba nhanh, dién ap dinh mic 600V, dong

dinh muc la 20A tich hop v6i mach driver va mach bao Vé.
- Giam nhiéu, hiéu suit cao, nho, nhe, do chinh xac trong diéu khién dugc nang cao.

- Tich hop chitc ning bao vé giam thap dién ap, bao vé qua nhiét, bao vé ngan

mach.

- Cho phép két néi truc tiép 6 tin higu PWM tir pC/DSP t6i dau vao caa nd ma

khong can céach ly quang va cac mach phu khéc.

2.2.3.2. Cac chan vao va ra cua FSBB30CH60C
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Hinh 2.5. So d6 chan cua FSBB30CH60C

Chure nang cua cac chén vao ra cia FSBB30CH60C duoc mé ta ¢ bang 2.1.

Bang 2.1. Chic nang cua cac chén vao ra cia FSBB30CH60C

Sochan | Tén chan M6 ta chirc ning

1 VCC(L) Chan ndi véi nguon duong chung

2 COM Chan noi dat chung

3 INwL Dau vao tin hiéu cho pha U phia thap

4 INwL) Dau vao tin hiéu cho pha V phia thap

5 INwL) Dau vao tin hiéu cho pha W phia thap

6 Vro Chan ra bao 16i

7 Crop Chan ndi tu dé tao thoi gian bao 16i

8 Csc Tu loc théng thap cho dau vao bao vé ngan mach
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9 IN(UH) Dau vao tin hiéu cho pha U phia cao

10 Veew Chan ndi véi dién &p nguon chung phia cao

11 Ve Chan dién 4p phia cao diéu khién IGBT pha U

12 Vs Chén néi dat phia cao diéu khién IGBT pha U

13 INwH) Dau vao tin hi¢u cho pha V phia cao

14 Veew) Chan ndi véi dién ap nguon chung phia cao

15 Ve Chén dién ap phia cao diéu khién IGBT pha V

16 Vs Chan ndi dat phia cao diéu khién IGBT pha V

17 INwh) Dau vao tin hi¢u cho pha V phia cao

18 Veew) Chan ndi véi dién ap nguon chung phia cao

19 Vew) Chén dién 4p phia cao diéu khién IGBT pha W

20 Vsw) Chan noi dat phia cao dieu khien IGBT pha W

21 Ny Chan ndi tu két ndi véi &m nguon mot chiéu cho
pha U

22 Ny Chan ndi tu két noi voi &m nguon mot chiéu cho
pha V

23 Ny Chan ndi tu két noi voi &m ngudn mot chiéu cho
pha W

24 U Pau ra pha U

25 Vv Pau ra pha V

26 w Pau ra pha W

27 P Chan ndi véi duong ngudn mot chiéu dau vao cho

b6 nghich luu
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2.2.3.3. So' @6 mach bén trong ciia FSBB30CH60C
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Hinh 2.6. So d6 mach bén trong cia FSBB30CH60C

2.2.3.4. So @6 ghép ndi véi CPU (DSP hay vi xir ly)
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Hinh 2.7. So b ghép néi FSBB30CHG0C v&i CPU (DSP hay Vi xir 1Y)

2.2.4. Lwa chon thiét bi cho bd chinh luu
Dé lya chon thiét bi cho bd chinh luu, dé tai chon loai bo chinh luu cau tich hop 4
Diod trong mét IC chinh luu cau tich hop. yéu cau vé thong so:

- Pién &p vao l1a nguon xoay chiéu mot pha, ¢6 tri hiéu dung U=220V, tan s6

50Hz, cong suat 0.25 kW.

22

- Pién 4p mot chiéu dau ra: U, ==~=U =0,9U =0,9.220 =198V
T

_Dong dién tai diu ra: 1, =Ui=%=l,26 A
do

- Bién ap nguoc cuc dai dat 1én Diode chinh luu:

U pgmax = V2U =+/2.220 =311V
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Can ctr vao thong sé cua cac bo chinh luu cau mot pha tich hop hién cé trén thi
truong cua cac hang SHANGHAI SUNRISE ELECTRONICS CO., LTD, dé tai

chon bo chinh luu ciu mét pha tich hop c6 thdng sé sau:

- Loai bo chinh luu cau mét pha tich hop: KBPC 2504

- Bién ap nguoc cuc dai cho phép dat 1én Diode chinh luu: 400 V.

- Tri hiéu dung dién &p vao cuc dai cho phép: 280 V.

- bién 4p mot chiéu cuc dai cho phép & dau ra: 400 V.

- Dong dién trung binh cuc dai sau bo chinh luu: 25 A ¢ nhiét do 55°C.

- Dong dién xung cuc dai cho phép trong khoang thoi gian 8,3ms: 300 A.

- Pién ap roi cuc dai trén bo chinh luu cau mot pha tich hop ¢ tai 12,5 ADC: 1,1 V.
- Dong dién nguoc mot chiéu cuc dai & nhiét d6 35°C : 10 pA

- Dong dién ngugc mot chiéu cyc dai & nhiét do 100°C : 500 pA.

- Nhiét d6 1am viéc cho phép: -55°C dén 150°C.

Hinh 2.8. IC chinh luu cau mét pha tich hop: KBPC 2504
2.3. Phan cirng mach diéu khién
2.3.1. Gigi thiéu DSP TMS320F2812
Thong s ky thuat:
+ Tan s6 xung nhip 150MHz( chu ki 1énh 6,67ns)

+ Dbién ap lap trinh 3,3V
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+ H0 tro chuan JTAG

+ Don vi xir li trung tdm CPU 32 bit

+ Quan li theo dia chi tuyén tinh 4M nhé chuong trinh.

+ Quan 1i theo dia chi tuyén tinh 4M nh¢ dit liéu.

+ C0 128Kx16 Flash( 4 mang 8Kx16 va sau mang 6Kx16)
+ 1Kx16 loai OTP ROM.

+ Boot ROM(4Kx16)

+ 16 kénh ADC 12-Bit.

Xuat xi: My

TOP2812

Hml LR ET H

WM. 0OIC. COM

| QNDZ'Q»H efofele

Hinh 2.9. DSP TMS320F2812
2.3.1.1. Phan ctrng caa vi xir ly F2812

- So do chan cua F2312
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Hinh 2.10. So d

O>

176 chan cua vi xtr ly TMS320F2812

2.3.1.2. So' @b chirc niing ciia vi xir Iy TMS320F2812
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Real-Time JTAG

Memory Bus
TINTO
CPU-Timer0 K]
CPU-Timer1 K=
F CPU-Timer2 K™
L »{ INT14
q PIE -
A)
o >
»{ INT13
XINTE' External Interrupt
g Control > NMI
(XINT1/2/13, XNMI)
XNMI > <:>
G |-« »1 scia/sciB | FIFo K
P
L] > SPI FIFO K>
{_GPIOPins )| O
i < McBSP FIFO K2
M
C28x CPU
x [ > eCAN - g
< B
5 " EVA/EVB -
16 Channels 12-Bit ADC K
XRS _
> System Control » RS
X1/XCLKIN
> (Oscillator and PLL »— CLKIN
X2 + PR
< Peripheral Clocking \——
XF_XPLLDIS s
= Low-Power Modes
& Memory Bus

Watchdog)

{

]

External
Interface

XINTF)®

M0 SARAM
1K x 16

M1 SARAM
1K x 16

L0 SARAM
4K x 16

§8 040

L1 SARAM
4K x 16

$

Flash
128K x 16 (F2812)
128K x 16 (F2811)
64K x 16 (F2810)

§

ROM
128K x 16 (C2812)
128K x 16 (C2811)
64K x 16 (C2810)

— otp®
1K x 16

<:> HO SARAM
8K x 16

C> Boot ROM
4K x 16

Peripheral Bus

Control

Address (19

Hinh 2.11. So d6 cau trdc cua vi xir Iy TMS320F2812

Dic diém cac khdi trong so d6 cau triic cia TMS320F2812 nhu sau

* Pon vi xtr li trung tdm (Central Processing Unit: CPU) cia TMS320C24x.

Dong vi xu li tin hiéu C28x la thanh vién méi cia ho TMS320C2000 ma

ngudn C28x hoan toan tuwong thich véi cac chip loai 24x/240x, tao diéu kién cho

ngudi st dung 240x c6 thé st dung céac loai mang ma quan trong cta ho. Thém vao

do, dong C28x c6 kha nang st dung hitu hiéu C/C++, cho phép nguoi sir dung
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khong chi cai dit phan mém diéu khién phic hop bing ngén ngit bac cao, con cé
thé phét trién c4c thuat toan hoc. Dong C28x thuc hién cd hiéu qua cac phép tinh
cling nhu cac bai toan diéu khién thoi gian thue thuong thiy trong cac hé thong thiét
bi diéu khién ty dong. Kha ning cao d6 da cho phép loai bo yéu cau sir dung thém
vi xtt If thtr hai, thuong thy trong nhiéu hé théng. phép nhan MAC 32x32 bit MAC
ciia C28x va cac kha ning xir li 64 bit da cho phép C28x xu Ii hiru hiéu céc van dé
tinh sé bac cao, ma trong nhiéu trudng hop doi hoi phai dung téi giai phéap vi xa li
dau phay dong dat tién. Thém vao do, toc do dap tng ngat nhanh kém theo kha
nang cit gitr ndi dung cac thanh ghi quan trong, da cho phép F2812 xtr i céc su
kién bat thuong véi thoi gian tré bé nhat.

* Hé thdng BUS ghép ndi véi bo nhé (Memory bus, cau tric Harvard)

Ciing nhu nhitng chip DSP khac, hé théng nhiéu bus duoc dung dé trao doi sb
lieu gitta CPU, bo nhé va ngoai vi. Kién tric bo nhd cia C28x chtra nhimg bus doc
chuong trinh, bus doc s6 liéu va ghi s liéu. Bus doc chuong trinh c6 22 lines dia
chi va 32 lines dir li¢u. 32 lines dir liéu cho phép truy cap 32 bit chirc nang trong 1
nhip duy nhat. Kién tric nhiéu bus, con goi 12 Harvard Bus, cho phép C28x lay Iénh,
doc va ghi dir liéu trong vong 1 chu ki may. Tat ca nhiing ngoai vi va bo nhé duoc gan
vao bus bo nhé cd thé dugc phan cip uu tién truy cap bd nhd. Néi chung, wu tién cua
bus bo nhé truy cap cd thé duoc tom tat nhu sau:

- Cao nhat:

+ Ghi dir liéu (ghi dir liéu va chuong trinh khong thé xay ra dong thoi trén
bus bd nhd.)

+ Viét chuong trinh (ghi dit lidu va chuong trinh khong thé xay ra dong thoi

trén bus bo nho.)
+ Doc dir liéu
+ Poc chuong trinh
- Thép nhat:

Nap (Poc chuong trinh va nap chuong trinh khong dong thoi xdy ra trén bus

bd nhd.)
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* Peripheral Bus

Pé cho phép di chuyén thiét bi ngoai vi giita ho Texas Instruments (TI ™)
DSP khac nhau cua thiét bi, F281x va C281x ap dung mot tiéu chuén cho két ndi tin
hi¢u ngoai vi.

Hai phién ban cta bus ngoai vi dugc hd trg trén F281x va C281x. Mot phién
ban chi hd tro truy cap 16-bit (dugc goi 13 thiét bi ngoai vi khung 2) va diéu nay van
giit tinh twong thich véi thiét bi ngoai vi twong thich C240x. Phién ban khac hd tro
ca hai duong dan truy cap 16 va 32 bit (duoc goi la thiét bi ngoai vi khung 1)

* Chuan JTAG thoi gian thuc (Real- timeJTAG) va kha niang phén tich

Ho F281x va C281x dugc tich hop chuan JTAG IEEE 1149.1. Hon nita, ho
F281x va C281x hod tro:

- Mode thoi gian thuc cho céac Iénh thuc hién gitra néi dung cac 6 nhg, cac
ngoai Vi va cac thanh ghi trong khi nhan xur 1y dang chay, van dang thuc hién ma
lénh hay dang phuc vu ngat.

Nho dé, nguoi sir dung cd thé thuc hién céc 1énh don ctia nhiém vu khéng c6
doi hoi khic nghiét vé thoi gian, trong khi van dang lién tuc phuc vu cac ngit co doi
hoi khac nghiét vé thoi gian ma khong hé anh huong 13n nhau. Dong C28x c6 cai
dit sin Model thoi gian thuc trong Hardware ciing véi CPU. Pay 1a dic diém chung
cua dong C28x ma khong can dén phan mém Monitor. Thém vao d6 mot co ché
phan tich dic biét bang Hardware s& cho phép ngudi sir dung dit diém dirng hoic
diém quan sét sb liéu/ dja chi va tao nén cac su kién ngat khac nhau.

Chuan JTAG gom 5 chan:

TID ( Kiém tra dir liéu trong )

TDO (kiém tra dit liéu ngoai)

TCK (kiém tra ddng hd )

TMS ( kiém tra ché do chon)

TRST( kiém tra thiét 1ap tuy chon)
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* Giao dién ngoai (External Interface, XINTF )

Giao tiép bat dong bo bao gom 19 day dia chi, 16 day sé liéu va 3 day chon
chip. Cac day chon chip dugc té chuc lién két véi 5 viing ngoai chip  Zones 0, 1, 2,
6 va 7. Vung 0 va 1 chia nhau str dung chung 1 day chon chip share a single chip-
select, viing 6 va 7 chung nhau st dung 1 day khac. Ting viing trong s 5 ving trén
c6 thé duogc 1ap trinh véi cac sé luong nhip doi (wait states) khac nhau, tin hiéu doi
hoi thoi gian giit cua timg ving déu c6 thé dugc 1ap trinh véi thoi gian doi hoac
khéng. Trang thai doi, day chon chip va tin hi¢u doi 1a kha trinh da lam cho viéc

giao tiép véi bd nhé ngoai va véi ngoai vi tro nén rat linh hoat.
* Flash

Chip F2812 co:

- 126Kx 16 bd nhé Flash nhing trén phién.

- 1Kx16 loai OTP

B¢ nhé Flash duoc to chirc thanh

- 4 mang 8Kx16 va

- 6 mang 16Kx16

- Nguoi st dung co thé xda, 1ap trinh hay kiém tra c4&c mang hoan toan doc
lap. Tuy nhién khong thé dong thai chay mot mang va x6a, ghi mot mang khac. Ki
thuat chong kénh khi(pipelining) khi truy cap bo nhé da lam ting tinh ning cua bo
nhé Flash. Bo nhé Flash/OTP duoc t6 chirc xén & ca hai khong gian nhé chuong

trinh va sé liéu, phuc vu ca hai nhu cau chay chuong trinh hodc cét git so liéu.
*Céac khéi nhg MO, M1 SARAMS.

Moi chip C28x déu c6 hai khéi nhé truy ca don voi kich ¢ 1K x 16 mdi
khi. Con tro ngan xép s& chi vao M1 sau khi reset. Khbi MO triung dia chi véi cac
khéi RAM BO, B1, B2 cua dong 240x, va khi d6 t6 chtc cat dit lidu caa 240x can
phai luu . Hai khdi MO va M1, ciing nhu moi khdi nhé khac cua dong C28x, déu
duogc to chie & hai khong gin nhé chuong trinh va sé liéu. Vi vay, nguoi st dung co

thé ding MO hoiac M1 vao hai muc dich: Chay ma chuong trinh hay xtr Ii s6 liéu.
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Viéc phan ving st dung s& dugc quyét dinh khi ghép cac Module software. Dong
C28x ¢6 to chirc bo nhé thong nhat trong toan bo dong. Pidu nay s& lam don gian
hon cong tac 1ap trinh bac cao.

*Cac khdi nhé LO, L1, HO SARAMS.

Chip F2812 con ¢6 thém 16Kx 16 RAM loai truy cap don, chia thanh 3 khéi
(4K+ 4K + 8K). Mdi khdi c6 thé duoc truy cap doc lap va do d6 1am giam nguy co
mau thuan khi chong kénh. Mdi khéi déu duogc to chirc & ca hai khdng gian nho
chuong trinh va sé liéu.

*Boot ROM.

B6 nhé Boot Rom di duoc nap sin chuong trinh boot tir trugc khi xuat
xuong. C4c tin hiéu chon ché do boot cho phép khai bao véi phan mém goi chuong
trinh boot ché do boot can chon khi khoi dong hé théng. Nguoi sir dung co thé lra
chon:

- Ché d6 boot théng thuong.

- Hay ché do nap

- Hoic chon chuong trinh boot cét tai bd nhé Flash trén phién.

Bo nhd Boot Rom con ¢6 cac bang duoc chuan bi sin nhu dang song sin, cos
phuc vu cho cac ung dung tinh toan.

* Bao mat( Security)

F281x va C281x hd tro cac muc do cao vé bao vé. Chirc ning bao vé cho
phép st dung:

- Mot tir khoa 128 bit, ma hoa cing vai 16 nhip cho.

Nguoi sir dung tu nap tir khoa nay vao Flash. Mot Module mé bao mat (code
security module, CSM) duoc dung dé bao vé céc khdi Flash/OTP va LO/L1
SARAM. Kha ning bao mat cho phép hong chéng doc trom hoic nodi dung bo nhé
qua cong JTAG, hodc ma chuong trinh tir c4c b nhd ngoai, hodc tim cach boot nap

phan mém la voi kha ning xuét ra ngoai noi dung cac khdi nhé di dugc khoéa ma
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bao mat. Dé truy cap cac khdi nhé do, nguoi sir dung phai nhip dung gia tri khoa

128 bit, trung dung voi gié tri cat trong Flash.
* Khbi mé rong ngét ngoai vi ( Peripheral Interupt Exansion, PIE)

Khéi PIE phuc vu xen kénh nhiéu ngud ngat khac nhau va qui ching vé
thanh mot tap nho cac dau ngat. Khéi PIE cd thé hd tro 96 ngat ngoai vi. Trén chip
F2812

- Ngoai vi sir dung tat ca 45 trong téng s6 96 ngat.

- 96 ngat dugc phan thanh cac nhém, mdi nhém 1a 8 ngat va duoc gan cho 1
trong s6 12 day ngat cia CPU (INT1 t&i INT12).

- M&i ngat déu co vector ngat riéng cat trong RAM ma ngudi st dung c6 thé

ghi, x0a.

Khi phuc vu ngat CPU sé& ty dong doc vector ngit. Thao tac doc d6 can 9
nhip xung dong hd cia CPU va s& cat noi dung cua cac thanh ghi quan trong. Nho
vay, CPU c6 thé phan ng nhanh véi cac su kién ngat. Viéc phan cip wu tién cua
ngit s& do Hardware va software diéu khién. Ting ngat riéng ré co thé bi cim, hay

cho phép trong khéi PIE.
* C4c ngat ngoai ( External Interrupts, XINTZ1, 2, 13, XNMI )

Chip F2812 hd tro 3 ngat ngoai 1a loai c6 thé che chin ( masked) duoc
(XINT1, 2, 13). XINT 13 duoc lién két véi mot ngat ngoai khong che duoc (XNMI)
. Tin hiéu lién két c6 tén 1a XNMI_ XINT13. Mdi ngét déu cd thé duoc chon boi suon
am hosc suon duong cia tin hiéu ngat va nhu vay ciing c6 thé cam hoac cho phép kich
hoat ( ké ca XNMI). Moi ngit loai che chin duoc déu c6 mot bo dém tién 16 bit, c6 noi
dung bi dwra vé khong khi hat hién suon ngat hop thic. Bd dém do6 c6 thé duoc st dung

dé do chinh xac thoi gian phuc vu ngjt.
*Mach dao dong( Oscillator) va PLL.

F2812 duogc diéu khién boi xung nhip do mach dao déng ngoai hay mach dao
dong trong ( bang thach anh gan vao chip) cung cip. Mot mach khoéa pha PLL c6

san hd tro ti 10 hé s6 chia tan dau vao khac nhau. Céac hé sb PLL c6 thé thay doi
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dong bang software, cho phép ngudi sir dung co thé thay d6i tan sé dong hd ngay
khi dang van hanh, mot tinh nang quan trong khi xuat hién doi héi giam cong suat

t6n hao khi dang chay. Khéi PLL c6 thé dugc chuyén sang ché d6 nghi.
* Co ché (watchdog)

F281x c6 mdt dong hd watchdog. Phan mém tng dung s& phai reset bo dém
watchdog trong mot khung thoi gian da dinh, néu khong co ché watchdog s& tur

reset vi xtr 1. C6 thé cAm co ché watchdog khi can thiét.
* Xung dong ho cho ngoai vi ( Peripheral Clocking)

Nguoi lap trinh ¢6 thé cho phép hodc cAm cip xung dong hd riéng ré& cho timg
ngoai Vi, nhdm muc dich tiét kiém nang luong khi ngoai vi d6 khong hoat dong.
Thém vao d6, tan sb xung déng hd hé théng dua téi cac cong tuan tu trir eCan va
cac bo xur 1i su kién, t&i cac khdi CAP va QEP c6 thé duogc giam so vOi xung déng
hd ctia CPU. Kha ning nay cho phép cach li nhip ctia ngoai vi voi nhip dong hé cia

CPU khi tan s rat cao.
* Céc ché d6 tiét kiém niang luong( Low- Power modes).

Chip F2812 thudc loai chip thuan tiy “static CMOS” c6 tat ca ba ché do tiét

kiém nang luong:

- IDLE: Pua CPU vé ché d¢ tiét kiém ning luong. C6 thé ngimg xung dong
hé ctia ngoai vi, chi giit lai ddng ho ciia nhiing ngoai vi ¢6 nhu cau hoat dong & ché
do IDLE. Mot tin hiéu ngét cua ngoai vi dang hoat dong s€ danh thuc dua vi xur li ra

khoi trang thai IDLE.

- STANDBY: Ngimng xung dong hd ctia CPU va ngoai vi. Ché do nay ngimng
cd bo dao dong va chtrc nang PLL. Mot sy kién ngét ngoai s€ danh thuc vi xur 1i va
ngoai vi. Trang thai hoat dong s& quay tro lai & nhip tiép ngay sau khi phét hién
duoc su kién ngét.

- HALT: Ngung bd dao dong. Ché d6 nay nging hoat dong toan chip vé trang
thai tiéu thu it nang luong. Chi tin hi¢u reset hodc XNMI co thé danh thirc chip ra
khoi ché do nay.
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* Peripheral Frames 0, 1, 2 (PFn)

F281x va C281x chia thiét bi ngoai vi thanh 3 mang. Cac ngoai vi dugc to

chirc nhu sau:
- PFO: + XINTF Thanh ghi lap cau hinh giao dién ngoai.
+ PIE Thanh ghi cho phép kiém tr ngat PIE va bang vecto PIE
+ Flash Thanh gh diéu khién Flash, 1ap trinh, x6a, kiém tra
+ Timers Thanh gh dong hé CPU 0,1,2.
+ CSM thanh gh KeY bdo mat
- PF1: + Ecan Thanh ghi hop thoai va kiém tra eCan
- PF2: + SYS Thanh ghi kiém tra hé théng
+ GPIO thanh ghi lap cau hinh xen kénh va kiém tra vao/ raGPIO
+ EV thanh ghi diéu khién cua bo xu Ii sy kién (EVA/ EVB)
+ McBSP thanh gh diéu khién McBSP va TX/ RX
+ SCI Thanh ghi diéu khién giao dién tuan ty truyén théng (SCI) va RX/ TX
+SPI thanh ghi diéu khién giao dién tuan tu ctiia ngoai vi (SP1) va RX/TX
+ ADC thanhn ghi diéu khién bo ADC 12 bit
* Bg xen kénh vao/ ra da nang (General-Purpose Input/Output GPIO Multiplexer)

Hau hét cac tin hiéu ngoai vi déu duoc xen kénh vai tin hiéu /O da ning.
Diéu nay cho phép nguoi sir dung ding mot chan (pin) dudi dang vao/ ra da ning
khi tin hiéu hay chic ning ngoai vi khong duoc dung dén. Sau reset, moi chan
GPIO déu dugc dit ¢ dang dau vao.
*Cac ddng ho 32 bit cua CPU — timer (0, 1, 2)

Céac dong hé CPU 0,1 va 2 1a 3 déng ho 32 bit gidng hét nhau véi chu ki kha
trinh va kha ning chon chia tin s6 dong hd téi 16 bit. Mdi dong hd c6 mdt thanh ghi
dém 1ui 32bit, phat tin hiéu ngit khi bd dém vé toi khong. B6 dém 1ui hoat dong véi
tan s déng hd cua CPU chia cho hé thong di dat ra. Khi bo dém vé toi khong, né
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s€ tu dong dugc nap madi gia tri chu ki 32 bit. Déng hd CPU 2 dugc du trit danh cho
cac tmg dung OS (RTOS)/BIOS thdi gian thyc. Pong hd CPU 1 danh cho cac chirc
ning hé théng TI. Bong hd CPU2 duge ndi véi INT14 cia CPU. Pong hdé CPU 1 ¢
thé duoc ndi voi INT13 ciia CPU. Pong hé CU 0 duoc dung dé sir dung tiiy nhu ciu

va dugc néi véi khdi PIE.
* Ngoai vi diéu khién dong co (Motor Control Peripherals)

Chip F2812 hd tro cac ngoai vi sau day, dap ¢ng nhu cau thuc hién cac bo

diéu khién nhang va truyén thong.

- EV: Module quan Ii sy kién bao gém céc thanh ghi da ning, cac bd so sanh
[PWM (full- compare/PWM), cac dau vao do(Capture inputs,CAP) va cac mach thu
nhap xung cta encoder. Hai bd quan Ii su kién d6 cho phép diéu khién dong thoi 2
dong co xoay chiéu ba pha hoic 4 dong co 2 pha. Céac bo quan |i sy kién cua F2812

tuong thich v&i c&c bo cung chirc nang cua dong 240x devices.

- ADC: Khéi ADC 1a mét bo bién d6i 12 bit, 16 kénh. B ADC c¢6 hai don vi

trich mau / gitr cham cho phép trich mau maét céach lién tyc.
* Ngoai vi cong tuan ty ( Serial Port Peripherals)
- Chip F2812 hd trg cac ngoai vi 6 truyén thong tuan tu sau day:

- eCAN: DPay la phién ban nang cao cua ngoai vi CAN. Phién ban nay ho tro
32 hop thoai, gitr ban tin, va tuong thich véi CAN 2.0B.

- McBSP: Payla cong tuan tu c6 dém da kénh, duoc st dung dé ndi voi cac
day E1/T1, ma hoa véi chat luong phone dé ding trong cac tng dung modem hoac
thiét bi Audio DAC loai stereo c6 chat luong cao. Cac thanh ghi thu va phat cua
MCcBSP hd trg FIFO 16 mtrc. Diéu nay dx giam dang ké su tring lap khi phuc vu

ngoai vi loai nay.

- SPI: La mot céng I/O tuan ty tdc dd cao, cho phép dich chuyén mot chudi
bit tuan tu v&i chiéu dai kha trinh tir 1 dén 16 bit vao hay ra khoi chip chi trong 1
lan gui bit do ta 1ap trinh. Thong thudng, SPI dugc st dung dé truyén thong gitra
chip DSP controller va ngoai vi ngoai, hodac mét vi xur li khac. Cac ung dung dac

trung bao gém I/O ngoai hodc mo rdng ngoai vi béng cac thanh ghi dich, cac bo
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dém hién thi va cac bd ADCs. Viéc truyén thong gitra nhiéu don vi cling duoc hd
tro nhd ché do hoat dong master / slave.

- SCI:Giao dién truyén thong tuan tr nay 13 mot cong tuan ty khong dong bo
hai ddy, thudong duogc goi 1a UART. Trén chip F2812 cong nay hd trg FIFO thu phat

16 mtrc.

2.3.1.3. Khéi ngudén mach diéu khién
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Hinh 2.12. Khdi ngudn mach diéu khién

2.3.1.4. Mach Reset
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Hinh 2.13. Mach Reset
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2.3.1.5. Mach tao dao djng

= &
- 8
Ao 2 =B
% 7 O Ko
HEES 2§ o

< ¥ ¢ O
] 1 b % & R e
— ~ _|—|

2 Bl 2

| % % DSPCLE_OUT
1l B8 Akileel R

“10130M

Hinh 2.14. Mach tao dao dong

2.3.1.6. Mach ghép ndi by nhé by nhé RAM IS61LYV 25616AL, 256Kx16 bit
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Hinh 2.15. Mach ghép néi bo nhé bd nhé RAM IS61LV 25616AL, 256Kx16 bit

2.3.1.7. Mach ghép ndi by nhé by nhé FLASH SST39VF800, 512Kx16bit
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Hinh 2.16. Mach ghép ni b nhé bd nhé FLASH SST39VF800, 512Kx16bit

2.3.1.8. Mach DSP JTAG
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Hinh 2.17. Mach DSP JTAG
2.3.1.9. So' @6 chan ciia DSP trén Board diéu khién
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Hinh 2.19. So dd mach Ghép néi TMS320 F2812 véi module cong suat thdng minh
FSBB30CH60C
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2.3.3. Mt s6 hinh anh vé phan cieng
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Hinh 2.20. Board mach luc hé théng
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Hinh 2.21. Board mach giao tiép diéu khién hé thong
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Hinh 2.22. Hé thdng xé&c dinh chinh x&c vi tri cia dong co tuyén tinh trong céc hé
thdng chuyén dong thang
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Hinh 2.23. Két ndi hé théng véi PLC va may tinh PC
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CHUONG 3. THIET KE PHAN MEM

3.1. Thiét ké bé diéu khién dong dién cho déng co tuyén tinh ba pha kiéu dong
b

3.1.1. M6 hinh toan hoc déng co tuyén tinh ba pha kich thich vinh ctru

Theo [2], ta c0 hé phuong trinh toan hoc mo ta PCTT-KTVC nhu sau:

di,, 1. (2;; Ly 1
=i | =V | i, +—U
d T, r )L, L,

di, (2;; )er. 1. 1 (2;r )wp (3.1)
=—|—V |y ——lg+—U,—

dt T )L, T Ly

ds

—_— =V

dt

Theo [2] lyc dién tir cia DPCTTKTVC dugc xac dinh nhu (3.2) va phuong trinh
chuyén dong cua dong co nhu (3.3)

3

(i —L )i 3.2

F r (l//pqu+(er qu)lrdqu) ( )

Fp (33)
dt

3.1.2 Thiét ké b diéu khién dong dién theo phwong phap Backsteping cho
dong co tuyén tinh.
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T van toc

Tinh S = Ivdt I

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

Dé nang cao dugc chat lugng diéu khién ciia hé thong, can tap trung nang cao
chét lugng cua bd diéu chinh dong cho dong co, bang cach ap dung phuong phap
thiét ké phi tuyén Backstepping dé tong hop bd diéu khién dong. So dd cau tric
diéu khién dong co trong d6 khau diéu chinh dong dugc thiét ké theo phuong phap
phi tuyén Backstepping. Noi dung cua phan tong hop bo diéu chinh dong phia dong

co bao gom céc cong vi¢c chinh sau:

- Tong hop khau diéu chinh dong Backstepping co ban phia dong co: bao gdm

tong hop cac bo diéu chinh thanh phan iy VA iy trén mién lién tuc, sau d6 s6 hoa bo
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diéu chinh dong dé c6 thé thuc hién viéc cai dit b didu chinh trén hé théng xu 1y

tin hiéu s6 DSP. Qua b diéu chinh dong co ban, ta s& thiy dugc bo diéu chinh da

: : s . 2TV .
thuc hién duoc viée tach kénh thong qua bu cac thanh phan lién két ngang ——1
T

L 2nv. . s A s 3 :
va —1,,, viéc bu tryc tiép dién ap ngudn (dién ap dat vao phan chuyén dong ), bu
T

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

- Khic phuc sai léch tinh. Do bo diéu chinh dong Backstepping co ban chua
c¢6 thanh phan tich phan, nén dé kht sai léch tinh, ta dua thanh phan tich phan vao
trén co s& ky thuat Backstepping.
3.1.2.1. Tong hop bd diéu chinh thanh phan i,y trén mién lién tuc.

Chon iy 12 bién diéu khién, gi4 tri mong muén cua né iy duogc lay tir bo
diéu chinh md men théng qua khau tinh toan gia tri dat. Goi sai léch giia irq Va gid
tri datiyg 1a:

Z]_ = ird - ird* (3'4)

Chon ham diéu khién Lyapunov la: v, = Ezf . Lay dao ham theo thoi gian,

taco: &=2z&. Talaico: &:d(;—f—ddl—f.

Tu (3.1),tacd:

di, 1. (275 erq. 1
— =+ =V | Uy

d T, Ut JL," L,
Do d6:
1. 2t L. 1 di,
=——i +| —V | +—Uu —— 3.5
& -I-rd rd ( T Jer rq er rd dt ( )

Chon bién diéu khiénla —u ,, dé ¥&=2,&<0, thi gi4 tri cua bién diéu khién la:
rd
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= = ;

urd -
T

1 1. 2n \L,. di
rd—( vj i+ d{d -k.z, (3.6)

er Trd rd

Véi ky 12 hang sb duong.
3.1.2.2. Tong hgp b diéu chinh thanh phan i, trén mién lién tuc
Chon iy 12 bién diéu khién, gia tri mong muédn ctia n6 i, duoc lay tir bo diéu

chinh céng suat théng qua khau tinh toan gia tri dat TSP. Goi sai léch giira irg Va gia
tri datiy, 1a:
(3.7)

22 = Irq - Irq

Chon ham diéu khieén Lyapunov la: v, =Ez§ . Lay dao ham theo thoi gian, ta

co: & =2z,&. Talaico:

di di
—_9__"m 3.8
% dt dt ¢9
T (3.1),tachd:
di
q :_(Evj er ird_iirq_'_iurq_(ﬁvjﬂ (39)
dt t )L, o q T )L,
Do do:
di
Q:_(@V)ﬂim _iirq +iurq —(Evjﬁ——rq (3.10)
© JL, T, L, Tt JL, dt

Chon bién diéu khién la L—urq, dé & =z,& <0, thi gia tri cua bién
q

diéu khién l1a:

di;
iurq :(@vjﬁird +iirq +(@vj&+ = —k,z, (3.11)
L, T T JL dt

rq rq rq

Véi k, 12 hiang sb duong.

B¢ diéu khién thanh phan i, c6 thé dugc viét lai & dang ngan gon hon nhu sau:
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Tir céc bd diéu chinh dong backstepping co ban (3.6) va (3.11), ta c6 so do khdi
bo diéu chinh nhu hinh 3.16.

= du/dt !
Derivative +
.
Ird®
'
{2 % Cut1
Ird Gain2
{Lrg/Ird}*{2"pirte) Produdct
- s
v
1/Trg
Irg ; —
i E ¥ it K2 >
Irg* S
Gaint
' +
| du/dt I+
Derivative —
n
'
| -H- - Cut2
Gaind
{2 pifta)*{Psip/Lrg) =
-
= ‘
e | -K-
Ll
Product1 ‘
{Lrg/Ird}*2*pifto

Hinh 3.2. So d6 bo diéu chinh dong Backstepping

Nhan xét: B diéu chinh dong Backstepping di thuc hién duoc cac van dé

sau:
: n £ A A N N X ‘A Z 27'C . .
- Thuc hién tach kénh thong qua bu thanh phan lién két ngang —Vi 4va
T
2T .
TVqu .

- Bu tur théng.
- B van téc phan chuyén dong v.

Tuy nhién, do bo diéu chinh khdng c6 thanh phan tich phan, nén s& gay sai léch
tinh.
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3.1.2.3. Tinh 6n dinh cia hé c6 bd diéu chinh dong Backstepping

Véi cac khau diéu chinh (3.6) va (3.11), thay chiing vao cac phuong trinh (3.5)
va (3.10), ta dugc cac phuong trinh moé ta mo hinh dong cia BDCTT-KTVC trén

khong gian céc bién trang thai méi z; va z, nhu sau :
=—k,;z
{ &=-kz, (3.12)
Kﬁ = _kzzz

C6 thé viét hé ¢ dang sau:

T
—| = (3.13)
dt\ z, 0 —k,)\z

Hé c6 diém can bang : (z1,2)" = (0,0)"
s 1, 1, N .
Chon ham diéu khién Lyapunov : v=—2; +—Z;. Lay dao ham cua v, ta co:
2 2

B2, &+2,8 =-k,z7 —k,z5 <0, ta két luan, hé 6n dinh tai diém can bang
(z1,2,)'=(0,0)". Bo didu khién da thiét k& dam bao yéu ciu 6n dinh toan cuc va

* -

Ird ﬁlrd’ Irq %Irq .

3.1.2.4. S6 hoa b diéu chinh dong Backstepping co' ban.
a) So6 hoa b diéu chinh dong i,

Vi bo diéu khién duoc thyc hién trén hé thong DSP, do d6 ta can gian doan bo

diéu chinh (3.6), thuc hién sai phan (3.6), ta co:

[ (K)-iy()]  (319)

t=kT

iurd(k):_l_iird(k)—(z—ﬁv(k)J%irq(k)+%

er rd T rd

-k

o : . di
Thuc hién xap xi bac hai dao ham —{d , ta duoc:
|t=kT

*

dird _i

— = [3i(K) — 4i g (k—1) +irg (k-2
0t o 13 (K) =41 (k=D +iyy (k= 2)]

Ta duoc:
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1 1. 27 L., .
= u (K) =i, (K) = ZEv(K) |29 (K
er urd( ) Trd Ird( ) ( T V( )j er Irq( )+ (3_15)

[0 () = 41 (K =1) + 5y (k= 2)] =k, [ (k) =15 ()]

b) S6 hoa b@ diéu chinh dong irg.
Vi bo diéu chinh duoc thyc hién trén hé thong DSP, do d6 ta can gian doan b

diéu chinh (3.11), thuc hién sai phan (3.11), ta co:

k
-, (k){EV(k)jﬁim(kpiir (k)+(@v(k)j‘“p( ),
qu ! T qu rq q T qu
i (3.16)
di, _ N
o —kz[qu(k)—qu(k)]
t=KT
A . _di
Thuc hién xap xi bac hai dao ham _tq , ta duoc:
|t=kT
dt je—xr ST 9 q :
Ta duoc:
! 21 oy | 1. on Y (K)
U, (K)=| =V(K) | =i (K)+=i4(k)+| —V(k) 4
qu T qu Trq T qu (3.18)

+E[3qu (k) —4i rq(k_l) + Irq(k_z)]_ k2 |:Irq (k)_qu (k):'

3.1.2.5. Khic phuc sai léch tinh

Véi bo diéu chinh dong Backstepping co ban, do trong bo diéu chinh chua
cd thanh phan tich phan nén s& cd sai léch tinh, ngoai ra nguyén nhan dan dén c6 sai
léch tinh con do anh huéng cua tan sb ldy mau, cac tham sé ciia dong co trong qua
trinh 1am viéc. Bé khic phuc sai léch tinh, muc dich dit ra 12 phai dwa dugc thanh
phan tich phan vao thuat toan backstepping co ban. Thanh phan tich phan duoc
thém vao mo hinh d6i tugng, va sau dé trugt vé phia phuong trinh bo diéu khién.

Dé thuc hién duoc muc dich trén, ta xem xét lai ban chat cua bo didu chinh dong
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backstepping co ban trén quan diém tuyén tinh héa va tach kénh truc tiép cua
phuong phap backstepping, trén co s¢ do, dua ra mot cach &p dung mai dé téng hop
bo diéu chinh dong Backstepping cho dong co tuyén tinh kiéu dong bo kich thich
vinh cuu.
3.1.2.6. Pua thanh phin tich phan vao thuit toian backstepping co ban dé khir
sai léch tinh

Theo tai liéu [7], dé dua thanh phan tich phan vao thuat toan backstepping co
ban nham khtr sai léch tinh, thuc chat I thyuc hién bién d6i hé truc toa do trang thai,

dua mé hinh vé dang tuyén tinh va tach kénh, khi d6, mé hinh dong ctia DCTT-

KTVC s¢€ c0 dang nhu sau :
. (3.19a,b)
di,
dt 2
Trong do6 :
1. (ZR j'—rq. 1
W =——Ily+| —V Irq+_urd
Trd T er er
(3.20a,b)
2n \L,. 1. 1 2n VW,
W, =—| —V g == +—U,—| —V |+
© )L, T L, © )L,

M6 hinh sau khi thuc hién bién doi hé truc toa do trang thai (3.19a,b) s& tao diéu
kién cho viéc dua thanh phan tich phan vao thuat toan backstepping co ban dé khir
sai léch tinh. Thanh phﬁn tich phan dugc thém vao mo hinh doi tuong, va sau do

trurot vé phia phuong trinh bo diéu khién.
a) Téng hep bé diéu khién thanh phan i
Xét phuong trinh (3.19a), chuyén sang toéan tir Laplace ta c6 :
S,4(5) = W,(5) (3.21)

Vay ham truyén dat s& 14 :
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6.9 Vi) _Xu) 1) _1 a2
W) W) W) s |

Ham truyén dat sau khi thém thanh phan tich phan vao di twong s& Ia:

Yis) _1_Y()

G.(s )_W(s)s 52 U,(s)

(3.23)

Phuong trinh (3.23) duoc viét dudi dang cac phuong trinh trang thai nhu sau:

Y1 =Xy
& =X, (3.24a,b,0)
&, =u,

trong do: U,(S) = W,(s)s (3.25)

- Budcl: Goi Y, =i, - 1a gia tri ¢au ra mong mudn. Bién sai léch tha nhat
dugc dinh nghia la:
€ :yl_yI :X11_yI =14 _i:d (3.26)
Ham diéu khién Lyapunov thir nhat duoc chon 1a:

1
Vu=3 Zep (3.27)

bao ham (3.27), ta cé:

& =& =&, (8 — %) =g, (X, — %) (3.28)

Dé & <0, x;, dugc chon la bién diéu khién 4o, gia tri mong muon cua né

Oy = (Xlz )d = _k11811 + ﬁ (3.29)
Trong d6, ki1 12 mot hang sé dwong. Vi cach chon nhu trén thi:

& = _k118121 <0.

- Bué6c 2: Vi X4, 12 bién diéu khién ao, chua phai la bién diéu khién thuc. Sai

léch gitta gia tri thuc va mong mudn cua no la:
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€1y = Xgp — 04y =Xp, +Kpy&; — ﬁ (3.30)

Chon ham diéu khién Lyapunov la:

1 1
Vi, = 58121 + 58122 (3.31)
Vi:
&1 =Xp— ﬁ' =&p— k11811 (3.32)

Nén dao ham &, sé la:

&, =68+,
=g, (8, —Kpuepy) + 8,08 + K& - ﬁ‘) (3.33)
= _k118121 TE&p |:(1_ k121)811 + Ky, +U; — ﬁ‘]
Ta thiy, trong (3.33) xuét hi¢n bién diéu khién thuc uy. Pé &, <0, ta chon

u; nhu sau :
u, = (K3, 1) ey, —(kyy +ky, ey, + & (3.34)
Trong d0, ki, 12 hing sé duong.
Thay biéu thic ciia £, va g, vao (3.34), va chuyén sang toan tir Laplace ta
duoc:
U, (8) = (1+ Ky *Kyp )| Y5(8) = X4y (8) | +5.(Kyy +Kyp )| Y (8) = Xy (8) | +5°Y, (s) (3.35)
Bay gio, ta s& truot thanh phan tich phan vé phia phuong trinh bo diéu khién,
tur cong thac (3.25), ta co :

Wl (S) = Ul(S)

(3.35)
Vay phuong trinh bo diéu khién thanh phan i,q s& Ia :

1+k, kK . « «
W,(s) = %[Yl (8) = Xyu(8) |+ (Kyy +Kyp )| Yy (5) = Xy (5) | +5Y, (s) (3:36)

Hay viét gon hon ta co:
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W, (s) = ks —K,,z, +5i,(s) (3.37)
Hay:
=k, [ 2,dt k2, + diyy (3.38)
dt

Trong do : K, =1+K,; *K;, ; Ky =K, +K;,
Chuyén sang mién toén tir z, ta co:

(1+ Ky, )Tz‘l
1-z7*

w,(2) = [ 1@ =x(@) |+ (ks +ky,)| V2(2) - xn(z>] 1y1( z)(3.39)

b) Téng hep b diéu khién thanh phan i,
Xét phuong trinh (3.19b), chuyén sang toan tir Laplace ta co:
sl () =W, (s) (3.39)
Vay ham truyén dat sé

Y,(8) _ Xy(s) 1408 1

G,(s)= = = = (3.40)
W) W) W,(5) s
Ham truyén dat sau khi thém thanh phan tich phan vao d6i twong sé Ia:
G,(s) = 6 _1_%6) (3.41)

W,(5)s s> U,(S)

Phuong trinh (3.41) dugc viét dudi dang cac phuong trinh trang thai nhu sau:

Y, =Xy
)851 =Xy (3.42a,b,c)
)852 =Uu,

trong do: U, (S) = W,(S)s (3.43)

- Budcl: Goi Y, =1, - 1 gid tri diu ra mong muén. Bién sai léch thir nhat

duoc dinh nghia la:
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En=Y,— y; =Xy~ y; = irq - i:q (3.44)
Ham diéu khién Lyapunov thtr nhat duoc chon 1a:

1
Va =3 Zey (3.45)

bao ham (3.45), ta co:

& =6, = 821(& ﬁ)zsm(xzz_ﬁ) (3.46)

Dé &, <0, xp, dugc chon 12 bién diéu khién ao, gia tri mong mudn cta n6

Oy = (Xzz )d =—Ky 8 + 382 (3.47)
Trong d0, ka1 12 mot hang sé duong. Vi cach chon nhu trén thi
2
&, =—Kyey <0.

- Budc 2 : Vi Xy, 12 bién diéu khién ao, chwa phai I bién diéu khién thyc. Sai

léch gitta gia tri thuc va mong mudn cua no la:
€39 = Xgp —Olyy = Xy + K85 — SEE (3.48)

Chon ham diéu khién Lyapunov la:

1 1
Voo = 5 821 += 5 822 (3.49)
Vi:
& =Xy — 32; =&y, —Ky€y (3.50)

Nén dao ham &, sé la:

&, =6, & +£,,&,
=&, (85 — Ky8y) + 8, (&, + K, &, — %) (3.51)
=Ky 85 |:(1_ k§1)821 + Ky +U, — @]
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Ta thay, trong (3.51) xuét hién bién diéu khién thuc u,. Dé &, <0, ta chon

U, nhu sau:
U, = (K3, —1)ey —(Kyy + Ky )y + (3.52)
Trong d0, ks, 12 hing sé duong.
Thay biéu thuc ciia ¢,, va ¢,, vao (3.52), va chuyén sang toan ti Laplace ta
duoc:
U, (8) = (14 KyyKy, )| Y5 (5) = X51(8) [+5(Kyy + Ky, ) Y5(S) = X4(5) | +5°Y; (5) (3.53)
Bay gio, ta s& truot thanh phan tich phan vé phia phuong trinh bo diéu khién,
tir cong thac (3.43), ta co:

U, ()

W, (s) = (3.53)
Viy phuong trinh bo diéu khién thanh phan irg S€ la:

W, (s) = miﬂ[vg (8) = X1(8) |+ (Kyy + Ky )| Y5(8) =X (5) | +5Y; () (3.54)

Hay viét gon hon ta co:

W, (s) = _Ke Z, —KpyZ, +5i(S) (3.54)
S
Hay:
di
W, =k, [ 2,0t —K,,2, +— (3.55)

Trong do: k, =1+K,K,, ; Ky, =K, +K,,
Chuyén sang mién toan tu z, ta co:

(1+kyky, )Tz
1-z*

W, (2) = [YZ (2)- X21(Z)] + (k21 +Ky, )[y; (2)- X21(Z)] + il-r;—i_lly; (2) (3.56)

¢) Chen gia tri cdc diém cuc
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L ChOn cac hé SOA, k]_]_ va k12

Véi bo diéu khién thanh phan i4 (3.36) hoic (3.39), ta c6 phuong trinh cac bién

sai léch nhu sau:

-k 1
S e e
& -1 =Ky, || &,
Trong do:
—k 1
Ay :|: _il _klj’ €= [811 € ]T

Phuong trinh (3.57) 6 thé dugc viét lai thanh:
D, (s)s, =0 (3.58)

Trong d6:  D,(S) =|ls- = (S+k11) -1
g do: (s) =[1s-A ] . (s+k,) (3.59)

bé xé4c dinh cac diém cuc, ta tinh dinh thuc:

(s+ky) -1

1 (S+k )Z(S+ kll)(s+k12)+1:sz+(k11+k12)s+k11k12+1(3'60)
12

det[D, (s)] =|Is-A| =

Néu ta chon k;; va ky, sao cho: kyik;, >> 1, thi:
det[D, (s)] = (s+ky, )(s+ky,) (3.61)
Tir (3.61), ta co duoc cac diém cuc la:
Py =Ky, Py, =Ky, , V6i didu kign: kygky, >> 1
- Chon c4c hé s6 kp; va ky,

Véi bo diéu khién thanh phan Irg (3.54) hoac (3.56), ta c6 phuong trinh cac

bién sai léch nhu sau:

S Ll e

Trong do:
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-k 1
Ay :|: ]2_1 K :|’ €= [821 €2 ]T (3.63)
- T2

Phuong trinh (3.62) c6 thé duoc viét lai thanh:

D,(s)e, =0 (3.64)
Trong do:
e 1. (s+ky) -1
D,(s) =[Is-A] { . (s+K,,) (3.65)

Dé x4c dinh cac diém cuc, ta tinh dinh thuc:

det[D, (5)] = [Is-A | = (s+k) -1
S B | (s+ky) (3.66)
=(s+ky )(s+Ky ) +1=5"+(ky + Ky, )s+Kyky, +1
Néu ta chon ky; va ky, sa0 cho: kyikp, >> 1, thi:
det[D,(s)] = (s+Ky )(s+k,,) (3.67)

Tir (3.67), ta co duoc cac diém cuc 1a:
P, = —k21, Py, = —k22 , VOI1 dléu klén k21k22 >>1
3.2. Thiét ké bd diéu khién van téc

Tir (3.39) va (3.54), ta c6 so dd khdi mach vong diéu chinh thanh phan dong iy
nhu hinh 3.3.
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Hinh 3.3. So d6 khdi mach vong diéu chinh thanh phan dong dién iy,

Tir (3.1),(3.2),(3.3) va so d6 khdi hinh 3.3, ta ¢6 so dd khbi mach vong van téc va
Vi tri nhu hinh 3.4.

_» +
|r o er'l—rq *
a " % 3z |t -
Rv | < 1/(ms)
. +
Y
+ FLC 1/s

s - s —
Hinh 3.4. So @b khbi mach vong diéu chinh van tc va mach vong diéu khién vi
tristr dung bo diéu khién PID mo FLC.

Tir cac so do cu trdc hinh 3.3 va 3.4, ap dung tiéu chuin mé dun déi xung, ta
tim duoc bo didu khién van téc nhu (3.68)

m(s® +k, 5 +k;,)

R,(5) = (3.68)

677, (K5 +k, ) (1+7,5)
3.3. Thiét ké bd diéu khién PID mo cho mach vong diéu chinh vi tri
3.3.1. Xdac dinh cac bién ngbn ngir vao va ra

Véi muc dich chinh cua hé théng diéu khién 1a dat duoc vi tri yéu cau véi do
chinh xac cao, theo kinh nghiém thuc té, ta chon cac bién ngén ngir vao la sai sb vi
tri (quing dudng) AS va dao ham sai s6 vi tri Ae, bién ngén ngir dau ra 1a van téc

yéu cdu v', do d6 quan hé ham cua FLC Ia:
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V'(n) = f(Ae(n), AS(n)). Trong d6: Ae(n) = AS(n) - AS(n-1) 1a dao ham sai s6 vi
tri, AS(n) = S'(n) - S(n) 1& mAu hién tai cua sai sb vi tri, AS(n-1) 1a mau qué khar
cua sai s6 vi tri, S(n) 1& mau hién tai cua vi tri thuc, S'(n) 12 mau hién tai cua vi tri
yéu cau, f 1a ki hiéu cua ham phi tuyén. Cau trdc bo diéu khién vi tri kiéu PID mo
duoc thé hién nhu hinh 3.5. Cac hé sé K, K duoc chon sao cho cac gia tri duoc
chuan hoa cua sai s6 vi tri AS(n), va dao ham sai sé vi tri Ae(n) bién thién trong
khoang [-1,+1]. Hé s6 Ky duoc chon sao cho dau ra cua bo diéu khién 1a van toc
dinh muc yéu cu. O day, cac hé sé duoc lay 1a: Ks = S™ (vi trf dat), Ke = 10, Ky =
12,5.

o M) - FLC
X AS(n) l_,_
S(n) =t Ae(n) K. f ]
T ] K.
AS(n-1) —:
S(n) V*(n)

Hinh 3.5. Cau trac bo diéu khién vi tri kiéu PID mo,
3.3.2. Xac dinh dang cac ham lién thugc va céc gia tri cia bién ngdn ngi.

O day, dé don gian ta lya chon ham lién thuoc dang hinh thang va hinh tam giac,
la dang ham lién thudc c6 mic chuyén doi tuyén tinh. Dang cac ham lién thugc va
gia tri cua cac bién ngbn ngir dau vao va ra duoc chi ra ¢ hinh 3.6, 3.7, 3.8.

Membership function plots PIot points: 181

NH NL ZE P PH

Hinh 3.6. Dang céc ham lién thudc va gié tri cac bién ngbn ngit vao SLVT(AS)
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Membership function piotz  Plot points: 181

NE ZE P&

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

Membership function plote  Plot points: 181

NH ML PL NC PM PH

Hinh 3.8. Dang cac ham lién thudc va gia tri cac bién ngdn ngit ra v’
3.3.3. Xay dung cac luat diéu khién “ néu .. thi «.
Can clr vao ban chat vat Iy, sb liéu va kinh nghiém, ta chon 7 luat nhu sau:
Luat 1: if SLVT is PH ( duong cao), then V' is PH (duong cao);
Luat 2: if SLVT is PL ( dwong thip), then V" is PM (duong trung binh);

Luat 3: if ( SLVT is ZE (bang 0)) and ( VT is PS (duong)), then V' is PL (dwong
thap);

Luat 4: if (SLVT is ZE (bang 0)) and (VT is NE (am)), then V" is NC (khong thay
doi);

Luat 5: if (SLVT is ZE (bang 0)) and (VT is ZE (bing 0)), then V™ is NC (khong
thay déi);

Luat 6: if SLVT is NL ( am thap), then V™ is NL (&m thap);
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Luat 7: if SLVT is NH ( am cao), then V" is NH (4m cao).

3.3.4. Chon luat hgp thanh va giai mo.

O day, ta chon luat hop thanh max-min va giai mo theo phwong phéap diém trong
tam.
3.4 Xay dung so' @6 Matlab/Simulink tao code nap vao DSP TMS320F2812

3.4.1. So' @6 Matlab/Simulink tao code nap vao DSP TMS320F2812 toan b hé

r
thong
II‘—.W‘
Constant urd
o
L
v 4
W diim 44 1
. - va  pul
o irg” ) Ir™ z
" U i i1 T281x
BDK Vit ab 1
— i ) - vb pulst sz
BOK van toc »li im = [ER—
B Dong Dien dg-»abt
g PUDC  pulsi P
Correct phase L P
limitation
SRV
C2E g
a1
N
Az 4 » I
,—DI ]
ADC A4 4
ADC
CZE1x
KT:
RPM -
1
QEF Diserete-Time Gain

Hinh 3.9. So d6 Matlab/Simulink hé thdng

3.4.2. Khau diéu ché vector khdng gian

GP timer cua TMS320F2812 dugc thiét lap o Qhé d6 continuous up/down
counting mode, cac xung ¢ cac cong ra twong trng xuat hién & gitra cac chu ky xung
duogc luu trong GP timer nhu hinh 3.10.
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[ Moo 1 )

Tirmer valus V\M\
| | N

|
PN, (active low) _l_

|
]
l{ =] Dead lime |
PYWM 44 (active high) |

+ Compare malches

Hinh 3.10. Xung dugc tao ra khi so sanh gia tri trong cac thanh ghi so sanh va thanh
ghi GPtimer

Hinh 3.12 1a khau diéu ché vector khdng gian mé phong trén Simulink. Sau khi
tinh duoc thoi gian thuc hién cac vector bién T, Ty, To/T7 (theo tai ligu [9]), ta st
dung khdi sequencing factors dé tinh thoi gian dong mé van. Y twong nhu sau:
Bang céach so sanh mau xung diéu ché ¢ hinh 5.13a véi so dd dinh nghia thoi gian
dong ngét van ¢ hinh 5.13b (cho trudng hop Sector 1) ta thu dugc két qua sau:

(k)

- > PWM - >
T Tmy\»/"’“:\/\
e TR "~ L
v — Trewl ™ Eel ] il I e e
w [ N w T [T]
-« > -« >

puls puls
Hinh 3.11a,b. Mau xung diéu ché va so do dinh nghia thoi gian déng ngat van
Tuon=Tuor=Ty=Tp+ T+ 05T
Tyon=Tyor =Ty =T +0,5T,
Twon=Tworr = Tw=0,5T

7,7 [1 1 05]T,
Dodétaco: |T,|=|0 1 05| T,
T, [0 0 05|T,
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Tuong tu ta ciing ¢ thé xac dinh dugc Ty, Ty, T, cho cac sector con lai.

(3) »
Vdc e .
Avoid division byzero  Normalize (1/Umax)
. > amplitude >|3 > /=] 2/sqrt(3)
: Tt
va phase gk K-
C2) » » alpha .
o mod t P sin P X
Cartesian to — P -
= 2/sqrt(3) ;EI*
* 1
Polar olx I: t To
i3 + sin B
p Ea Tp
_:I—b vab sector
SECTOR
phase A B C a
1 [1105;010.5000.5] >
2 [1005;110.5;000.5] »
3 [0005;110.5;010.5] » » .
M'\ﬂitiml( P duty ratios pulses
, |0o00si10051108 > py VLR puls
[0105:0005;1105] > Capcom
5
[1105;000.5;100.5] »
6 —

sequencing factors

sector
selector

Hinh 3.12. So d6 Simulink md phéng khau PCVTKG (“SVPWM”)

3.4.3. Khéi tao két néi MatLab/Simulink véi phan mém tao code va nap code
cho TMS320F2812
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x)

IDE,/Tool Chain: | Texas Instruments Code Composer Studio e
] Board | Memory | Section | Peripherals
Board Properties
Board: C2000 Custorm A
Processor: |F2B12 | | Add Mew. .. Delete
1 cPUClack: 150 IWHz
Board Support
Operating System: |Mone
_ FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1
g----Sgurce files FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1
~Include paths FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1 g
#-Librarias FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1 i
P . ATLAR_ROOT Moolboxijidelinkyextensionstticcs'src\DSP2E] |
eInitialize functions FiM -
T inate funch FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1 Ef
Srminate LNCHONS | £ aaTLAR_ROOT Moolboxidelink'\extensionsticcs\erc\DSP2e] |
FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1
FMATLAR_ROOT ywhoolboxhidelinkextensionsiticcshsrc\DSP2E1
< » s
w
< > [
[ (8]4 l [ Cancel ] [ Help ] Apply

Hinh 3.13. Khdi tao két ndi MatLab/Simulink v6i phan mém tao code va nap code
cho TMS320F2812

3.4.4. Khoi tao xung dwa vao cic cwe didu khién cia cac IGBT sir dung
TMS320F2812

C281=

Fuha
Funih

Hinh 3.14. Biéu tuong caa khdi PWM trong MatLab/Simulink
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E! Block Parameters: PWM @

C281x PWIM (rmask) (link)

Configures the Event Manager of the C281x DSP o generate PYWM
waveforms,

Timer | Cutputs || Logic || Deadband || ADC Contral

Module: |f-‘« V|

Waveform period source: |5|:|eciﬁ.r via dialog V|

Waveform period;

0.0001 |
Waveform typedcounting mode): |ﬁsymmetrin:(Up} V|
Waveform period units: |SE|:|:|r'|ds V|
Timer prescaler: |N|:|r'|e V|

[ Ok, H Cancel H Help H apphy ]

Hinh 3.15. Tab Timer cua khdi PWM

=] Block Parameters: PWM [z|
Z281x P (mask) (link)

Configures the Event Manager of the C281x DSP 1o generate Py
waveforms,

Timer | Outputs | Logic | Deadband | ADC Contral
Enable PWIML P2

Duty cycle source: |Ir'|put port V|

Enable P3R4

Duty cycle source: |Input part V|

Enable PYIS AYWME

Duty cycle source: |Ir'|put port V|
Duty cycle units: |F‘er|:er'|tages V|
[ (04 l [ Cancel ] [ Help ] [ Apply ]

Hinh 3.16. Tab Outputs cua khdi PWM
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L= Block Parameters: PWM f5__<| |
C281x P (mask) (link)
Configures the Event Manager of the C281x DSP fo generate PWIM
wavefor ms,
Tirner Oupouts | Logic | Deadband ADC Control
Contral logic source: |5peu:iﬁ.r via dialog V|
Pl control logic: |ﬂu:tive high V|
P2 control logic: |ﬂu:tive |y V|
P13 control logic: |ﬂu:tive high V|
P4 control logic: |ﬂu:tive |y V|
PWAS control logic: |ﬂu:tive high V|
PG control logic: |ﬂu:tive |y V|
[ Ok, l [ Cancel ] [ Help ] [ Apply ]

Hinh 3.17. Tab Logic caa khéi PWM

E: Block Parameters: PWM @

C281x W (mask) (link)

Configures the Event Manager of the C281x DSP to generate PYWM
waveforms,

Timer | Outputs | Logic | Deadband | ADC Control

Use deadband for P12
Use deadband for PAM3,/Piag
Use deadband for PWMSPWhG
Deadband prescaler: |1 V|
| Deadband period source: |5peciﬁ.r via dialog V|
Deadband period: |1 V|
I Ok, ] [ Cancel ] [ Help ] [ Apply ]

Hinh 3.18. Tab Deadband cua khéi PWM
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Cow—sls ||

VL I rectifier

Froporional contraller

L' b=

Gate ﬁ'
[a]

i
1

!

Whus )
Ll

| rectifier ()

| bus (A

Hinh 3.19. So d6 simulink mach him dong ning

3.4.6. So' @ simulink bd diéu khién dong dién
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» K iz-12

[iscrete PID Controller

Tz

Driscrete Derivative

N

&5 >

¥

%
zain

I FID(Z) =+

(Lrg/Lrd 2™ pifta) Product

>ain3

> Kiz-1)

T=s=z

Driscrete Derivatived

¥

¥

¥

¥

*

b

(P=ipsLrgfi2™piftta)

-..| JK-

|

L
—»
Froduct

r|

(Lrd/Lrg (2" pistad

Hinh 3.20. So d6 simulink bo diéu khién dong dién

3.4.7. So @6 simulink bg diéu

P FIDZ)

Mizrrata PIM Cantrallar

khién van téc

P

fritezd

Driscrate
Transfer Fcn

irg*

Hinh 3.21. So d6 simulink bo diéu khién van téc

¥

Gaind

Urg



68

Trong do:

a=rm(k,,T*—k,,T +1)

b= rm(kpz - 2)

c=17m

d= 67[101//p [kpzrg -T (kp2 + kiZTo_)-‘r‘ kisz]
e =677, | (Kyo + Ko, ) T = 2K,,7, |

f =6yrrjz//pkp2

3.4.8. So' @b simulink bd diéu khién vi tri

5 [0]

—wt— o] »?

N J

1) I
= .’@ den(z
Lows pass filter

—f—

Fuzzy Lagic
? ' Contraller

1 .

L — a3in

=
Unit Drelay

——efif =
- 7
mm [m v

Gainz  Ctrl sat.

Hinh 3.22. So d6 simulink bo diéu khién vi tri
3.4.9. Khau chuyén hé toa d@ tir (d,q) sang (a,b)

>dq

b

ab
P

b

dg-=a'b'

Hinh 3.23. Biéu twong khau chuyén hé toa do tir (d,q) sang (a,b)
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angle

£EI—> f(u)

EI > )

—a@

Mux Fcn

alpha’

—@

beta'

Muxl Fcnl

Hinh 3.24. C4u tric khau chuyén hé toa do tur (d,q) sang (a,b)

E! Function Block Parameters: Fcn

Fcn

Parameters

E spression:

eneral expresszion block. Uze "u" as the input wariable name.
Example: zinfu[1] * expl2.3 * -ul21]]

|u[1 Froos(u[3-u[z] sinful3])

Sample time [-1 far inhernted):

1

ak

Cancel |

Help | apply |

Hinh 3.25. Ham Fcn trong khau chuyén hé toa do tir (d,q) sang (a,b)
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E! Function Block Parameters: Fenl

Fcn
General exprezzion block. Use "u" as the input variable name.
Example: zinful1] ® expl2.3 * -u[2]]]
Pararmeters
Exprezsion:
|u[1 Fain[u[3]] + u[2T coz(u[3])
Sample time [-1 far inherited):
E

ok Cancel | Help | Apply |
T

Hinh 3.26. Ham Fcnl trong khau chuyén hé toa do tir (d,q) sang (a,b)

3.4.10. Khau chuyén hé toa dd tir (a,b,c) sang (a,b).

Sy )
»{2 »_‘__ ab
! Gainl sum Gain

—>

Terminator

Hinh 3.27. Khau chuyén hé toa do tir (a,b,c) sang (a,b)

3
> 2 o

Hinh 3.28. Biéu tugng khau chuyén hé toa do tir (a,b,c) sang (a,b)

3.4.11. Khau chuyén hé toa @ tir (a,b) sang (d,q).
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ab-=dg
> qt
* —
& >/ g
angle

Hinh 3.29. Biéu twong khau chuyén hé toa d tir (a,b) sang (d,q).

.—>I__1 EI O
ab Mux Fcn L

@—

angle :EI »-7 Mux2

Mux1 Fcnl

Hinh 3.30. Khau chuyén hé toa do tir (a,b) sang (d,q).

E! Function Block Parameters: Fcn

For

General expreszion block. Usze "u" az the input variable name.
Ewample: zinful1] ® expl(2.3 * -u[2])]

Pararneters
Ewpression:
|u[1 [Feos(u[3]) +u[2] zin[u[3])
Sample time [-1 for inkherited]:
E

| ok Cancel | Help | Apply |

Hinh 3.31.Ham Fcn cua khau chuyén hé toa do tir (a,b) sang (d,q).
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E! Function Block Parameters: Fenil

Fon

General expreszion block. Use "u" as the input variable name.
Exarple: zsinfu[1] ™ expl(2.3 * -u[2]1]

Parameters

| I

Ewpression:
|-u['| Fzinful3]] +ul2] cosu[3]]

Sample time [-1 for inherited];
A

] Cancel Help | Apply |

Hinh 3.32. Ham Fenl cua khau chuyén hé toa do tir (a,b) sang (d,q).
3.4.12. Khau doc van téc tir sensor cia TMS320F2812.

L=] Source Block Parameters: QFP |

&

C281x QEP (rmask) {link) 25

Configures guadrature encoder pulse circuit associated with the

selected Event Manager module to decode and count guadrature

encoded pulses applied to related input pins (OEP1 and QEPZ for

EWwa or QEP3 and QEP4 for EVE). Depending on the selected

counting mode, the output is either the pulse count or the rotor

speed (when a pulse signal comes from an optical encoder

mounted on a rotating machine).

Parameters

IModule ; |.-‘-‘« V|

Counting mode: |[EE%

Positive rotation: |C|DE|<WiSE V|

Initial count :

o |

Encoder resolution {pulsefrevolution: —

| 1024 |

[] Enable QEP index

Timer period:

65535 |

Sarmnle time: (i
[ Ok ] [ Cancel ] [ Help ] [ Apply ]

Pt de T— Ly

Hinh 3.33. Khau doc van toc tir sensor cuia TMS320F2812
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3.4.13. Khau doc dong dién ba pha tir sensor dong dién, doc gié tri dit ciaa vi
tri va doc gid tri dién 4p mét chiéu trung gian cia TMS320F2812 (khau ADC).

=] Source Block Parameters: ADC rz|
C281x ADC (mask) (link}

Configures the ADC to output & constant stream of data collected
from the ADC pins on the c281x DSP.

ADC Control | Input Channels

Conversion maode: |59quentia| V|
Start of conversion: |5|:|Ftware V|
Sample time:

0.001 |
Data type: |d|:|uhle V|

[] Past interrupt at the end of canversion

I Ok, H Cancel H Help ] Apply

Hinh 3.34. Thiét lap cac tham s6 cua Tab ADC Control

E! Source Block Parameters: ADC E]

C281x ADC (mask) (link)

Configures the ADC fo output 5 constant stream of data collected
from the ADC pins on the c281x DSP

|| 2Dc contral | Input Channels |

Mumber of conversions: |5 V|
Corversion no, 1 |ADCIN.&D V|
Conversion no, 2 |ADCIN.&1 V|
Conversion no, 3 |ADCIN.&2 V|
Conversion no, 4 |ADCIN.&3 V|
Conversion no, S |ADCIN.&4 V|
Use multiple autput parts

[ Ok H Cancel H Help ] Apply

Hinh 3.35.Thiét Iap cac tham sb cua Tab Input Channels caa ADC Control
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3.5. Lap trinh DSPTMS320F2812 tir Matlab/Simulink va CCS

Buéc 1: G& lénh “xmakefilesetup” tir dau nhac caa Matlab, matlab s& xuat ra hop
hoi thoai XMakefile User Configuration nhu hinh 3.36.

=] xmakefile User Configuration

Artive

Template: |gmake V|

Configuration: |ticcs_c2000_ccsv3 V| [ Display operational configurations anly Delete
User Templates: |D:\My Docurnents\WaTLABY, | ’ Browse,., ]
User Configurations: |D:\My Docurments\WaTLABY, | ’ Browse,., ]

Make Utility | Compiler | Linker | archiver | Pre-build | Post-build | Execute | Tool Directories
CCS Installation: |CACCStudio_va.3y | [ Browss... |

T T

Code Generation Tools: |C:\CCStudiD_\G.B\CEDDD\cngIS\ | [ Browse... l

= =

[ K H Cancel H Help ] Apply

Hinh 3.36. Hop thoai XMakefile User Configuration

Bwéc 2: Tao mé File M hinh bang léch: File/new/Model

0O = » | |Enter search term r .
T I TeE | o -
Libraries vedded Coder/Embedded Trgets  [4 ][} =3 4 oo Nomal

+-User-Defined Functions | Host
Acidtionsl Math & Discrete: Communication
W Aerospace Blockset
B Communications System To Operating
¥ Computer vision System To Systems
Tk Control System Taolhox
¥ DSP System Toalbox
BB Data Accuisition Taolhax
- 9] Embeddes! Coder T
{-BUTOSAR
$-Configuration Wizards
E-Embedded Targets
i i-Host Communication
Operating Systems The Target Preferences block will be set with the selections you make below,
#-Processors
Module Packaging
Fuzzy Logic Toolbox 2 |c2nmn Custom
Gauges Blockset
HOL verifier T
Image Acuistion Taolbox Dio you warit to update the model's Canfiguration Parameters to correspond to your selections?
Instrumert Control Toolo Clicking "¥es' sets appropriate Configuration Parameters.
Mode! Presictive Control Too... Clicking 'No' leaves all Configuration Parameters unchanged. The model may not generate code
Meural Netwark Toolox that is compatible with the selected IDE/Taol Chain, Board, and Processor,
OPC Taolhax e |
Real-Time Windows Target
Report Generator
Robust Cortral Taolhox
SimEvents
SimRF
Simscaps
Simulirk 30 Animation
Simulirk Cader

Procassars

Target Freferences

] untitlediTarget Preferences: Initialize Configuration Parameters

Mo ] [ Help

E:
E:
0 JE
I+
I+
L
L

Simuink Cartrol Design
Simuink Design Optimization

Simuink Desion Verifier >
Shawing: Embedded Coder Embedded Tatgets

72 start & e [ pmwn. [TIm. | . | [Moev.. [@e. [®mws. [ @ rep =, [2 =1 wntie  [Juntr.. | nbit.. N AV R

LR T e—

Hinh 3.37. Tao md File M6 hinh bang Iéch: File/new/Model
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Buwéc 3: Chon khéi Target Preferences tir thu vién Simulink dua vao File Model,
thiét 1ap cau hinh cho khéi

=1 untitled/T. arget Preferences: Initialize Configuration Parameters

The Target Preferences block will be set with the selections you make below.

IDEf Mool Chain: |IEEENREL =

Board: C2000 Custom v|

Processor: |F28 1z hd |

Do you want to update the model's Configuration Parameters to correspond 1o your selections?
Clicking “fes' sets appropriate Configuration Parameters,
Clicking ™o' leaves all Configuration Parameters unchanged. The model may not generate code
that is compatible with the selected IDE,/Tool Chain, Board, and Processaor,

[ Yes H 3 a] H Help ]

Hinh 3.38. thiét Iap cau hinh cho khéi Target Preferences
Budrc 4:

Xay dung céc khéi Simulink cho cac bo diéu khién dong dién, van toc, vi tri, , khoi
diéu ché vector khdng gian, khéi tao xung dua vao cic cuc diéu khién cua céc
IGBT str dung TMS320F2812, cac khéi chuyén toa do, khdi doc van tdc tir sensor
cia TMS320F2812, khéi doc dong dién ba pha tir sensor dong dién, doc gia tri dat
cua vi tri va doc gia tri dién 4p mot chiéu trung gian cua TMS320F2812 (khau
ADC) ¢ file MODEL nhu hinh 3.39.

a1 T281x

va uls —I_’
1

b - vb pulst 2
: AI—P

W P
Fillht

WluDC  puis

SVPIM

o
1 [
QEP Dist Gain

A
QEF Integratar

Hinh 3.39. So d6 Matlab/Simulink tao code nap vao DSP TMS320F2812
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Bwéc 5: Thiét 1ap cau hinh cho file Model

iy Configuration Parameters: tuyen6/Configuration (Active)

Select: | Sirmulation tirme ~
Start time: |0.0 | stop time: 10,0 |

-Diata Import,/Export
[=-Optimization

) Solver options
-Signals and Parame...

~Stateflow Type: |Fixed-step v| Solver: |discrete (no continuous states) v|
[=I-Diagnostics

~Sample Time Fixed-step size (fundamental sample time): |aub3 |

-Data Validity

Type Coh\fersmn Tasking and sample time options

- Connectivity

- Compatibility Periodic sample time constraint: |Unconstrained vl

- Model Referencin

e 4 Tasking rmode for periodic sample times: |Aut3 vl

Saving
- Stateflow [ sutomatically handle rate transition for data transfer

-Hardware Implermentati,..
~Model Referencing
=-Sirnulation Target
Syl

= Customn Code

=-Code Generation
-Report

-Comments

- Syrrbols

-Custom Code

- Interface

-SIL and PIL verificat...
-Code Style

- Templates

- Code Placement
-Data Type Replace..,
-Memory Sections

- IDE Link

#-HOL Code Generation

Higher priority value indicates higher task priority

Hinh 3.40. Thiét lap cau hinh cho Tab solver cua file Model
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Configuration Parameters: tuyen6/Configuration (Active)

Select:

- Solver

- Diata Import/Export
[=-Optimization

Signals and Parame...
Stateflow

[=I-Diagnostics

Sample Time
Data Yalidity

Type Conversion
Connectivity
Compatibility
Model Referencing

-Model Referencing
=-Sirnulation Target
-Symmibals

*Customn Code
=-Code Generation
~Repart

- Comments

- Symbals

-Custom Code
""Debug

-~ Interface

-SIL and PIL Verificat...
-Code Style
~Termplates

~Code Placement
—Diata Type Replace...
- Memary Sections

- IDE Lirk

#-HDL Code Generation

Hinh 3.41. Thiét lap cau hinh cho Tab Hardware Implementationcua file Model

Embedded hardware (sirmulation and code generation

Device vendor: |Texas Instruments v| Device type: 2000 v

Mumber of bits Largest atomic size

char: shart; int: S |Int |
long: 32 float: m double:

floating-paint: |Mone
native: pointer: Eis | |
Byte ordering: |L|tt|e Endian v| Signed integer division rounds 1o:

Shift right on a signed integer as arithrmetic shift

Emulation hardware (code generation anly)

MNone

|




Configuration Paramete

Select:

- Salver

-Diata Import/Export
—-Optimization

t-Signals and Parame...
- Stateflow

iagnostics

-Sarmple Time

-Data Validity

“Type Conversion
“Connectivity
-Compatibility

-Model Referencing
“Saving

“Stateflow

-Hardware Implementati..
-Model Referencing
—-Simulation Target
“Symbols

“Custom Code

-I-Code Generation
~Report

-Comments

- Syrmbols

- Custom Code
""Debug

- Interface

-SIL and PIL Verificat..,
- Code Style

- Ternplates

- Code Placement
-Data Type Replace...
emary Sections

JE
+-HDL Code Generation

Hinh
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rs

: tuyené/Configuration (Active)

Eun-Time

Build format:  Project %

Build action:  |Build_and_execute

Cwverrun notification:  |Mone

Yendor Tool Chain

Configuration: Custom %

Compiler options string: Reset

Get From IDE
Get From IDE

Linker options string: Resat

Systerm stack size (Mals): 512

Code Generation

[ Prafile real-tirme execution

Lirk Autornation

Manimurn time allowed to build project (s): 1000
Manimurn time allowed to complete IDE operation (s): |10

Export ICE link handle to base workspace

IDE link handle name: |IDE_Obj

Diagnostics

Source file replacement: |warning %

3.42. Thiét 1ap cau hinh cho Tab IDE link cua file Model

Buwéc 6: Khai tao phan mém Code Composer Setup, thiét 1ap cau hinh hé théng

T Code Composer Studio Setu

File Edit “iew Help

System Configuration

!
B3 F2512 ¥D5100 USE Emulator
B TM33Z0C2600_0

Save & Quit |

P
PO TYA— Farnily Platform Endianness | My System
[ - | - |an -|
BE: ARM7 Simulator, Big Endian ARM7 simulator big F2812 »D'5100 USE Emulator
B: ARM7 Simulator, Little Endian ARM7 simulator  litle IR @i DS
I: ARM7 05510 Emulator AHRMZ zds510e.. * i
BGE: ARM7 XD35560 Emulator ARM7F xdsSe0e... ¥
IEH: ARMS XD5510 Emulator ARMI xds510e... ¥
B: ARM9 05560 Emulator ARMI zdsSe0 e, ¥
B ARMIZEE 3-S5 Simulator Little Endian ARM3I simulator little:
BH: ARM9%e Simulator, Big Endian ARMI simulator big
BGE: aRM9e Simulatar, little Endian ARMI simulator litHle:
I 240 KD5510 Emulatar C24xx xdsS10e.,., *
H: F240 XD35560 Emulatar C24xx zdsse0e... *
B F2401 XDS510 Emulator T2 xdsS10e... *
BEH:F2401 XD5560 Emulator C24xx zdsSe0e... *
B: F2402 %D5510 Emulator C24xx zds510e.. *
B F2402 XDS560 Emulator T2 xdsSe0e... ¥
H:F2403 XD'5510 Emulator C24xx xds510e... ¥
: F2403 xD5560 Emulator C24xx zdsSe0 ... ¥
B F2406 “DS510 Emulator C24xx xdsS10e.,., *
H: F2405 %05560 Emulator C24xx zdsse0e... *
B F2407 %DS510 Emulator 24 xdsS10e... * V‘
E® Factory Boards | E® Custom Boards ] #® Create Board <
een | | ] | Cmre]

Hinh 3.43. Khai tao phan mém Code Composer Setup, thiét 1ap cAu hinh hé thdng

Drag a device driver to the left to add a board to the system,
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Buwéc 7: Khoi tao phan mém Code Composer Studio va két ndi véi Board nap code
cho TMS320F2812 sau khi dd ndi cong giao tiép DSP JTAG cua Board nap code
véi cong USB cua may tinh théng qua thiét bj XDS100USB DSP EMULATOR va

cap ngudn cho Board nap code.

File Edit ‘iew Project GEL Option Profile  Tools DSP/BICS  Window Help
B @ E | 4 G g Bredoonts.. _;“ﬁ'ﬁ"igm%ﬁfﬂéw? EYE s | EE|ABAS| 6
AszemblyfSource Stepping 3
Step Into Fi1 5' @ ﬂ . &
Step Over FiDo
' |
@ | ﬁ = Step Out Shift+F11
™ § Files Run FS
™ [+ GEL files Halt Shift+FS
o | | 8 Prolexts Animate Al+FS
& Run Free Ctr+FS
™ Low Power Run Ctrl+Shift+FS SETC
‘{_}l Run ko Cursar Chr+F10 CLEC
Sek PC ko Cursor Chrl+-shift+F10 o MO
- Restart Chrl+Shift+FS CLEC
Go Main Chrl+M SPM
* Multiple Operation... SUB
Z W _
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= Reset CPU Ctrl+R
% Reset Emulator Chrl+Shift+R
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Hinh 3.44. Thyc hién léch két ndi voi Board nap code cho TMS320F2812

Hinh 3.45. Két ndi may tinh PC véi Board nap code cho TMS320F2812
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Buwéc 8: Thuc hién Iénh tao code cho mé hinh, chwong trinh s& ty chuyén tir md
hinh Simulink sang ma chuong trinh ngén ngt C cho TMS320F2812, dich ma
ngudn va ty dong nap vao b nhé cua TMS320F2812.

File Edit View Simulation Format I!! Help

nEE=A == Sirmulink. Debuager... 7 [Nomal - & = &
Model Advisor. .,
Madel Dependencies »

Fized-Paint Tool..,
Lookup Table Editar. ..
Define Data Classes. .,

Bus Editor...
12:34 > Profiler
Digital Cladk : Coverage Settings
atal Elo Gaini Target Preferences

Requirements 3
Design Werifier 3

s Inspect Lagged Signals. ..
Signal & Scope Manager. ..

LalET]
P va puls
-
»lur C281x

¥
5

= 1
External Mode Control Panel... i Ctrl+B z
BOEY bl Design 3 ) ab wb pulst
Parameter Estimation. .. qlim y Iz
- ; WE P
Response Cptimization, . dg-+ab'
PN
P-{ulC  puls2
xPiC Target Explorer nitation

Cade Generation Report »
Werification Wizards » SVPh

Repart Generator ... ectphase

HOL Code Generation » l

Compare Simulink XML Files...

Data Cbject Wizard

ELL
Simulink. Code Inspector... dq

SystemTest »

MPlay Yideo Viewer

Run on Target Hardware: 3 . ;
y Discrete- Time Gain

QEF Integratar

Hinh 3.46. Thuc hién Iénh tao code 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 dd cao

0.4 / l
0.2 l \
Sl
z » \
\
\

huc [m]

-0.4

\

\
\
\
\
\

-0.6

08y 1 2 3 4 5 6 7 8 9 10 11

Time [s]

a) Vi tri dat

0.00003

0.00002

0.00001

oL L L

-0.00001

Sai lech vi tri [m]

-0.00002

-0.000030
Time [s]

b) Sai léch vi tri
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Van toc [m/s]
o

[
1
U L | L
3 1 2 3 4 5 6 7 8 9 10

Time [s]
¢). Pap ting van téc
Hinh 4.1. Thir nghiém & téc do cao

4.1.2. Thir nghiém é téc o thap

0.35

0.3

w \

0.15

Vi tri [m]

o/ \

-0.05

0 5 10 15 20 25 30 35
Time [s]

a) Vi tri dat



Sai lech vi tri [m]

-0.000001
-0.000002
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-0. 4
0.000004;

4.1.3.
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0.000006

0.000005

0.000004

0.000003 4

0.000002

0.000001

0

Time [s]
b) Sai léch vi tri

0.04

30

35

40

0.03
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0.01

Van toc [m/s]

-0.01

-0.02
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0.045 5 10 15 20 25
Time [s]

¢)Pép &ng van téc

30

Hinh 4.2. Thtr nghiém ¢ tc do thap

Thir nghiém véi quy dao dits =0,2t

35

40



Sai lech vi tri [m]
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0.5
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a) Quy dao thuc
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b) Sai Iéch quy dao
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0.25
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0.15 /

Van toc [m/s]
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—

0.05

0 0.5 1 15 2 25
Time [s]

¢) Pap ting van téc

Hinh 4.3. Thir nghiém véi quy dao dat s =0.2t

4.1.4. Thir nghiém véi quy dao dit la hinh sin x=0,6sin3t
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o A

0:000002 r\\ / \ ﬂ '\ J

0.000001 \ l \ / \ !
1\ J \ /

-0.000001 \\ ; \ " \ j

oo \/ / \/

Sai lech vi tri [m]

\_/ N NS
-0.000004, 1 2 3 4 5 6
Time [s]

b) Sai léch quy dao

N
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—
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\\
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— sl
e
\\
\\
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— /
—
— ]
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\\
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e
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N
w
N
[63]
[«

Time [s]

¢) Bap ttng van téc
Hinh 4.4. Thtr 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 niing lam viéc cia hé thong.
Hé thong da dugc thir nghiém véi cac quy dao dat va van tée chuyén dong nhanh
cham khac nhau dé danh gia mirc d6 bam vi tri cia hé théng. Cuyu thé:
-Khi thir nghiém hé théng tir vi tri 0 d&é vi tri 0.6m, dung, rdi dao chiéu

chuyén dong dén vi tri -0.6m véi toe do 2,4 m/s, két qua bam vi tri dat véi sai s6 1a
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2,4.10° m. Két qua nay chung t6 kha nang bam vi tri chinh x4c cua hé théng & téc

do cao.

- Khi thir nghiém hé théng tir vi tri 0 dén vi tri 0.3m, ding, roi dao chiéu
chuyén dong tro lai vi tri ban dau (vi tri 0) véi toe do thap v=0.03 m/s, két qua bam
vi tri dat voi sai s 13 5,5.10° m. Két qua nay chiing to kha ning bam vi tri chinh

xé4c cua hé thdng & tdc @6 thap véi sai b nho hon & tée do cao.

- Khi thir nghiém hé thong véi quy dao dit 1a x =0,2.t, chuyén dong tir vi tri
0 ban dau dén vj tri 0,6m, hé théng da bam chinh xac quy dao dat véi sai s6 1.10
®m, vai van téc khong ddi 1a 0,2 m/s. Két qua nay ciing khing dinh khi niang bam vi

tri chinh xac cia hé théng theo quy dao dit 1a duong thang.

- Khi thir nghiém véi quy dao dit 1a hinh sin x=0,6sin3t, hé théng da bam
theo quy dao dit vai sai s6 vi tri 14 4.10° m . Két qua nay ciing khing dinh khi ning

bam vi tri chinh xac cua hé théng theo quy dao dat 1a hinh sin.

Cac thir nghiém trén di khang dinh kha ning bam vi tri chinh xac caa hé
théng & cac quy dao dat khac nhau.
4.2.2. Két luan

Véi muc tiéu nghién ctu thiét ké va ché tao hé thong xac dinh chinh xéac vi
tri ctia dong co tuyén tinh trong céc hé théng chuyén dong thang , dé tai da dat duoc
nhitng két qua sau:

- Thét ké va ché tao phan ciing cua hé thdng trén co s& st dung DSP
TMS320F2812.

- P @& xuat phuong phap diéu khién phi tuyén Backstepping va bo diéu
khién PID mo dé thiét ké bo diéu khién cho hé théng.

- Thiét ké duoc phan mém diéu khién hé théng trén co sé &p dung phan mém
MatLab/Simulink va code composer Studio dé tao code nap vao DSP TMS 320
F2812.
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Cac két qua cua dé tai da dugc cong bd thong qua 01 bai bao ding tai tap chi khoa
hoc va céng nghé dai hoc Thai Nguyén, huéng dan thanh cong 02 hoc vién cao hoc

tai trrong dai hoc K¥ thuat Cong nghiép Thai Nguyén.
4.2.3. Kién nghi

Trién khai nhan rong véi cac dong co tuyén tinh khac, nhu déng co tuyén
tinh khong dong bo, dong co tuyén tinh kiéu dong co budc véi cac cong suat khac

nhau va &p dung cac hé théng do6 vao thyc té san xuét.

Tiép tyc phat trién dé tai theo hudng nghién ctu va &p dung cac phuong

phap diéu khién méi dé nang cao hon nira d6 chinh xac bam vi tri caa hé thng.

Tiép tuc nghién cau vé ly thuyét hidu tmg dau cudi (end effect) dé bo sung
VAo cau tric diéu khién , qua d6 nang cao hon nita chat lugng cua hé thong va nang
cao kha niang ap dung cua hé thong trong cac may cong nghiép, robot yéu caud do

chinh xéc cao trong diéu khién vj tri.
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PHU LUC
A) THAM SO THU NGHIEM HE THONG

% Machine parameters
Rr =0.0264;

Rs =0.0107;

Lm =0.0163;

Lrs = 0.0005;

Lss = 0.0003;
Lr=Lrs+Lm:;
Ls=1Lss+Lm:;

Ts = Ls/Rs;

Tr = Lr/Rr;

p=2;

J =150;

Lrd =Lr;

Lrg =Lr;

Psip = 10;

k2 =1;

kl=1;

Trq = Lrg/Rr;

Trd = Lrd/Rr;

% Auxilary variables
sm = 1-Lm*Lm/Ls/Lr;
a =21/sm/Tr + (1-sm)/sm/Ts;
Tsm = 1/a;

b = (1-sm)/sm;

c =1/(sm*Lr);
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d =b/Lm;
e =Db/Ts;
Td = Ld/Rd;

sigma = 1-Lm*Lm/Ls/Lr;
% Control parameters
fc = 2500;

Vdc0 = 1000;

T = 1/fc;

fpuls = 5000;

Tpuls = 1/fpuls;

pi = 3.14;

to =0.02;

f=1;

kl1=2;

kl2 =2;

B) CODE CHUONG TRIiNH PIEU KHIEN

/I FILE: DSP281x_Adc.c

#include "DSP281x_Device.h" // DSP281x Headerfile Include File
#include "DSP281x_Examples.h" // DSP281x Examples Include File
#define ADC_usDELAY 8000L

#define ADC_usDELAY?2 20L

void InitAdc(void)

{

extern void DSP28x_usDelay(Uint32 Count);
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AdcRegs.ADCTRL3.bit. ADCBGRFDN = 0x3;

DELAY_US(ADC_usDELAY); AdcRegs.ADCTRL3.bit. ADCPWDN
=1; // Power up rest of ADC
DELAY_US(ADC_usDELAY?2); /l Delay after powering up ADC

// FILE: DSP281x CodeStartBranch.asm

WD DISABLE .set 1
.ref ¢ int0O0

.sect '"codestart"
code start:

JAf WD_DISABL == 1
LB wd disable
.else
LB ¢ int00
.endif
.if WD_DISABL == 1
. text
wd disable:
SETC OBJMODE
EALLOW

MOVZ DP, #7029h>>6 ;Set data page for WDCR register
MOV @7029h, #0068h ;Set WDDIS bit in WDCR to disable WD
EDIS
LB ¢ int00

.endif

.end

// FILE: DSP28lx CpuTimers.c

#include "DSP281x Device.h" // DSP281x Headerfile Include
File

#include "DSP281x Examples.h"

struct CPUTIMER VARS CpuTimer0;

struct CPUTIMER VARS CpuTimerl;

struct CPUTIMER VARS CpuTimerZ2Z;

void InitCpuTimers (void)

{
CpuTimer0.RegsAddr = &CpuTimer(ORegs;
CpuTimerORegs.PRD.all = OxFFEFFFFFEF;
CpuTimerORegs.TPR.all = 0;
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CpuTimerORegs.TPRH.all = 0;
CpuTimerORegs.TCR.bit.TSS = 1;
CpuTimerORegs.TCR.bit.TRB 1;
CpuTimer0.InterruptCount = 0;
CpuTimerl.RegsAddr = &CpuTimerlRegs;
CpuTimer?2.RegsAddr = &CpuTimer2Regs;
CpuTimerlRegs.PRD.all = OxEFFFFFFFE;
CpuTimer2Regs.PRD.all = OxFFEFFFFFE;
CpuTimerlRegs.TCR.bit.TSS = 1;
CpuTimer2Regs.TCR.bit.TSS = 1;
CpuTimerlRegs.TCR.bit.TRB = 1;
CpuTimer2Regs.TCR.bit.TRB = 1;
CpuTimerl.InterruptCount = 0;
CpuTimer2.InterruptCount = 0;

}

void ConfigCpuTimer (struct CPUTIMER VARS *Timer,

float Period)

{
Uint32 temp;
Timer->CPUFreqInMHz
Timer->PeriodInUSec = Period;
temp = (long) (Freq * Period);
Timer->RegsAddr->PRD.all = temp;
Timer->RegsAddr->TPR.all = 0
Timer->RegsAddr->TPRH.all
Timer->RegsAddr->TCR.bit.
Timer->RegsAddr->TCR.bit.
Timer->RegsAddr->TCR.bit.
Timer->RegsAddr->TCR.bit.
Timer->RegsAddr->TCR.bit.TIE = 1;
Timer->InterruptCount = 0;

Freqg;

// FILE: DSP281x GlobalVariableDefs.c
#include "DSP281lx Device.h"

#ifdef  cplusplus

#pragma DATA SECTION ("AdcRegsFile")

#else

#pragma DATA SECTION (AdcRegs, "AdcRegsFile");
#endif

volatile struct ADC REGS AdcRegs;

#ifdef  cplusplus
fpragma DATA SECTION ("CpuTimerORegsFile")
#else

float Freq,

#pragma DATA SECTION (CpuTimerORegs, "CpuTimerORegsFile");

#endif
volatile struct CPUTIMER REGS CpuTimerORegs;

fpragma DATA SECTION (CpuTimerlRegs, "CpuTimerlRegsFile");
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volatile struct CPUTIMER REGS CpuTimerlRegs;

#pragma DATA SECTION (CpuTimer2Regs, "CpuTimer2RegsFile");
volatile struct CPUTIMER REGS CpuTimer2Regs;

#ifdef  cplusplus

#pragma DATA SECTION ("ECanaRegsFile")

#telse

#pragma DATA SECTION (ECanaRegs, "ECanaRegsFile");
#endif

volatile struct ECAN REGS ECanaRegs;

#ifdef  cplusplus

#pragma DATA_SECTION("ECanaMboxesFile")

felse

ffpragma DATA SECTION (ECanaMboxes, "ECanaMboxesFile");
#endif

volatile struct ECAN MBOXES ECanaMboxes;

#ifdef  cplusplus

#pragma DATA SECTION ("ECanaLAMRegsFile'")

felse

#pragma DATA SECTION (ECanalAMRegs, "ECanaLAMRegsFile");
#endif

volatile struct LAM REGS ECanaLAMRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("ECanaMOTSRegsFile")

#else

#pragma DATA SECTION (ECanaMOTSRegs, "ECanaMOTSRegsFile");
#endif

volatile struct MOTS REGS ECanaMOTSRegs;

#ifdef cplusplus

#pragma DATA SECTION ("ECanaMOTORegsFile")

#else

#pragma DATA SECTION (ECanaMOTORegs, "ECanaMOTORegsFile");
#endif

volatile struct MOTO REGS ECanaMOTORegs;

#ifdef cplusplus
#pragma_ﬁATA_SECTION("EvaRegsFile")

felse

#pragma DATA SECTION (EvaRegs, "EvaRegsFile");

#endif

volatile struct EVA REGS EvaRegs;

#ifdef cplusplus

#pragma DATA SECTION ("EvbRegsFile")

felse

#pragma DATA SECTION (EvbRegs, "EvbRegsFile") ;

#endif

volatile struct EVB REGS EvbRegs;

#ifdef cplusplus
#pragma_BATA_SECTION("GpioDataRegsFile")

#else

fpragma DATA SECTION (GpioDataRegs, "GpioDataRegsFile");
#endif

volatile struct GPIO DATA REGS GpioDataRegs;
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#ifdef  cplusplus

#pragma DATA SECTION ("GpioMuxRegsFile™)

#telse

#pragma DATA SECTION (GpioMuxRegs, "GpioMuxRegsFile");
#endif

volatile struct GPIO MUX REGS GpioMuxRegs;

#ifdef  cplusplus

tpragma DATA SECTION ("McbspaRegsFile")

#telse

#pragma DATA SECTION (McbspaRegs, "McbspaRegsFile") ;
#endif

volatile struct MCBSP REGS McbspaRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("PieCtrlRegsFile")

#else

#pragma DATA SECTION (PieCtrlRegs, "PieCtrlRegsFile");
#endif

volatile struct PIE CTRL REGS PieCtrlRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("PieVectTableFile")

#else

#pragma DATA SECTION (PieVectTable, "PieVectTableFile");
#endif

struct PIE VECT TABLE PieVectTable;

#ifdef  cplusplus

#pragma DATA SECTION ("SciaRegsFile")

#else

#pragma DATA SECTION (SciaRegs, "SciaRegsFile");
#endif

volatile struct SCI REGS SciaRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("ScibRegsFile")

felse

#pragma DATA SECTION (ScibRegs, "ScibRegsFile") ;
#endif

volatile struct SCI _REGS ScibRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("SpiaRegsFile")

felse

#pragma DATA SECTION (SpiaRegs, "SpiaRegsFile");
#endif

volatile struct SPI REGS SpiaRegs;

#ifdef  cplusplus
#pragma DATA SECTION ("SysCtrlRegsFile")
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#else

#pragma DATA SECTION (SysCtrlRegs, "SysCtrlRegsFile");
#endif

volatile struct SYS CTRL REGS SysCtrlRegs;

#ifdef  cplusplus

ftpragma DATA SECTION ("DevEmuRegsFile")

#telse

#pragma DATA_SECTION(DevEmuRegs,"DevEmuRegsFile");
#endif

volatile struct DEV EMU REGS DevEmuRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("CsmRegsFile")

#else

#pragma DATA SECTION (CsmRegs, "CsmRegsFile");
#endif

volatile struct CSM REGS CsmRegs;

#ifdef  cplusplus

#pragma DATA SECTION ("CsmPwlFile")

#else

#pragma DATA SECTION (CsmPwl, "CsmPwlFile");
#endif

volatile struct CSM PWL CsmPwl;

#ifdef  cplusplus

#pragma DATA SECTION ("FlashRegsFile")

#else

fpragma DATA SECTION (FlashRegs, "FlashRegsFile");
#endif

volatile struct FLASH REGS FlashRegs;

#if DSP28 F2812

#ifdef cplusplus
#pragma_BATA_SECTION("XintfRegsFile")

#else

#pragma DATA SECTION (XintfRegs, "XintfRegsFile");
#endif

volatile struct XINTEF REGS XintfRegs;

#endif

#ifdef  cplusplus
fpragma DATA SECTION ("XIntruptRegsFile")



#else

#pragma DATA SECTION (XIntruptRegs, "XIntruptRegsFile");

#endif
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volatile struct XINTRUPT REGS XIntruptRegs;

// The following are provided to support alternate notation
// that was used 1in an early version of the header files

#define ADCRegs AdcRegs
#define CPUTimerORegs CpuTimerORegs
#define CPUTimerlRegs CpuTimerlRegs
#define CPUTimer2Regs CpuTimer2Regs
#define ECANARegs ECanaRegs
#define ECANAMboxes ECanaMboxes
#define EVARegs EvaRegs
#define GPIODataRegs GpioDataRegs
#define GPIOMuxRegs GpioMuxRegs
#define MCBSPARegs McbspaRegs
#define PIECtrlRegs PieCtrlRegs
#define PIEVectTable PieVectTable
#define SCIARegs SciaRegs
#define SCIBRegs ScibRegs
#define SYSCtrlRegs SysCtrlRegs
#define DEVEmuRegs DevEmuRegs
#define CSMRegs CsmRegs
#define CSMPwl CsmPwl
#define FLASHRegs FlashRegs
#define XINTFRegs XintfRegs
#define XINTRUPTRegs XIntruptRegs
/Il FILE: DSP281x_MemCopy.c

#include ""DSP281x_Device.n"
void MemCopy(Uintl6 *SourceAddr, Uintl6* SourceEndAddr, Uint16* DestAddr)

{
while(SourceAddr < SourceEndAddr)

{
*DestAddr++ = *SourceAddr++;

}

return;
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}
/Il FILE: DSP281x_PieCtrl.c

#include ""DSP281x_Device.h' /I DSP281x Headerfile Include File

#include ""DSP281x_Examples.n™ // DSP281x Examples Include File

void InitPieCtrl(void)

{

DINT;

PieCtrIRegs.PIECRTL.bit.ENPIE = 0;
PieCtrIRegs.PIEIER1.all = 0;
PieCtrlRegs.PIEIER2.all = 0;
PieCtrIRegs.PIEIER3.all = 0;
PieCtrIRegs.PIEIER4.all = 0;
PieCtrIRegs.PIEIERS5.all = 0;
PieCtrlRegs.PIEIER6.all = 0;
PieCtrlRegs.PIEIER7.all = 0;
PieCtrIRegs.PIEIERS8.all = 0;
PieCtrIRegs.PIEIERY.all = 0;
PieCtrIRegs.PIEIER10.all = 0;
PieCtrIRegs.PIEIER11.all = 0;
PieCtrIRegs.PIEIER12.all = 0;
PieCtrIRegs.PIEIFR1.all = 0;
PieCtrIRegs.PIEIFR2.all = 0;
PieCtrIRegs.PIEIFR3.all = 0;
PieCtrIRegs.PIEIFR4.all = 0;
PieCtrlRegs.PIEIFR5.all = 0;

PieCtrlRegs.PIEIFR6.all = 0;
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PieCtrIRegs.PIEIFR7.all = 0;
PieCtrIRegs.PIEIFR8.all = 0;
PieCtrIRegs.PIEIFR9.all = 0;
PieCtrIRegs.PIEIFR10.all = 0;
PieCtrIRegs.PIEIFR11.all = 0;
PieCtrIRegs.PIEIFR12.all = 0;

}

void Enablelnterrupts()

{
PieCtrIRegs.PIECRTL.bit.ENPIE = 1,

PieCtrIRegs.PIEACK .all = OXFFFF;

EINT;

}
/Il FILE: DSP281x_PieVect.c

#include ""DSP281x_Device.h' /I DSP281x Headerfile Include File
#include "DSP281x_Examples.h™ // DSP281x Examples Include File

const struct PIE_VECT_TABLE PieVectTablelnit = { PIE_RESERVED,
PIE_RESERVED, PIE_RESERVED, PIE_RESERVED, PIE_RESERVED,

PIE_RESERVED, PIE_RESERVED, PIE_RESERVED, PIE_RESERVED,
PIE_RESERVED, PIE_RESERVED, PIE_RESERVED, PIE_RESERVED,
INT13_ISR, INT14_ISR, DATALOG_ISR, RTOSINT_ISR, EMUINT_ISR,
NMI_ISR, ILLEGAL_ISR, USER1_ISR, USERZ_ISR, USER3_ISR, USER4_ISR,
USERS5_ISR, USER6_ISR, USER7_ISR, USERS8_ISR, USER9_ISR,
USER10_ISR, USER11_ISR, USER12_ISR, PDPINTA_ISR, PDPINTB_ISR,
rsvd_ISR,XINT1_ISR, XINT2_ISR,ADCINT_ISR, TINTO_ISR, WAKEINT_ISR,
CMPI1INT_ISR, CMP2INT_ISR, CMP3INT_ISR, TIPINT_ISR, T1CINT_ISR,
TIUFINT_ISR, T1OFINT_ISR, rsvd_ISR,T2PINT_ISR, T2CINT_ISR,
T2UFINT_ISR, T20FINT_ISR, CAPINT1_ISR, CAPINT2_ISR, CAPINT3_ISR,
rsvd_ISR,CMP4INT_ISR, CMP5INT_ISR, CMP6INT_ISR, T3PINT_ISR,
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T3CINT_ISR, T3UFINT_ISR, T30FINT ISR, rsvd_ISR,

TAPINT_ISR, TACINT_ISR, TAUFINT_ISR, T4OFINT_ISR, CAPINT4_ISR,
CAPINT5_ISR, CAPINT6_ISR, rsvd_ISR, SPIRXINTA_ISR, SPITXINTA_ISR,
rsvd_ISR,rsvd_ISR,MRINTA ISR, MXINTA ISR, rsvd_ISR,rsvd_ISR,rsvd_ISR,
rsvd_ISR, rsvd ISR, rsvd ISR, rsvd ISR, rsvd ISR, rsvd ISR, rsvd_ISR,
rsvd_ISR,rsvd_ISR,rsvd_ISR,rsvd_ISR,rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR,
SCIRXINTA_ISR, SCITXINTA_ISR, SCIRXINTB_ISR, SCITXINTB_ISR,
ECANOINTA_ISR, ECAN1INTA_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR,
rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR,
rsvd_ISR, rsvd ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR, rsvd_ISR,
rsvd_ISR, rsvd ISR, rsvd ISR, rsvd ISR, rsvd ISR, rsvd ISR, rsvd ISR };

void InitPieVectTable(void)

{
intle i;
Uint32 *Source = (void *) &PieVectTablelnit;
Uint32 *Dest = (void *) &PieVectTable;
EALLOW,;
for(i=0; i < 128; i++)
*Dest++ = *Source++;
EDIS;
PieCtrIRegs.PIECRTL.bit.ENPIE = 1;
}

/I FILE: DSP281x_SysCtrl.c

#include ""DSP281x_Device.h* /I DSP281x Headerfile Include File
#include ""DSP281x_Examples.h™ // DSP281x Examples Include File
#pragma CODE_SECTION(InitFlash, "ramfuncs™);

void InitSysCtrl(void)
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DisableDog();
InitPII(0xA);
InitPeripheralClocks();

}

void InitFlash(void)

{
EALLOW,
FlashRegs.FOPT.bit.ENPIPE = 1;
FlashRegs.FBANKWAIT.bit. RANDWAIT = 5;
FlashRegs.FBANKWAIT.bit. PAGEWAIT =5;
FlashRegs.FSTDBYWAIT.bit. STDBYWAIT = 0x01FF;
FlashRegs.FACTIVEWAIT.bit ACTIVEWAIT = 0x01FF;
EDIS;

asm(" RPT #7 || NOP");

}
void KickDog(void)

{
EALLOW;
SysCtrIRegs. WDKEY = 0x0055;
SysCtrIRegs.WDKEY = 0x00AA;
EDIS;

}

void DisableDog(void)

{
EALLOW;
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SysCtrIRegs.WDCR= 0x0068;
EDIS;

}

void InitPIl(Uint16 val)
{
volatile Uint16 iVol;
if (SysCtrIRegs.PLLCR.bit.DIV !=val)
{
EALLOW,;
SysCtriRegs.PLLCR.bit.DIV = val;
EDIS;

DisableDog();

for(iVol=0; iVol< ( (131072/2)/12); iVol++)
{
}

void InitPeripheralClocks(void)

{
EALLOW,
SysCtrIRegs.HISPCP.all = 0x0001;
SysCtriRegs.LOSPCP.all = 0x0002;
SysCtrIRegs.PCLKCR.bit. EVAENCLK=1;

SysCtrIRegs.PCLKCR.bit. EVBENCLK=1;
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SysCtrIiRegs.PCLKCR.bit. SCIAENCLK=1;
SysCtrIRegs.PCLKCR.bit.SCIBENCLK=1;
SysCtrIRegs.PCLKCR.bit. MCBSPENCLK=1;
SysCtrIiRegs.PCLKCR.bit.SPIENCLK=1;
SysCtriRegs.PCLKCR.bit. ECANENCLK=1;
SysCtrIRegs.PCLKCR.bit. ADCENCLK=1;
EDIS;

}

#define STATUS_FAIL 0

#define STATUS_SUCCESS 1

Uintl6 CsmUnlock()

{
volatile Uintl16 temp;
EALLOW,;
CsmRegs.KEYO0 = OXFFFF;
CsmRegs.KEY1 = OxFFFF;
CsmRegs.KEY2 = OxFFFF;
CsmRegs.KEY3 = OXFFFF;
CsmRegs.KEY4 = OxFFFF;
CsmRegs.KEY5 = OxFFFF;
CsmRegs.KEY6 = OxFFFF;
CsmRegs.KEY7 = OXFFFF;
EDIS;
temp = CsmPwl.PSWDO;
temp = CsmPwl.PSWD1;

temp = CsmPwl.PSWD?2;
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temp = CsmPwl.PSWD3;
temp = CsmPwl.PSWD4;
temp = CsmPwl.PSWD5;
temp = CsmPwl.PSWDE6;

temp = CsmPwl.PSWD7;

if (CsmRegs.CSMSCR.bit.SECURE == 0) return STATUS_SUCCESS;

else return STATUS_FAIL;

}

// FILE: DSP28lx usDelay.asm
.def DSP28x usDelay
.sect "ramfuncs"
.global  DSP28x usDelay
_DSP28x usDelay:
SUB ACC, #1
BF _DSP28x usDelay, GEQ
LRETR
#include ""DSP281x_Device.h"
#include ""DSP281x_GlobalPrototypes.h™
#include "'rtwtypes.h"
#include ""tuyen2.h™

#include "'tuyen2_private.h"

void rt_OneStep(void);

void config_schedulerTimer(void)

{
InitCpuTimers();

;; Loop 1if ACC >= 0

ConfigCpuTimer(&CpuTimer0, 150, 0.001 * 1000000);

StartCpuTimer0();

}
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void disableWatchdog(void)
{
int *WatchdogWDCR = (void *) 0x7029;
asm("* EALLOW *);
*WatchdogWDCR = 0x0068;
asm(*" EDIS ");
}
void config_ ADC_A(uintl6_T maxConv, uintl6_T adcChselSEQ1Reg, uintlé T
adcChselSEQ2Reg, uintl6_T adcChselSEQ3Reg, uintl6 T

adcChselSEQ4Reg)

AdcRegs. ADCTRL1.bit. SUSMOD = 0x0; /* Emulation suspend ignored*/
AdcRegs. ADCTRL1.bit ACQ _PS=12; /* Acquisition window size*/
AdcRegs. ADCTRL1.bit.CPS = 0; /* Core clock pre-scaler*/

AdcRegs. ADCTRL1.bit. CONT_RUN = 0x0; /* Start-Stop sequencer mode*/

AdcRegs.ADCTRL3.bit ADCBGRFDN = 0x3;
AdcRegs.ADCTRL3.bit ADCCLKPS =6; /* Core clock divider*/

AdcRegs. ADCTRL3.bit. SMODE_SEL =0; /* Sequential sampling*/

AdcRegs. ADCMAXCONV.bitt MAX_CONV1 = maxConv;/* Number of conversions
in CONV1 when using A and ""A and B** module*/

AdcRegs. ADCCHSELSEQL1.all = adcChselSEQ1Reg;/* Channels for conversion*/
AdcRegs.ADCCHSELSEQ2.all = adcChselSEQ2Reg;/* Channels for conversion*/
AdcRegs. ADCTRL1.bit.SEQ_CASC =0; /* Dual sequencer mode*/
}
void config_ PWM_A(uintl6_T timerPeriod, uintl6_T waveformType,
uintl6_T unitlStatus, char* unitlSource, uintl6_T unitlValue,

uintl6_T unit2Status, char* unit2Source, uintl6_T unit2Value,
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uintl6_T unit3Status, char* unit3Source, uintl6_T unit3Value,
uintl6_T controlLogic,

uintl6_T enableDeadbandl, uintl6_T enableDeadband?2, uintl6 T
enableDeadband3,

uintl6_T deadbandPrescaler, uintl6 T deadbandPeriod, uintlé T

timerToADC, uintl6_T preScaler)

{
const uintl6_ T DISABLED=0;
EvaRegs. T1PR = timerPeriod; I* period*/
EvaRegs. TICNT = 0x0000; [* counter*/
EvaRegs. TICON.all = 0x1042; /* enable; compare enable; default TMODE */

EvaRegs. TICON.bit TMODE = waveformType;/* adjust Timer TMODE*/
EvaRegs. TLICON.bit. TPS = preScaler; /* Input clock prescaler*/
EvaRegs.GPTCONA.bit. TI'TOADC = timerToADC;

EvaRegs.CMPR1 = unitlStatus ? unitlValue : DISABLED;
EvaRegs.CMPR2 = unit2Status ? unit2Value : DISABLED;

EvaRegs.CMPR3 = unit3Status ? unit3Value : DISABLED;

EvaRegs. ACTRA.all = controlLogic;
EvaRegs.DBTCONA.bit.EDBT1 = enableDeadband1;
EvaRegs.DBTCONA.bit.EDBT2 = enableDeadband?;
EvaRegs.DBTCONA.bit. EDBT3 = enableDeadbands3;
EvaRegs.DBTCONA.bit.DBT = deadbandPeriod,;
EvaRegs.DBTCONA.bit.DBTPS = deadbandPrescaler;

EvaRegs. COMCONA .all = 0xA600;
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void config_ QEP_A(uint16_T initialCount, uintl6_T period, uintl6_T geplndex,
uintl6_T geplndexQual)
{
EvaRegs. T2CNT = initialCount;
EvaRegs. T2CON.all = 0x1070;
EALLOW,;
GpioMuxRegs.GPAMUX.all |= 0x0300;
if (gepIndex ==1) {

GpioMuxRegs.GPAMUX.all |= 0x0400; /* 1/0O Mux Control Register GPAMUX:
Bit 10 Bit as QEP Index*/

EvaRegs.EXTCONA.bit.QEPIE = 1;
if (gepIndexQual ==1) {

EvaRegs.EXTCONA.bit. QEPIQUAL = 1;/* CAP3_QEPI1 Index Qualification
Mode*/

}
}

EDIS;

EvaRegs.CAPCONA.all |= 0xEOQQ0; /* Enable QEP circuit. Disable Capture
Units 1/2 and 3*/

}

interrupt void schedulerTimer_ISR(void)

{
volatile unsigned int PIEIER1_stack save = PieCtrIRegs.PIEIER1.all;

PieCtrIRegs.PIEIER1.all &= ~64;
asm(*" RPT #5 || NOP™); [*wait 5 cycles */

IFR &= ~1;
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PieCtrIRegs.PIEACK.all = 1;
IER |= 1;
EINT; /*global interrupt enable*/
rt_OneStep();
DINT;
PieCtrIRegs.PIEIER1.all = PIEIER1_stack save;/*restore PIEIER register that was
modified*/
}
void enable_interrupts()
{
EALLOW,;
PieVectTable. TINTO = &schedulerTimer_ISR;/* Hook interrupt to the ISR*/
EDIS;

PieCtrIRegs.PIEIER1.bit.INTx7 = 1; /* Enable TINTO in the PIE: Group 1

interrupt 7*/

IER |= M_INTZ; /* Enable Global INT1 (CPU INT1)*/
EINT; /* Enable Global interrupt INTM*/
ERTM,; /* Enable Global realtime interrupt DBGM*/

void disable_interrupts()

{
IER &= M _INT1; [* Disable Global INT1 (CPU Interrupt Group 1) */

DINT; /* Disable Global interrupt INTM*/

}

void init_board ()
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{
DisableDog();

InitPII(10);

InitPeripheralClocks();

XintfRegs. XINTCNF2.bit XTIMCLK = 0; /* XTIMCLK=SYSCLKOUT/1*/
XintfRegs.XINTCNF2.bit. CLKOFF = 0; /* XCLKOUT is enabled*/
XintfRegs.XINTCNF2.bit. CLKMODE = 0; /* XCLKOUT = XTIMCLK¥*/
while (XintfRegs.XINTCNF2.bit WLEVEL != 0) ;/* poll the WLEVEL bit*/
XintfRegs. XINTCNF2.bit WRBUFF = 0; /* No write buffering*/
XintfRegs.XBANK.bit.BCYC = 7; /* Add 7 cycles*/
XintfRegs.XBANK.bit.BANK = 7; /* select zone 7*/
XintfRegs.XTIMINGO.bit. X2TIMING = 0; /* Timing scale factor = 1*/
XintfRegs.XTIMINGO.bit. XSIZE = 3; /* Always write as 11b*/
XintfRegs.XTIMINGO.bit. READYMODE = 1;/* XREADY is asynchronous*/
XintfRegs.XTIMINGO.bit. USEREADY = 0; /* Disable XREADY*/
XintfRegs. XTIMINGO.bit. XRDLEAD = 1; /* Read lead time*/
XintfRegs.XTIMINGO.bit. XRDACTIVE = 2;/* Read active time*/
XintfRegs. XTIMINGO.bit. XRDTRAIL = 0; /* Read trail time*/
XintfRegs. XTIMINGO.bit X\WRLEAD = 1; /* Write lead time*/

XintfRegs. XTIMINGO.bit. XWRACTIVE = 2;/* Write active time*/
XintfRegs. XTIMINGO.bit. X\WRTRAIL = 0; /* Write trail time*/
XintfRegs. XTIMINGL1.bit. X2TIMING = 0; /* Timing scale factor = 1*/
XintfRegs. XTIMINGL1.bit. XSIZE = 3; /* Always write as 11b*/
XintfRegs.XTIMINGL1.bit. READYMODE = 1;/* XREADY is asynchronous*/
XintfRegs.XTIMINGL1.bit. USEREADY = 0; /* Disable XREADY*/

XintfRegs. XTIMINGL1.bit. XRDLEAD = 1; /* Read lead time*/
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XintfRegs. XTIMINGL1.bit. XRDACTIVE = 2;/* Read active time*/
XintfRegs. XTIMINGL1.bit. XRDTRAIL = 0; /* Read trail time*/
XintfRegs. XTIMINGL1.bit XWRLEAD = 1; /* Write lead time*/
XintfRegs. XTIMINGL1.bit. XWRACTIVE = 2;/* Write active time*/
XintfRegs. XTIMINGL1.bit XWRTRAIL = 0; /* Write trail time*/
XintfRegs. XTIMING2.bit. X2TIMING = 0; /* Timing scale factor = 1*/
XintfRegs. XTIMING2.bit.XSIZE = 3; /* Always write as 11b*/
XintfRegs.XTIMING2.bit. READYMODE = 1;/* XREADY is asynchronous*/
XintfRegs. XTIMING2.bit. USEREADY = 0; /* Disable XREADY*/
XintfRegs. XTIMING2.bit. XRDLEAD = 1; /* Read lead time*/
XintfRegs. XTIMING2.bit. XRDACTIVE = 2;/* Read active time*/
XintfRegs. XTIMING2.bit. XRDTRAIL = 0; /* Read trail time*/
XintfRegs. XTIMING2.bit. XWRLEAD = 1; /* Write lead time*/
XintfRegs. XTIMING2.bit XWRACTIVE = 2;/* Write active time*/

XintfRegs. XTIMING2.bit. XWRTRAIL = 0; /* Write trail time*/

XintfRegs. XTIMINGG6.bit. X2TIMING = 0; /* Timing scale factor = 1*/
XintfRegs. XTIMINGG6.bit. XSIZE = 3; /* Always write as 11b*/

XintfRegs. XTIMINGG6.bit. READYMODE = 1;/* XREADY is asynchronous*/
XintfRegs.XTIMINGG6.bit. USEREADY = 0; /* Disable XREADY*/
XintfRegs. XTIMINGG6.bit. XRDLEAD = 1; /* Read lead time*/
XintfRegs. XTIMINGG6.bit. XRDACTIVE = 2;/* Read active time*/
XintfRegs. XTIMINGG6.bit. XRDTRAIL = 0; /* Read trail time*/
XintfRegs. XTIMINGG6.bit. XWRLEAD = 1; /* Write lead time*/
XintfRegs. XTIMINGG6.bit. XWRACTIVE = 2;/* Write active time*/

XintfRegs. XTIMINGG6.bit. XWRTRAIL = 0; /* Write trail time*/
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XintfRegs. XTIMING7.bit. X2TIMING = 0; /* Timing scale factor = 1*/
XintfRegs. XTIMING7.bit.XSIZE = 3; /* Always write as 11b*/
XintfRegs.XTIMING7.bit. READYMODE = 1;/* XREADY is asynchronous*/
XintfRegs.XTIMING7.bit. USEREADY = 0; /* Disable XREADY*/
XintfRegs. XTIMING7.bit. XRDLEAD = 1; /* Read lead time*/
XintfRegs.XTIMING7.bit. XRDACTIVE = 2;/* Read active time*/
XintfRegs. XTIMING7.bit. XRDTRAIL = 0; /* Read trail time*/
XintfRegs. XTIMINGT7.bit XWRLEAD = 1; /* Write lead time*/
XintfRegs. XTIMINGT7.bit. XWRACTIVE = 2;/* Write active time*/
XintfRegs. XTIMING7.bit XWRTRAIL = 0; /* Write trail time*/
asm("' RPT #6 || NOP");
DINT,;
IER = 0x0000;
IFR = 0x0000;
InitPieCtrl();
InitPieVectTable();
InitCpuTimers();
EALLOW,;
GpioMuxRegs.GPAQUAL.bit. QUALPRD = 0;
GpioMuxRegs.GPBQUAL.bit. QUALPRD = 0;
GpioMuxRegs.GPDQUAL.bit. QUALPRD = 0;
GpioMuxRegs.GPEQUAL.bit. QUALPRD = 0;
EDIS;

}

[*

* File: rt_nonfinite.c
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*/
#include "'rt_nonfinite.h"
#include "'rtGetNaN.h"
#include "'rtGetInf.n"
real T rtinf;
real_T rtMinusinf;
real_T rtNaN;
real32_T rtinfF;
real32_T rtMinusInfF;
real32_T rtNaNF;
void rt_InitiInfAndNaN(size_t realSize)
{
(void) (realSize);
rtNaN = rtGetNaN();
rtNaNF = rtGetNaNF();
rtinf = rtGetInf();
rtinfF = rtGetInfF();
rtMinusinf = rtGetMinusInf();
rtMinusiInfF = rtGetMinusInfF();

}

boolean_T rtisinf(real T value)

{

return (boolean_T)((value==rtInf || value==rtMinusInf) ? 1U : 0U);

}

boolean_T rtisinfF(real32_T value)

{
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return (boolean_T)(((value)==rtInfF || (value)==rtMinusInfF) ? 1U : 0U);

}
boolean_T rtisNaN(real T value)
{
return (boolean_T)((value!=value) ? 1U : 0U);
}
boolean_T rtlsNaNF(real32_T value)
{
return (boolean_T)(((value!=value) ? 1U : 0U));
}
/* File: rtGetInf.c

*/
#include "rtGetInf.h"
#define NumBitsPerChar 16U
real T rtGetInf (void)
{
size t bitsPerReal = sizeof(real T) * (NumBitsPerChar);
real T inf = 0.0;
if (bitsPerReal == 32U) {
inf = rtGetInfF ()
} else {
union {
LittleEndianIEEEDouble bitVal;
real T fltVal;
} tmpVal;

tmpVal.bitVal.words.wordH O0x7FF00000U;

tmpVal.bitVal.words.wordL 0x00000000U;

inf = tmpVal.fltVal;



117

return inf;

}

real32 T rtGetInfF (void)

{
IEEESingle infF;
infF.wordL.wordLuint = 0x7F800000U;
return infF.wordL.wordLreal;

}

real T rtGetMinusInf (void)

{

size t bitsPerReal = sizeof(real T) * (NumBitsPerChar);
real T minf = 0.0;
if (bitsPerReal == 320) {

minf = rtGetMinusInfF () ;
} else {
union {
LittleEndianIEEEDouble bitVal;
real T fltval;
} tmpVal;

tmpVal.bitVal.words.wordH OxFFF00000U;

0x00000000U;

tmpVal.bitVal.words.wordL

minf = tmpVal.fltVval;

return minf;

real32 T rtGetMinusInfF (void)

{
IEEESingle minfF;
minfF.wordL.wordLuint = OxFE800000U;

return minfF.wordL.wordLreal;



118

[*
* File: rtGetNaN.c
*/
#include "'rtGetNaN.h"
#define NumBitsPerChar 16U
real_T rtGetNaN(void)
{
size_t bitsPerReal = sizeof(real_T) * (NumBitsPerChar);
real_ T nan =0.0;
if (bitsPerReal == 32U) {
nan = rtGetNaNF();
}else {
union {
LittleEndianlEEEDouble bitVal,
real T fltVval,

} tmpVal;

tmpVal.bitVal.words.wordH = OxFFF80000U;
tmpVal.bitVal.words.wordL = 0x00000000U;

nan = tmpVal.fltVal;

}

return nan;

}
real32_T rtGetNaNF(void)

{
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IEEESingle nanF={{0} };
nanF.wordL.wordLuint = OxFFC00000U;

return nanF.wordL.wordLreal;

J*
* File: tuyenZ.c
*/

#include "tuyen2.h"
#include "tuyen2 private.h"

BlockIO tuyen2 tuyen2 B;
D Work tuyen2 tuyen2 DWork;

RT MODEL tuyen2 tuyenZ2 M ;
RT MODEL tuyen2 *const tuyenZ M = &tuyenZ M ;

void tuyen2 IfActionSubsystem3(real T rtu x, real T
*rty Outl,
rtP IfActionSubsystem3 tuyen2 *localP)
{
*rty Outl = (rtu x - localP->a Value) / (localP->b Value
- localP->a Value);

}

void tuyen2 IfActionSubsystem2 (real T rtu x, real T
*rty Outl,
rtP IfActionSubsystemZ tuyen2 *localP)
{
*rty Outl = 1.0 / (localP->c Value - localP->b Value) *
(localP->c Value -
rtu x);

}

void tuyen2 IfActionSubsystem3 e(real T rtu x, real T
*rty Outl,
rtP IfActionSubsystem3 tuyenZ2 b *localP)
{
*rty Outl = 1.0 / (localP->d Value - localP->c Value) *
(localP->d Value -
rtu x);

}

real T rt powd snf(real T u0, real T ul)
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real T y;
real T tmp;
real T tmp O;

if (rtIsNaN(uO) || rtIsNaN(ul)) {
y = (rtNaN);
} else {

tmp = fabs (u0);
tmp 0 = fabs (ul);
if (rtIsInf (ul)) ¢{
if (tmp == 1.0) {
y = (rtNaN);
} else if (tmp > 1.0) {
if (ul > 0.0) {

y = (rtiInf);
} else {
y = 0.0;

}
} else if (ul > 0.0) {

y = 0.0;
} else {
y = (rtiInf);
}
} else if (tmp 0 == 0.0) {
y = 1.0;
} else if (tmp 0 == 1.0) {
if (ul > 0.0) |
y = u0;
} else {
y = 1.0 / u0;
}

} else if (ul == 2.0) {
y = u0 * u0;

} else if ((ul == 0.5) && (u0 >= 0.0)) {
y = sqrt(ul);

} else if ((u0 < 0.0) && (ul > floor(ul))) {
y = (rtNaN);

} else {

y = pow (ul, ul);

}

return y;

}

real T rt hypotd snf(real T ul0, real T ul)
{

real T y;

real T a;

real T Db;

a = fabs (u0) ;



}

}

}
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b /= a;

y = sqrt(b * b + 1.0) * a;
else if (rtIsNaN(b)) {

y = bi

else {

y = a * 1.4142135623730951;

turn y;

real T rt atan2d snf(real T u0, real T ul)

{
re
in
in
if

}

}

re

al T y;
tle T u;
tle T u O;

(rtIsNaN (u0) || rtIsNaN (ul))

y = (rtNaN) ;

else if (rtIsInf (u0) && rtIsInf (ul))

if (u0 > 0.0) {

u=1;
} else {
u=-1;

}

if (ul > 0.0) {

u0=1;
} else {
u 0 =-1;

}

y = atan2((real T)u, (real T)u 0);

else if (ul == 0.0) {
if (u0 > 0.0) {

y = RT PI / 2.0;
} else if (u0 < 0.0) {

y = -(RT_PI / 2.0);
} else {

y = 0.0;
}
else {

y = atan2 (u0, ul);

turn y;

{

{
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real T rt _roundd snf (real T u)
{
real T y;
if (fabs(u) < 4.503599627370496E+15) {
if (u >= 0.5) {
y = floor(u + 0.5);
} else if (u > -0.5) {
y = -0.0;
} else {
y = ceil(u - 0.5);
}
} else {
y = u;

}

return y;

}

real T rt modd snf(real T u0, real T ul)
{

real T y;
real T tmp;
if (ul == 0.0) {

y = u0;
} else if (! (('rtIsNaN(ul)) && ('rtIsInf(ul)) &&

(('rtIsNaN(ul)) && ('rtIsInf
(ul))))) |

y = (rtNaN);

} else {

tmp = u0 / ul;
if (ul <= floor(ul)) {
y = u0 - floor (tmp) * ul;
} else if (fabs(tmp - rt roundd snf (tmp)) <= DBL EPSILON
* fabs (tmp)) {

y = 0.0;
} else {
y = (tmp - floor (tmp)) * ul;

}
}

return y;

}

/* Model step function */
void tuyen2_ step (void)
{
/* local block i/o variables */
real T rtb Gainj;
real T rtb Merge;
real T rtb Merge b;
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real T rtb Gainl m;
real T rtb Merge f;
real T rtb Merge bc;
real T rtb Merge k;
real T rtb Merge g;
real T rtb Merge bu;
real T rtb Merge m;
real T rtb Fcn 1;

real T rtb Gain h;
real T rtb DirectLookUpTablenD;
real T rtb LrdLrg2pito;
real T rtb LrqLrdZ2pito;
real T rtb PsipLrgZpito;
real T rtb Fcnl g;
real T rtb Trg;

real T rtb TSamp;

real T rtb Suml;

real T rtb Weighting;
real T rtb Weighting o;
real T rtb Product4;
real T rtb Product3;
real T rtb Gain4;

real T rtb Suml e;
real T rtb Diff;

real T rtb Sum oqg;
intle T 1i;

real T rtb UnitDelay2 idx;

tuyen2 B.UnitDelayl = tuyen2 DWork.UnitDelayl DSTATE;

tuyen2 B.UnitDelay?2 tuyen2 DWork.UnitDelay2 DSTATE;
rtb Weighting o =
rt_powd_snf (tuyen2 DWork.UnitDelayl DSTATE, 2.0) +
rt powd snf (tuyen2 DWork.UnitDelay2 DSTATE, 2.0);
if (rtb Weighting o < 0.0) {
rtb Weighting o = -sqrt(-rtb Weighting o);
} else {
rtb Weighting o = sqrt(rtb Weighting o);
}

if ((real T) (fabs(tuyen2 DWork.UnitDelayl DSTATE) <
rtb Weighting o / 2.0) >=
tuyen2 P.Switch Threshold) {
rtb Gain h = tuyenZ P.Constant Value;
} else {
rtb Gain h = (real T) (tuyenZ DWork.UnitDelayl DSTATE <=
0.0) +
tuyen2 P.Constantl Value;
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if (rtb Gain h >= 2.0) {
rtb Gain h = 2.0;
} else {
if (rtb Gain h <= 0.0) {
rtb Gain h = 0.0;
}
}

rtb Suml e = floor (rtb Gain h);

if (rtIsNaN(rtb Suml e) || rtIsInf(rtb Suml e)) {
rtb Suml e = 0.0;

} else {
rtb Suml e = fmod(rtb Suml e, 4.294967296E+9);

}

if ((real T) (tuyen2 DWork.UnitDelay2 DSTATE <= 0.0) >= 1.0)
{
rtb UnitDelay2 idx = 1.0;
} else {
rtb UnitDelay2 idx
}

I
o
o
~

switch
((intl6 T)tuyen2 P.DirectLookUpTablenD table[ ((uint32 T)rtb S
uml e <<

10) +
(uint32 T) (intl6 T) fmod((real T) (intl6 T)rtb UnitDelay2 idx,
4.294967296E+9)]) |
case 1:
for (i = 0; 1 < 9; i++) { tuyenZ B.sectorselector[i] =
tuyen2 P.sectorl Value[i];
}break;
case 2:
for (i = 0; 1 < 9; i++4) {tuyen2 B.sectorselector[i] =
tuyen2 P.sector2 Valuel[i];
}break;
case 3:
for (1 = 0; 1 < 9; i++) {
tuyen2 B.sectorselector[i] = tuyen2Z P.sector3 Valueli];
}break;
case 4:

for (1 = 0; i < 9; 1i++) {
tuyen2 B.sectorselector[i]
}break;
case 5:
for (i = 0; i < 9; i++) {
tuyen2 B.sectorselector[i]
}break;
default:
for (1 = 0; i < 9; 1i++) {
tuyen2 B.sectorselector[i]

tuyen2 P.sector4 Value[i];

tuyen2 P.sector5 Value[i];

tuyen2 P.sector6 Value[i];
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} break;

{
AdcRegs.ADCTRL2.bit.RST SEQl = 0Oxl;/* Sequencer reset*/

AdcRegs .ADCTRLZ.bit.SOC SEQl = 0Oxl

while (AdcRegs.ADCST.bit.INT SEQl == 0) {

}

asm(" RPT #11 || NOP");

tuyenZ2 B.ADC ol = (AdcRegs.ADCRESULTO) >> 4;
tuyen2 B.ADC o2 = (AdcRegs.ADCRESULTI1) >> 4;
tuyen2 B.ADC o3 = (AdcRegs.ADCRESULTZ) >> 4;
tuyen2 B.ADC o4 = (AdcRegs.ADCRESULT3) >> 4;
tuyen2 B.ADC o5 = (AdcRegs.ADCRESULT4) >> 4;

AdcRegs.ADCTRL2.bit.RST SEQl = 0xl;/* Sequencer reset*/
AdcRegs.ADCST.bit.INT SEQl CLR = 1;

if (tuyen2 B.ADC ol >= tuyen2 P.Saturation UpperSat) {
rtb Gain h = tuyen2 P.Saturation UpperSat;
} else if (tuyen2 B.ADC ol <= tuyenZ P.Saturation LowerSat)

rtb Gain h = tuyenZ P.Saturation LowerSat;

} else {
rtb Gain h = tuyenZ B.ADC ol;
}
rtb Fcn 1 = tuyen2 P.NormalizelUmax Gain *

rt _hypotd snf (tuyenZ B.UnitDelayl,
tuyen2 B.UnitDelay?2);

tuyen2 B.UnitDelayl =
rt_modd snf (rt_atan2d snf (tuyen2 B.UnitDelayZ2,
tuyen2 B.UnitDelayl), tuyen2 P.pi3 Value);
tuyen2 B.UnitDelay2 = 1.0 / rtb Gain h * rtb Fcn 1 *
sin(tuyen2 P.pil Value -
tuyen2 B.UnitDelayl) * tuyenZ P.modulationindex3 Gain;

tuyen2 B.UnitDelayl = 1.0 / rtb Gain h * rtb Fcn 1 *
sin(tuyen2 B.UnitDelayl) *
tuyen2 P.modulationindex2 Gain;

rtb UnitDelay?2 idx = (tuyenZ2 P.one Value -
tuyen2 B.UnitDelayl) -
tuyen2 B.UnitDelay2;

for (1 = 0; i < 3; 1i++) {
tuyen2 B.Product3[i] = 0.0;
tuyen2 B.Product3[i] += tuyen2 B.sectorselector[i] *
tuyen2 B.UnitDelayZ2;
tuyen2 B.Product3[i] += tuyenZ2 B.sectorselector[i + 3] *
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tuyen2 B.UnitDelayl;
tuyen2 B.Product3[i] += tuyen2 B.sectorselector[i + 6] *
rtb UnitDelay2 idx;
}
{

EvaRegs.CMPR1 = (uintl6 T) (((double)EvaRegs.TlPR / 100)*
tuyen2 B.Product3[0]);

EvaRegs.CMPRZ2 = (uintl6 T) (((double)EvaRegs.TlPR / 100)*
tuyen2 B.Product3[1]);

EvaRegs.CMPR3 = (uintl6 T) (((double)EvaRegs.T1PR / 100)%*

tuyen2 B.Product3[2]);

{
uintl6 T* ptrOldPulseCount =

&tuyen2 DWork.QEP OLD PULSE COUNT;
tuyen2 B.QEP = ((intl6 T) (*ptrOldPulseCount -
EvaRegs.T2CNT) ) *QEP A scaler;
*ptrOldPulseCount = EvaRegs.T2CNT;
}
tuyen2 B.UnitDelay2 = (tuyen2Z P.Gainl Gain ¥
tuyen2 B.ADC o4 + tuyen2 B.ADC o03)* tuyen2 P.Gain Gain;

rtb Gain h =
tuyen2 P.Gain Gain j*tuyen2 DWork.DiscreteTimelIntegrator DSTA
TE;
rtb Fcn 1 = tuyen2 B.ADC o3 * cos(rtb Gain h) +
tuyen2 B.UnitDelay2 * sin(rtb Gain h);

rtb LrdLrg2pito = tuyenZ2 B.QEP *
rtb Fcn l*tuyenZ P.LrdLrg2pito Gain;

rtb LrgLrd2pito = tuyen2 P.LrglLrdZpito Gain * tuyen2Z B.QEP;

rtb PsipLrgZ2pito = tuyenZ P.PsipLrgZpito Gain * tuyenZ B.QEP;
rtb Fcnl g = -tuyen2 B.ADC o3 * sin(rtb Gain h) +

tuyen2 B.UnitDelay2 * cos(rtb Gain h);

rtb Trqg = tuyenZ P.Trqg Gain * rtb Fcnl g;

rtb TSamp = tuyen2 P.Constant Value k *tuyenZ P.TSamp WtEt;

rtb Diff = rtb TSamp - tuyen2 DWork.UD DSTATE;
if (tuyenZ2 DWork.IC FirstOutputTime) ({
tuyen2 DWork.IC FirstOutputTime = FALSE;
tuyen2 B.UnitDelay2 = tuyen2 P.IC Value;
} else {
tuyen2 B.UnitDelay2 = tuyen2 B.ADC o02;
}
rtb Suml = tuyen2 B.UnitDelay2 -
tuyen2 DWork.DiscreteTimelIntegrator DSTATE;
rtb Gain = tuyen2 P.Gain Gain jv * rtb Suml;
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if ((rtb Gain < 0.0) || (rtb Gain > 1.0)) {
rtb Merge = tuyen2 P. Value i;
}
else if ((rtb Gain >= 0.6) && (rtb Gain <= 1.0)) {
rtb Merge = tuyen2 P. Value d;

}
else if (rtb Gain < 0.6) {

tuyen2 IfActionSubsystem3 (rtb Gain, &rtb Merge,
(rtP IfActionSubsystem3 tuyen2 *)
&tuyen2 P.IfActionSubsysteml);

} else {
tuyen2 IfActionSubsystem3 e (rtb Gain, &rtb Merge,
(rtP IfActionSubsystem3 tuyen2 b *)
&tuyen2 P.IfActionSubsystem3);

}
tuyen2 B.UnitDelay2 = tuyen2 P.Weight Value * rtb Merge;
for (i = 0; 1 < 101; i++) {

if ((tuyen2 B.UnitDelay2 <= tuyen2 P.PH Valuel[i]) ||
rtIsNaN

(tuyen2 P.PH Value[i])) {
tuyen2 B.ProductCOA[i] = tuyenZ B.UnitDelay?2;
} else {
tuyen2 B.ProductCOA[i] = tuyen2 P.PH Valuel[i];
}
}
if ((rtb Gain < 0.0556) || (rtb Gain > 0.455)) {

rtb Merge b = tuyen2 P. Value e;

} else if ((rtb Gain >= 0.103) && (rtb Gain <= 0.198)) {
rtb Merge b = tuyen2 P. Value b;

} else if (rtb Gain < 0.103) {
tuyen2 IfActionSubsystem3 (rtb Gain, &rtb Merge b,
(rtP_IfActionSubsystem3 tuyenzZ *)
&tuyen2 P.IfActionSubsysteml o);
} else {
tuyen2 IfActionSubsystem3 e (rtb Gain, &rtb Merge b,
(rtP _IfActionSubsystem3 tuyen2 b *)
&tuyen2 P.IfActionSubsystem3 m);

}

tuyen2 B.UnitDelayl = tuyen2 P.Weight Value b *
rtb Merge Db;
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for (1 = 0; i < 101; i++) {
if ((tuyen2 B.UnitDelayl <= tuyen2 P.PM Value[i]) ||
rtIsNaN
(tuyen2 P.PM Value[i])) {

tuyen2 B.minV[i] = tuyenZ2 B.UnitDelayl;
} else {

tuyen2 B.minV[i] = tuyen2 P.PM Valueli];
}

rtb Gainl m = (rtb Suml - tuyen2 DWork.UnitDelay DSTATE) *
tuyen2 P.Gainl Gain p;

if ((rtb Gainl m < -0.7963) || (rtb Gainl m > 1.8)) {
rtb Merge f = tuyenZ P. Value o;

} else if (rtb Gainl m == 1.0) {
rtb Merge f = tuyenZ P. Value h;

} else if (rtb Gainl m < 1.0) {
tuyen2 IfActionSubsystem3 (rtb Gainl m, &rtb Merge f,
(rtP_IfActionSubsystem3 tuyenz *)
&tuyen2 P.IfActionSubsystem3 1);

} else {
tuyen2 IfActionSubsystem2 (rtb Gainl m, &rtb Merge f,
(rtP_IfActionSubsystemZ tuyen2Z *)
&tuyen2 P.IfActionSubsystemZ n);

}

if ((rtb_Gain < -0.0767195767195766) || (rtb_Gain >
0.13)) |
rtb Merge bc = tuyen2 P. Value m;

} else if (rtb Gain == 0.0) {
rtb Merge bc = tuyenZ P. Value ou;

} else if (rtb Gain < 0.0) {
tuyen2 IfActionSubsystem3 (rtb Gain, &rtb Merge bc,
(rtP_IfActionSubsystem3 tuyen2Z *)
&tuyen2 P.IfActionSubsystem3 c);

} else {
tuyen2 IfActionSubsystem2 (rtb Gain, &rtb Merge bc,

(rtP_IfActionSubsystem2 tuyenz *)
&tuyen2 P.IfActionSubsystem2 1);

}

if ((rtb Merge bc <= rtb Merge f) ||
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rtIsNaN (rtb Merge f)) {
rtb Suml e = rtb Merge bc;
} else {
rtb Suml e = rtb Merge f;
}

rtb Weighting = tuyen2Z P.Weight Value g * rtb Suml e;

for (i = 0; i < 101; i++) |
if ((rtb Weighting <= tuyen2 P.PL Valuel[i]) ||
rtIsNaN (tuyen2 P.PL Valuel[i]))
{
tuyen2 B.minV m[i]
} else {
tuyen2 B.minV m[i]

}

rtb Weighting;

tuyen2 P.PL Valuel[i];

if ((rtb Gainl m < -1.8) || (rtb Gainl m > 0.802)) {
rtb Merge k = tuyen2 P. Value;

} else if (rtb Gainl m == -1.008) {
rtb Merge k = tuyen2 P. Value k;

} else if (rtb Gainl m < -1.008) {
tuyen2 IfActionSubsystem3 (rtb Gainl m, &rtb Merge Kk,
(rtP_IfActionSubsystem3 tuyen2Z *)
&tuyen2 P.IfActionSubsystem3 mO);

} else {
tuyen2 IfActionSubsystem2 (rtb Gainl m, &rtb Merge Kk,
(rtP_IfActionSubsystemZ tuyen2Z *)
&tuyen2 P.IfActionSubsystemZ p);

}

if ((rtb Merge bc <= rtb Merge k) || rtIsNaN(rtb Merge k))

rtb Suml e = rtb Merge bc;
} else {

rtb _Suml e
}

rtb Merge k;

rtb Weighting o = tuyen2 P.Weight Value 1 * rtb Suml e;

for (1 = 0; i < 101; i++) {
if ((rtb Weighting o <= tuyen2 P.NC Value[i]) ||
rtIsNaN (tuyen2 P.NC Valuel[i]))
{
tuyen2 B.minV c[i] = rtb Weighting o;
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} else {
tuyen2 B.minV c[i] = tuyen2 P.NC Valuel[i];
}
}
if ((rtb Gainl m < -0.03529) || (rtb Gainl m > 0.03968))

rtb Merge g = tuyenZ P. Value f;

} else if (rtb Gainl m == 0.01071) {
rtb Merge g = tuyenZ P. Value 1;

} else if (rtb Gainl m < 0.01071) {
tuyen2 IfActionSubsystem3 (rtb Gainl m, &rtb Merge g,
(rtP IfActionSubsystem3 tuyen2 *)
&tuyen2 P.IfActionSubsystem3 d);

} else {
tuyen2 IfActionSubsystem2 (rtb Gainl m, &rtb Merge g,
(rtP_IfActionSubsystem2 tuyen2 *)
&tuyen2 P.IfActionSubsystem2 pj);

}

if ((rtb Merge bc <= rtb Merge g) || rtIsNaN(rtb Merge g))

rtb Suml e = rtb Merge bc;
} else {

rtb Suml e = rtb Merge g;
}

rtb Product4 = tuyenZ P.Weight Value ¢ * rtb Suml e;

for (i = 0; i < 101; i++) {
if ((rtb Product4 <= tuyenZ P.NC Value[i]) ||
rtIsNaN (tuyenZ2 P.NC Value[i]))
{
tuyen2 B.minV k[i] = rtb Product4;
} else {
tuyen2 B.minV k[1i]

tuyen2 P.NC Value[i];
}

if ((rtb_Gain < -0.537) || (rtb _Gain > -0.167)) {
rtb Merge bu = tuyen2 P. Value n;

} else if ((rtb Gain >= -0.357142857142857) &&
(rtb_Gain <= -0.257)) {
rtb Merge bu = tuyenZ P. Value fc;

} else if (rtb Gain < -0.357142857142857) {
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tuyen2 IfActionSubsystem3 (rtb Gain, &rtb Merge bu,
(rtP IfActionSubsystem3 tuyen2 *)
&tuyen2 P.IfActionSubsysteml m);

} else {
tuyen2 IfActionSubsystem3 e (rtb Gain, &rtb Merge bu,
(rtP IfActionSubsystem3 tuyen2 b *)
&tuyen2 P.IfActionSubsystem3 e);

}

rtb Product3 = tuyen2 P.Weight Value bi * rtb Merge bu;

for (i = 0; i < 101; i++) |
if ((rtb Product3 <= tuyen2 P.NL Value[i]) ||
rtIsNaN (tuyen2 P.NL Value[i]))
{
tuyen2 B.minV cx[i] = rtb Product3;
} else {
tuyen2 B.minV cx[i]

tuyen2 P.NL Value[i];
}

if ((rtb Gain < =-1.72) || (rtb Gain > -0.00794)) {
rtb Merge m = tuyen2 P. Value og;

} else if ((rtb Gain >= -1.08) && (rtb Gain <= -
0.579365079365079)) {
rtb Merge m = tuyenZ P. Value p;

} else if (rtb Gain < -1.08) {
tuyen2 IfActionSubsystem3 (rtb Gain, &rtb Merge m,
(rtP_IfActionSubsystem3 tuyen2 *)
&tuyen2 P.IfActionSubsysteml g);

} else {
tuyen2 IfActionSubsystem3 e (rtb Gain, &rtb Merge m,
(rtP_IfActionSubsystem3 tuyenZ b *)
&tuyen2 P.IfActionSubsystem3 ef);

}
rtb Gain4 = tuyen2 P.Weight Value gs * rtb Merge m;

for (1 = 0; 1 < 101; i++) |
if ((tuyen2 B.ProductCOA[i] >= tuyenZ B.minVI[i]) ||
rtIsNaN (tuyenZ2 B.minV([i]))
{
rtb UnitDelay?2 idx = tuyen2 B.ProductCOA[i];
} else {
rtb UnitDelay?2 idx = tuyenZ B.minV[i];
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}

if (' ((rtb UnitDelay2 idx >= tuyen2 B.minV m[i]) ||
rtIsNaN
(tuyen2 B.minV m[i]))) {
rtb UnitDelay2 idx = tuyen2 B.minV m[i];
}

if (' ((rtb UnitDelay2 idx >= tuyen2 B.minV c[i]) ||
rtIsNaN
(tuyen2 B.minV c[i]))) {
rtb UnitDelay2 idx = tuyen2 B.minV c[i];
}

if (' ((rtb UnitDelay2 idx >= tuyenZ B.minV k[i]) ||
rtIsNaN
(tuyen2 B.minV k[i]))) |
rtb UnitDelay2 idx = tuyen2 B.minV k[i];
}

if (' ((rtb UnitDelay2 idx >= tuyenZ B.minV cx[i]) ||
rtIsNaN
(tuyen2 B.minV cx[1]))) {
rtb UnitDelay?2 idx = tuyenZ B.minV cx[1];
}

if ((rtb Gain4 <= tuyenZ P.NH Value[i]) ||

rtIsNaN (tuyenZ P.NH Value[i])) {
rtb Suml e = rtb Gain4;
} else {

rtb Suml e = tuyenZ P.NH Value[i];
}

if ((rtb UnitDelay2 idx >= rtb Suml e) ||
rtIsNaN (rtb Suml e)) {
rtb Suml e = rtb UnitDelay2 idx;
}

tuyen2 B.ProductCOA[i] = rtb Suml e;
}

rtb Suml e = tuyen2Z B.ProductCOA[(];
for (i = 0; i < 100; i++) |

rtb Suml e += tuyen2 B.ProductCOA[i + 1];
}

if ((real T) ((((((tuyen2 B.UnitDelay2 +
tuyen2 B.UnitDelayl) + rtb Weighting)
+ rtb Weighting o) + rtb Product4d4) +
rtb Product3) + rtb Gain4
> tuyenZ P.Zero Value) >=



133

tuyen2 P.Switch Threshold 1) {
for (1 = 0; i < 101; i++) {
tuyen2 B.ProductCOA[i] *= tuyenZ P.xdata Value[i];
}

rtb Sum og = tuyenZ2 B.ProductCOA[O];
for (1 = 0; i < 100; i++) {

rtb Sum og += tuyen2 B.ProductCOA[i + 1];
}

if (rtb Suml e <= 0.0) {
rtb Suml e = tuyenZ2 P.One Value;

}

rtb Gain4 = rtb Sum og / rtb Suml e;
} else {
rtb Gain4 = tuyen2 P.MidRange Value;

rtb Suml e = (((tuyen2 P.Gain2 Gain * rtb Gain4d -
tuyen2 B.QEP) -
tuyen2 P.DiscreteTransferFcn DenCoef[lL]*tuyenZ DWork.Discret
eTransferFcn DSTATE[OL]) -
tuyen2 P.DiscreteTransferFcn DenCoef [2L] *
tuyenZ_DWork.DiscreteTransfechn_DSTATE[lL])/
tuyen2 P.DiscreteTransferFcn DenCoef[0];
rtb Gain4 = (tuyenZ P.DiscreteTransferFcn NumCoef[0] *
rtb Suml e +
tuyen2 P.DiscreteTransferFcn NumCoef [1L] *
tuyen2 DWork.DiscreteTransferFcn DSTATE[OL]) +
tuyen2 P.DiscreteTransferFcn NumCoef [2L] *
tuyen2 DWork.DiscreteTransferFcn DSTATE[1L];

rtb DirectLookUpTablenD = rtb Gaind *
tuyen2 P.TSamp WtEt c;

rtb Gain4 -= rtb Fcnl g;
tuyen2 B.UnitDelayl = (tuyen2 P.DerivativeGain Gain *
rtb Gain4d -

tuyen2 DWork.Filter DSTATE) ¥*
tuyen2 P.FilterCoefficient Gain;

tuyen2 B.UnitDelay2 = tuyen2 P.IntegralGain Gain ¥*
rtb Gain4;

rtb Product3 = tuyenZ P.Constant Value k - rtb Fcn 1;

rtb Weighting = (tuyen2 P.DerivativeGain Gain e ¥*
rtb Product3 -
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tuyen2 DWork.Filter DSTATE e) *
tuyen2 P.FilterCoefficient Gain f;

rtb Sum og = tuyen2z P.IntegralGain Gain g * rtb Product3;

rtb Product3 = ((((((tuyen2 P.ProportionalGain Gain o ¥*
rtb Product3 +
tuyen2 DWork.Integrator DSTATE g) +
rtb Weighting) +
rtb Diff) + tuyen2 P.Gain Gain e *
rtb Product3) +
tuyen2 P.Gain2z Gain p * rtb Fcn 1) +
rtb LrgLrd2pito *
rtb Fcnl g) * tuyen2 P.Gainl Gain m;

rtb Gaind4 = (((((tuyen2 P.Gain3 Gain * rtb Gain4d +
(rtb DirectLookUpTablenD -

tuyen2 DWork.UD DSTATE k)) + rtb Trqg) + rtb PsipLrg2pito)
+ rtb LrdLrgZpito)

+ ((tuyenZ P.ProportionalGain Gain * rtb Gain4
+
tuyen2 DWork.Integrator DSTATE) +

tuyen2 B.UnitDelayl)) *

tuyen2 P.Gain4 Gain;

rtb Weighting o = rtb Product3 * rtb Product3 + rtb Gaini4
* rtb Gainé;
if (rtb Weighting o < 0.0) {
rtb Weighting o = -sqrt(-rtb Weighting o);
} else {
rtb Weighting o = sqrt(rtb Weighting o);
}

if (rtb Weighting o >= tuyen2Z P.Saturation UpperSat o) {
rtb UnitDelay2 idx = tuyen2 P.Saturation UpperSat o;

} else if (rtb Weighting o <=

tuyen2 P.Saturation LowerSat k) ({

rtb UnitDelay2 idx = tuyen2 P.Saturation LowerSat k;

} else {
rtb UnitDelay?2 idx = rtb Weighting o;

}

if (! (rtb Weighting o <= tuyen2 B.ADC ol)) {
rtb Weighting o = tuyen2 B.ADC ol;
}

rtb Product4 = 1.0 / rtb UnitDelay2 idx * rtb Weighting o;
rtb Product3 *= rtb Product4;
rtb Productd4 *= rtb Gain4;
tuyen2 DWork.UnitDelayl DSTATE = rtb Product3 *
cos (rtb Gain h) - rtb Producti
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* sin(rtb Gain h);
tuyen2 DWork.UnitDelay2 DSTATE = rtb Product3 *
sin(rtb Gain h) + rtb Producti
* cos(rtb Gain h);
tuyen2 DWork.DiscreteTimelIntegrator DSTATE +=
tuyen2 P.DiscreteTimelIntegrator gainval * tuyen2 B.QEP;
tuyen2 DWork.UD DSTATE = rtb TSamp;
tuyen2 DWork.UnitDelay DSTATE = rtb Suml;
tuyen2 DWork.DiscreteTransferFcn DSTATE[1L]
tuyen2 DWork.DiscreteTransferFcn DSTATE[OL];
tuyen2 DWork.DiscreteTransferFcn DSTATE[OL] = rtb Suml e;
tuyen2 DWork.UD DSTATE k = rtb DirectLookUpTablenD;
tuyen2 DWork.Filter DSTATE += tuyen2 P.Filter gainval *
tuyen2 B.UnitDelayl;
tuyen2 DWork.Integrator DSTATE +=
tuyen2 P.Integrator gainval *
tuyen2 B.UnitDelay2;
tuyen2 DWork.Filter DSTATE e += tuyen2z P.Filter gainval d *
rtb Weighting;
tuyen2 DWork.Integrator DSTATE g +=
tuyen2 P.Integrator gainval m * rtb Sum og;
}
void tuyen2 initialize (void)
{
rt_InitInfAndNaN (sizeof (real T));
tuyen2 P.Saturation UpperSat = rtInf;
tuyen2 P.Saturation UpperSat o = rtlInf;
rtmSetErrorStatus (tuyen2 M, (NULL));
(void) memset (((void *) &tuyen2 B),
0,sizeof (BlockIO tuyen2));
(void) memset ((void *)&tuyen2 DWork, O,
sizeof (D Work tuyen2));

InitAdc();

config ADC A (4U, 12816U, 4U, 0U, 0U);
EALLOW;

GpioMuxRegs.GPAMUX.all |= 63U;

config PWM A (3750.0,1,1,"INPUT PORT",0.0,
1,"INPUT PORT",0.0,1,"INPUT PORT",0.0,1638,
o, o0, o, 0, 1, 0, 0);
EDIS;
config QEP A (0, 65535, 0, 0);
tuyen2 DWork.IC FirstOutputTime = TRUE;

tuyen2 DWork.UnitDelayl DSTATE = tuyen2 P.UnitDelayl XO;
tuyen2 DWork.UnitDelay2 DSTATE = tuyenZ P.UnitDelay2 XO0;
tuyen2 DWork.DiscreteTimelIntegrator DSTATE =

tuyen2 P.DiscreteTimelIntegrator IC;

tuyen2 DWork.UD DSTATE = tuyen2 P.UD XO0;
tuyen2 DWork.UnitDelay DSTATE = tuyen2 P.UnitDelay XO;
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tuyen2 DWork.DiscreteTransferFcn DSTATE[O]
tuyen2 P.DiscreteTransferFcn InitialStat;

tuyen2 DWork.DiscreteTransferFcn DSTATE([1]
tuyen2 P.DiscreteTransferFcn InitialStat;

tuyen2 DWork.UD DSTATE k = tuyen2 P.UD X0 o;

tuyen2 DWork.Filter DSTATE = tuyenz P.Filter IC;
tuyen2 DWork.Integrator DSTATE = tuyenZ P.Integrator IC;
tuyen2 DWork.Filter DSTATE e = tuyenZ P.Filter IC n;

tuyen2 DWork.Integrator DSTATE g =
tuyen2 P.Integrator IC h;

}
/-k
* File: tuyen2_data.c
*/
#include ""tuyen2.n™
#include "'tuyen2_private.h"
Parameters_tuyen2 tuyen2 P = {
0.0, {-1.0, -0.98, -0.96, -0.94, -0.92, -0.9, -0.88, -0.86, -0.84,

-0.82000000000000006, -0.8, -0.78, -0.76, -0.74, -0.72, -0.7, -0.67999999999999994, -
0.65999999999999992, -0.64, -0.62, -0.6, -0.58000000000000007, -0.56, -0.54, -0.52, -
0.5, -0.48, -0.45999999999999996, -0.43999999999999995, -0.42000000000000004, -0.4,
-0.38, -0.36,-0.33999999999999997, -0.31999999999999995, -0.30000000000000004, -
0.28,-0.26, -0.24, -0.21999999999999997, -0.19999999999999996,
-0.18000000000000005, -0.16000000000000003, -0.14, -0.12,

-0.099999999999999978, -0.07999999999999996, -0.060000000000000053,
-0.040000000000000036, -0.020000000000000018, 0.0, 0.020000000000000018,
0.040000000000000036, 0.060000000000000053, 0.080000000000000071,
0.10000000000000009, 0.12000000000000011, 0.1399999999999999,
0.15999999999999992, 0.17999999999999994, 0.19999999999999996,
0.21999999999999997, 0.24, 0.26, 0.28, 0.30000000000000004,

0.32000000000000006, 0.34000000000000008, 0.3600000000000001,
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0.37999999999999989, 0.39999999999999991, 0.41999999999999993,
0.43999999999999995, 0.45999999999999996, 0.48, 0.5, 0.52, 0.54, 0.56,
0.58000000000000007, 0.60000000000000009, 0.62000000000000011,
0.6399999999999999, 0.65999999999999992, 0.67999999999999994, 0.7, 0.72,
0.74,0.76, 0.78, 0.8, 0.82000000000000006, 0.84000000000000008,
0.8600000000000001, 0.87999999999999989, 0.89999999999999991,

0.91999999999999993, 0.94, 0.96, 0.98, 1.0 },0.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0,
1.0,1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0,
0.0,1.0,0.0,0.0,1.0,1.0, {1.0,0.0,1.0,1.0,0.0,0.0,0.5,0.5,0.5}{0.0, 0.0, 1.0, 1.0, 0.0,
1.0,0.5,05,05},{0.0,1.0,1.0,0.0,0.0,1.0,0.5,0.5,0.5 }{ 0.0, 1.0, 0.0, 0.0, 1.0, 1.0,
0.5,05,05},{1.0,1.0,0.0,0.0,1.0,0.0,0.505,05}{1.0,0.0,0.0,1.0, 1.0, 0.0, 0.5,
0.5,05}1.0,0.0,0.0,00, 05{2.0,5.0,1.0,6.0,3.0,4.0}, 0.0,2.2204460492503131E-
16,1.5,1.0466666666666666,1.0466666666666666,1.1547005383792517,1.154700538379
2517, 1.0, 2.0, 0.57735026918962584, 0.001, 0.0, 314.0, 314.0, 314.0,
186904.76190476192, 1.5714285714285714, 0.0, 1000.0, 0.0, 1.0, 0.0,0.08,{ 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.062937062937062985, 0.13286713286713298, 0.20279720279720295,
0.27272727272727293, 0.34265734265734293, 0.41258741258741288,

0.48251748251748289, 0.55244755244755206, 0.62237762237762206,
0.69230769230769207, 0.76223776223776207, 0.83216783216783208,

0.902097902097902, 0.972027972027972 }, 1.0, { 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0823529411764713,0.19999999999999948, 0.31764705882352895,
0.43529411764705844,0.55294117647058794, 0.67058823529411749,
0.78823529411764692,0.90588235294117636, 0.9800895968143355,
0.88053758088601286, 0.78098556495769011, 0.68143354902936748,
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0.58188153310104485, 0.48232951717272221, 0.38277750124440063,
0.283225485316078,0.18367346938775536, 0.0841214534594327, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0},1.0, 0.0, 0.08, { 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.18774193548387097, 0.51032258064516156,0.83290322580645215,
0.947903156074362, 0.839818417639429, 0.731733679204496, 0.62364894076956279,
0.515564202334631, 0.4074794638996978,

0.29939472546476475, 0.19130998702983162, 0.083225248594898549, 0.0, 0.0,0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 },1.0, { 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0,0.3575000000000001,
0.85750000000000048, 0.674999999999999, 0.22045454545454396, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 },1.0,1.0, { 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.11494252873563225,0.2298850574 712645, 0.3448275862068968,
0.459770114942529,0.57471264367816133, 0.68965517241379359,
0.80459770114942575, 0.91954022988505746, 0.99037465068003094,
0.95829015294680064,0.92620565521357057, 0.89412115748034027,
0.86203665974711008,0.82995216201387978, 0.79786766428064959,
0.76578316654741929,0.7336986688141891, 0.7016141710809588,
0.66952967334772873, 0.63744517561449843, 0.60536067788126813,
0.57327618014803794, 0.54119168241480764, 0.50910718468157734,
0.47702268694834732, 0.444938189215117, 0.41285369148188678,
0.38076919374865648,0.34868469601542618, 0.31660019828219593,
0.28451570054896586,0.25243120281573556, 0.22034670508250531,
0.18826220734927507,0.1561777096160448, 0.12409321188281452,
0.092008714149584434, 0.059924216416354169, 0.027839718683123908, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0,0.0, 0.0,0.0 },1.0, {0.96438356164383587, 0.90958904109589056,



139

0.85479452054794536, 0.8,0.74520547945205506, 0.69041095890410986,
0.63561643835616455,0.58082191780821923, 0.526027397260274,
0.47123287671232905, 0.41643835616438374, 0.36164383561643848,
0.30684931506849322,0.25205479452054796, 0.19726027397260268,
0.14246575342465739,0.087671232876712135, 0.032876712328766856, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0,0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0 },0.0, 1.0,
30.0, 0.0, {1258.5291887793737, 20.143290371493478, 46.209098714798372 },

{ 1.0, 12.983928131022903, 1235.7846853676981 },1000.0, 0.0, 0.0, 0.001, 0.0, 100.0,
2.0, 0.001, 0.0, 0.0, 0.0, 0.001, 0.0, 100.0, 2.0, 0.001, 0.0, 0.0, 1.0, 1.5714285714285714,
0.0168, 1.0, 0.0168, 0.0, 1.0E-9,{0.0, 0.13 },{-0.0767195767195766, 0.0 },{0.198, 0.455
},{0.0556, 0.103 },{1.0, 1.0 },{0.0, 0.6 },{-0.257, -0.167 }{-0.537, -0.357142857142857
},{ -0.579365079365079, -0.00794 }, {-1.72, -1.08 },{ 0.01071, 0.03968 },{-0.03529,
0.01071}{1.0, 1.8 },{ -0.7963, 1.0 }{-1.008, 0.802 },{-1.8, -1.008 }};

[*
* File: tuyen2_main.c

*/

#include ""tuyen2.h™

#include "'rtwtypes.h™

#include "'rt_nonfinite.n"
#include ""tuyen2_private.h™
#include ""c2000_main.h"
#include ""DSP281x_Device.h"
#include ""DSP281x_Examples.h™
#include <stdlib.h>

#include <stdio.h>

void init_board(void);
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void enable_interrupts(void);
void config_schedulerTimer(void);
void disable_interrupts(void);
volatile int IsrOverrun = 0;
static boolean_T OverrunFlag = 0;
void rt_OneStep(void)
{
/* Check for overrun. Protect OverrunFlag against
* preemption.
*/
if (OverrunFlag++) {
IsrOverrun = 1;
OverrunFlag--;
return;
}
asm(*" SETC INTM™);
PieCtrIRegs.PIEIER1.all |= (1 << 6);
asm("" CLRC INTM");
tuyen2_step();
asm(*" SETC INTM™);
PieCtrIRegs.PIEIER1.all &= ~(1 << 6);
asm(" RPT #5 || NOP™);
IFR &= OXFFFE;
PieCtrIRegs.PIEACK .all = 0x1;
asm(** CLRC INTM™);

OverrunFlag--;
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}
void main(void)
{
volatile boolean_T noErr;
init_board();
rtmSetErrorStatus(tuyen2_M, 0);
tuyen2_initialize();
config_schedulerTimer();
noErr =
rtmGetErrorStatus(tuyen2_M) == (NULL);
enable_interrupts();
while (noErr) {
NoErr = rtmGetErrorStatus(tuyen2_M) == (NULL);
}
tuyen2_terminate();

disable_interrupts();
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